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ash, insoluble in water, soluble lead, nitric acid, 1682-1683. Ammonium picratc — 
moisture, insoluble material, ash, free ammonia or free picric acid, 1683-1684. Tetryl — 
melting point, moisture, insoluble in benzene, acidity, 1684. Mercury fulminate — 
preparation of sample, mercury fulminate content, acidity, insoluble matter, free 
mercury, chIoridc.s, 1685. Lead Azide, acidity— lead content, 168,5-1686. Blasting 
capw and electric detonators — preparation of sample, moisture, analysis of composition 
containing mercury fulminate and pf)ta.ssium chlorate, analysis of compositions con- 
taining nitrocompounds, 1686-1688. Primers — variations in composition, types of 
primer composition, preparation of the sample, qualitative examination, quantitative 
analy.si.'^, 1688-1600. Xitroccllulose— general, preparation* of sample, nitrogen, solu- 
bility in ether-alcohol: (o) guncotton, (5) pyrocellulose, .solubility in acetone, ash, sta- 
bility te.st: heat test with pota.^sium iodide-starch paper, stability test at 134.5° C., 
preparation of m(*t}iyl violet test papcT, viscosity, 1690-1694. Smokeless powder. 
Xitrncelliilosc powders — moisture and volatiles, moisture, diphenylamine, ash, solubility 
in ether-alcohol, in ac(*t<mc, .'^tabilitj* test at 134.5° C., “surveillance test" at 65.5° C., 
nitrogen, 1695-1698. Nitroglycerin smokeless powders, 1698-1699. Table of t 3 *pical 
comiKJsitions of explosives, 1700. 

FIXED OILS, FATS AND WAXES. PETROLEUM, 

OILS, FATS AND WAXES 

Introductory. Examination of an unknomi oil, 1701. Petroleum products — (o) 
burning oils — flash f<'sf ; fire test; .‘iignificance of the tests; specific gravity*, significance; 
<ii.stiUatij>n test (.\. S. 'V. M.); apparatus; procedure; accuracy; correction for barometric 
pressure. Significance of the test, 1702-1712. Detennination of sulfur; A, S. T. M. 
lamp methml -apjxiratus; ]>rococlure; detection of acidity; sulfuric acid test; mineral 
.Silts; determination of water; color, 1712-1717. (b) Lubricating oiks — vdscosity; 

Kngler apparatus; viscosity by nu'ans of the Sjivbolt viscosimeter, A. S. T. M.; Mac- 
Michael’s vi.'<c<x‘;imeter; absolute visco.'iit\’; specific gravity; evaporation test; cold test; 
cloud and ix^ur ])oints, A. S, T. M. met hod — apiiaratus; procedure; flash point — open 
cup, A, S. T. M.- -.apparatus, procedure, 1717-1736. Detection of soap; caoutchouc; 
te.st h)r fatty nils; gumming test; carbon residue tost— Conradson ciirbon residue — 
scoix^; appanitiLM; siieeial procedure; tolerances. Gasoline test; microscopical test; heat 
test; llerschel’s demulsitiility test; friction tests; color, 1736-1741. Liqiiid fuels, 
(u) Gasoline — doctor t<'st (sodium pluinbite); corrosion U^st, A. S. T. M. method; 
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distillation of gasoline; significsance of test; octane number, 1742-1743. Fuel oils. 
Flash point, Pensky-Martens closed tester, A. S. T. M.; flash point by tag clo.sed tester, 
A, S. T, M,; 1744-1756. Sulfur, bomb method, A. S. T. M. apparatus; procedure; water, 
A. S. T. M. method— apparatus; sample; procedure; accuracy; sediment— apparatus; 
extraction procedure. Water and sediment by centrifuge, A, S. T. M. method- 
apparatus; procedure; accuracy; calorific power; 1756-1764. Animal and vegetable 
oils — specific gravity; refractive index; Valenta teat; Eliadin test; Maumen6 test; 
references, 1764-1767. Iodine number or value — Hanus metliod; thiosulfate solution; 
Hiibrs method — manipulation; oxidized oils, iodine number of; bromine number or 
value; saponification value — solutions required; apparatus; blank determination; 
procedure; percentage of fatty oil, 1767-1773; detection of unsaponifiable oils — (1) from 
saponification number; (2) by gravimetric methods; identification of unsaponifiable 
matter; hydrocarbon oils; tar oils; rosin oils; paraffin; cercsenc; higher alcohols; choles- 
terol; lactones. Test for animal or vegetal be oiLs; test for antifluorcsccnts; acetyl value, 
1773-1777. Special tests for certain oils — Bcchi’s test for cotton-seed oil; Halphen’s 
test for cotton-seed oil; hexabromide test for linseed t>il; Bellier's qiuilitative test for 
peanut oil; Renard-Tolman quantitative test; Bach's te.st for rapc’seed oil; Liebermann- 
Storch test for rosin oil; Baudoin’s or Camoin’s test for sesame oil; Villa vecchia test; 
acid test; sptmtaneous combustion test. Mackey's apparatus; drying te.st upon gla.ss; 
titer test, references, 1777-17S.J. Edible fats— butter; exiimination of the fat; preserva- 
tives; color; lard; water; cottousoed oil. Hardened oils. Wuxo.s. Mi.sccnaneous oils 
and lubricants— table, references, 178.5-17SU. U. 8. Clove m men t specifications for 
petroleum products — gasoline; burning oi!.s; fuel oils; greases; lubricating oils; charac- 
teristics of the fatty acids frem some oils — fables; cliaraeteri.stics of .sf)me waxes — table; 
viscosimeter chart; factor tiibles; reagents, 1790-1 SOI. .Junker's caloriinefer — liquid 
fuels. Determination of tetraethyl lead in ga.snline; nitrobenzene in oils for fioon?, 
1 802-1. S05. 

PETROLEUM AND ITS PRODDCTS-INTERPRETATION OF TESTS 

Introductorv', 1806. Crude oils— physical tests; clistillation; gasoline, napldha-testa 
and interpretation; U. S. Bureau of Mines iJ-st; A. S. T. M. for gum content, 1807- 
1816. Kerosene, mineral seal and gas oil-spf'cific gravity; other te.'^t.^, 1816-1817. 
Lubricants — specific gravity; color; vi.scosity; cloud test; pour U‘st; fl.'Lsh and fire test; 
carbon residue; demulsihility; fatty acid; rosin; neutralization numl)er; evaporation 
test; crankcase dilution, A. S. T. M. t(>st, 1 SI 7- 1.822. \. S. T. M. methods for the 
analysis of grea.se — .sample; solvents; procfslure, {u^h, fillers, etc.; free alkali and free 
acid; water, 1S2'}-J829. Waxes — melting i)<>int, A. iS. T. M., 18.'iO-lH.33. Heavy oiU 
and asphalts — introductory; asphalts (references). Fuel oil, tests; A. S, T. M. method 
for thermal vahie-apparatua; procedure; computation of results, 1833-1837. Hoad oils, 
1837. iShale oils, 1838. 

PAINTS 

Introductory, 18.39. Analysts of paint velu'rles — composition of liquid part; per- 
centage of liquid by ignition metho<l; jKTcentage of li(iui<l by ext met ion methods; 
separation of vehicle comjionents; water; direct distillation for vrtlatiles; tletedion of 
resinates; detection of various oils, 1846-1812. Analysis of [taint oils — sfKrtfication.s for 
lluseed oil; analy.sLs of lin.sfr<'d oil — loss on lu*aiing at, lO-^-l 10^ (1.; ffsits, general tests; 
specific gravity; acid number; saprmi Meat ion number; unsapemifiable matter; iodine 
number; aah; time of drying on gla-ss; reagents for testing, 18*12-1847. Examination of 
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tung oil (Chinese wood oil) — gelation tests; Browne heat test; Worstall heat test; 
analysis of various oils, 1847-1850. Examination of turpentine — A. S. T. M. methods — 
color; specifiegravity; refractive index; distillation; polymerization, 1850-1851, Analysis 
of varnish — flash point; acid number; ash; solvent; fixed oils and resins; separation of 
polymerized oils and resins, 1851-1853, Other materials, 1854. The analysis of paint 
pigments — classification of pigments. Analysis of white pigments — basic sulfate of 
lead — volumetric determination of lead; volumetric determination of zinc; total lead 
sulfate; super sublimed white lead, 1854-1858. Basic carbonate of lead — total lead 
(gravimetric); total lead (volumetric); carbon dioxide; acetic acid; metallic lead. Zinc 
lead and leaded zinc — moisture; lead and zinc; total soluble sulfates (absence of BaS 04 ; 
pressure of BaSOi); soluble zinc sulfate; sulfur dioxide; calculations, 1859-1862, Zinc 
oxide — moisture; zinc oxide; total soluble sulfur; sulfur dioxide (Rigg Method); zinc 
sulfate, 1862. Lithoponc — moisture; barium sulfate; zinc sulfide; zinc oxide, 1862- 

1863. Titanium pigments — barium sulfate; calcium sulfate; titanium dioxide, 1863- 

1864. Antimony oxide, 1864. Zirconium pigments, 1864-1865. Silica or silex — 
China clay — asbc.stinG — moisture 1866. ^\Tiiting (Paris white) — ^moisture; loss on 
ignition; calcium; magnesium; carbon dioxide; sulfates, 1866. Barytes and blanc 
fix(? — moisture; loss on ignition; barium sulfate; soluble sulfates; carbon dioxide, 1867. 
Analysis of a composite white paint — insoluble residue; total lead; alumina and iron 
oxide; zinc; calcium and magncsiiun; .sulfate; sulfide; carbon dioxide; calculations, 
1887-1869. Red and brown pigments. Red lead and orange mineral — moisture; 
organic color; total lead and insoluble residue; determination of lead peroxide and 
true red lead, 1S69-1871. Vermillion, 1871. Iron oxides, 1872. Blue pigments, 
1872. Ultramarine blue — moisture; silica; aluminum oxide; sodium oxide; total 
.vulfur; sulfur as sulfate, 1872-1873. Prussian blue — moisture; nitrogen; iron and 
aluminum oxides; sulfuric acid; commercial analysis, 1873. Sublimed blue lead — 
total lead; total sulfur; lead sulfate; lead sulfite; lead sulfide; lead carbonate; lead 
oxide; zinc oxide; carbon and volatile matter, 1874. Yellow and orange pigments, 
1874. ('Iirome yellows — .\mcrican vcrmillion — basic lead chromate — moisture; in- 
soluble residue; lead; chromium; zinc, calcium and magnesium; sulfuric acid, 1874-1875. 
(Ireen pigments. Chrome gjeen-moisturc; insoluble residue; lead; iron, alumina and 
chmmium; calcium ami magnesium; sulfuric acid; nitrogen, 1875-1876, Black pig- 
ments— moisture; oil; carbon; ash; analy.sis of ash, 1876-1877. 

PAPER AND PAPER-MAKING MATERIALS 

T. A. P. P. I. mctliocU. Isolation of cellulose by chlorination method, 1878-1880. 
Chlorine consumption of pulp, 1S80-1881. .i\lplia cellulose in pulp, 1881-1883. Pitch 
in wood pulp, 1883-1884. Cuprammonium disperse viscosity of pulp, 1884-1888. 
MoLsturc in pulp by toluene method, 1S89-1S91. Metho.xy groups in pulp, 1891-1893. 
Weigiiing, sampling and testing wood pulp for moisture, 1893-1896. Ash in pulp, 
1890-1897. One pi^r cent caustic scala solubility of pulp, 1897-1899. Sampling paper 
for testing, 1899. Conditioning pa{X'r for testing, 1900. Paraffin in paper, 1901. 
Active sulfur in pajx'r, 1901-1902. Amount of coating of mineral coated paper, 1902- 
19(Kh R('sin in paper, 1903-1904. Moisture in paper, 1904-1905. Ash in paper, 1905. 
Bi'ok'inaceous nitrogen in papt'r, ltK)5-1906, Starch in paper, 1906-1908. Mineral 
filler in pajx'r, 1909. Total acidity of piii^or, 1910. Alplia cellulose in paper, 1911-1913. 
C'opjXT number of paper, 1913-1914. Acid soluble iron in paper, 1915. Hydrogen ion 
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concentfation (pH) of paper extracts, 1916-1919. Arsenic in paper, 1919-1922. Zinc 
pigments in paper, 1922-1924. Titanium pigments in paper, 1925-1928. Analysis of 
bisulfite cooking liquor, 1929-1931. Analysis of casein, 1931-1935. Analysis of salt 
cake, 1935-1940. Analysis of rosin, 1940-1942. 

POISONS, THEIR DETECTION AND ESTIMATION. WITH SPECIAL 
REFERENCE TO ORGANIC POISONS 

Introductory, classification of poisons, general procedure, groupings of poisons, 1943- 
1944. Group I — yellow phosphonis; hydrocyanic acid, procedures for detection and 
estimation; chloroform, qualitative and quantitative determination; ethyl alcohol and 
methyl alcohol, detection methods for each; carbolic acid (pJicnoI), detection and estima- 
tion; chloral hydrate, detection, decomposition, 1944-1951. Group II — alkaloids, 
glucosides and otlior organic compounds — methods of analysis; list of organic poisons, 
1951-1953. Acetanilid, tests; veronal, tests, extraction from bladder contents; nicotine, 
distribution, detection; stiychninc, distribution, detection; brucine, detection; atropine, 
detection; cocaine, detection; codeine, detection; narcotine, detection; morphine, de- 
tection; opium, detection; ptomaines, detection, 1053-1962. Group III — preparation 
of solution; detection of arsenic and estimation; determination of carbon monoxide in 
air; blood solution, determination in blood; special reagents, 1962-1965. 

RUBBER, GUTTA PERCHA AND BALATA 

Introductory' — the rubb<T hydrocarlxm, 1966-1967. Cmde rublwr, 1907. Examina- 
tion of raw nibbt^r — general infonnation; evaluation of latex; niw rubber, 1967-1968, 
Technical aruilysis of crude rubber-samples; moisture; resin; acid value of acetone extract; 
ash; copper; manganese; organic insoluble; protein, ltK)<S-l974. Determination of the 
rubber hydrocarbon— (o) Spence’s method; (/») pri'cipitation method; (r) Fendler’s 
method; (d) tetra bromide method; (c) nitrosit(> nu-thod, 1974-1076. Analysis of rubber 
solutions — solvent; proportion of solids to solvent, I97t>-1977. Analysis of vulcanized 
nibber — moisture; water solubhr constituents; full scheme for analysis of vulcanized 
rubber, 1077-1970. Insjx'Ction of acetone extract. Detailed examination of the acetone 
e.vtract— total sulfur; safxmifiabie and unsaiKmifiabh? matter, 1979-19-SO. Un.saponi- 
fiable nruitter, lOyO. SaiKmifiable matter, I OS I. .\ccelerators, 19.S1. Examination of 
the cliloroform extract, 10S2. .Mcoholic; pota-^h extraction — determination of .sulfur and 
nitrogen in the extract, 10S2-l0SJk Determination of t(jtal fillers, 11)<S,3. Determination 
of sulfur— total .sulfur; Steven's metfu>d; Kay and Shar[>’.s metlKnl; bromine-nitric 
acid methrxl; zinc oxide-nitric acid metho<l; .sulfide sulfur — Steven’s method; sul- 
fate sulfur; sulfite sulfur; calculation of siJfur of vulcanization. Determination of 
selenium; determination of chlorine, 1 0.S^i- 1 0-SO. Qualitative test for glue; quantitative 
determination, 198fi-1087. Determination of cellulose — K|)stein and Mfxrrc's melhral, 
19S7-1988, Determination of inorganic fillers — list of fillers; separation of organic 
matter — Rcjthe’.s metliorl. I>rtermi nation of barium; nierctiry*; arsenic; antimony; tin; 
zinc; iron, chromitim, ahimirium; calcium; magnesium and alkali metals; silica and 
silicates; vermillhm, 108H-1001. Hard niblxT (elKmiU-), 1991. Reclaimed rublaT, 
1992. Gutta jatrclia and balata — siimpling; wa.shiiig h>s«; d(‘termi nation of mni.sture; 
resin; gutta fxrrcha and balata hydrwarlx>ns; dirt, 1992-1094. .Sejxi ration of balata 
and rubber, or girtta p(;rcha and niblxir — CJlrarlcaon's method, 1904. Physical U*Hts, 
Hf95-1997. Bibliography, 1097-1998. 



CONTENTS 


XV 


RUBBER COMPOUNDS AND COMPOUNDING INGREDIENTS 

Introductory, 1999. Standard methods for the analysis of rubber goods — acetone 
extract; chloroform extract; alcoholic alkali extract; free sulfur; total sulfur; ash; sulfur 
in ash; special determinations, 1999-2000. Preparation of sample, 2000. Reagents, 
2001. Methods of analysis — specific gravity; acetone extract; chloroform extract; 
alcoholic-alkali extract; free sulfur; total sulfur; alternative method; ash; sulfur in ash; 
barium sulfate; total antimony; antimony in ash; free carbon; detection of glue; nitrogen 
calculated as glue; unsaponifiable; hydrocarbons, A, B; rubber hydrocarbons by joint 
rubber insulation committee method; cellulose; barium carbonate; calculations; rubber 
as compounded; rubber by volume; results, 2002-2012. Interpretation of results — 
specific gravity, 2012. Extracts, 2012-201.3. Sulfur, 2013-2014. Ash— analysis of 
ash, 2014. Free carbon, 2011*5. Calculation of probable composition of stock, 2015-2016. 
Analysis of raw materials, 2016. Raw rubber, 2016. Reclaim, 2016. Accelerators and 
antioxidants, 2016-2017. Softeners, 2017. Fillers and reinforcing agents, 2018. 
Carbon black, 2018. Zme oxide, 2019, Color pigments, 2019, Solvents, 2019. 

SLAG ANALYSIS 

Introduction, composition of slags, 2020. Decomposition of the sample and analysis 
— general reverberatory slag; chilled blast furnace slag — determination of silica; lime; 
iron, 2021-22. Determination of other constituents in slags — alumina; manganese; 
2 inc; magnesia; copper-colorimetric; electrolytic and iodide methods, 2022-2025. 

METHODS OF ANALYSIS OF SOAPS AND SOAP PRODUCTS 

Introduction, 2026. Preparation of samples for analysis — cakes or bars; powders, 
flakes and chips; paste soap products; liquid soap, 2027. Methods of analysis — moisture 
and volatile matter (oven method), 2028; distillation method, 2028; total fatty acids, 
fatty anhydride, combined alkaU and anhydrous soap — soaps containing no coconut 
oil, 2029; soaps liigh in coconut oil, 2030; chlorides, 2030; unsaponified and unsaponifiable 
matter, 2031; unsaponifiable matter, 2032; free alkali or free fatty acid, 2032; sodium 
carbonate, 2033; determination of carbon dioxide, 2034; determination of sihea present 
as alkali silicates, 2034; borax, 2035; perborates, 2036; phosphates, 2036; sulfates, 
2037; total alcohol insoluble matter, 2037; water insoluble matter, 2038; glycerine, starch 
and sugar, 2038; volatile hydrocarbons, 2040; titer test, 2042; iodine value, 2043; saponi- 
fication value, 2043; acid value, 2044; rosin in fatty acids, 2044. 

WATER ANALYSIS 

General considerations, 2046, Sanitary analysis — organic nitrogen; chlorine; oxygen 
consumed. Physical tests— turbidity; color; odor — cold, hot; table; taste, 2047-2049. 
Chemical tests. Free ammonia; albuminoid ammonia; organic nitrogen; nitrogen as 
nitrite; nitrogen as nitrate; oxygen consumed; chlorine as clilorides; total solid residue, 
2049-2055. Interpretation of results, 2055-2057. Mineral analysis. Outline of 
procedure; silica, iron; colorimetric; aluminum, calcium, magnesium; manganese, 
pei'sulfiitemetliod; bi.‘?muthate method; sulfates — benzidine method; sodium, potassium 
and lithium; alkalinity, hydroxyl ion concentration; carbon dioxide — evolution method; 
acidity; hydrogen-ion concentration; free carbonic acid; chlorine; nitrates; ammonia and 
its compounds; total mineral residue; hydrogen sulfide; oil; dissolved ox>'gen by Winkler's 
method, 2057-2080. Methods for the determination of small amounts of lead, zinc, 
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copper and tin, 2080-2081. Hardness— total hardness; preparation of solutions; opera- 
tion; table; magnesium chloride; calcium sulfate; lime and soda value; methods of 
reporting and interpretation, 2081-2088. Field assay of water, 2088. Boiler room con- 
trol methods — introduction; solutions; determination of phosphate; Buromin method; 
sulfate; turbidimetric method; volumetric method, 2088-2093. 

Rapid methods for water analysis — special reagents; methods of procedure — 
chloride; carbonate, bicarbonate and hydroxyl; sulfate; alkaline earths; alkali de- 
termination, 2093-2097. 

Irrigating waters, 2098. 

MICROSCOPICAL EXAMINATION OF WATER SUPPLY 

Importance of the determination; table of odors of organisms, 2099-2101. Sampling 
for analysis, 2102. Scdgwick-Rafter method of examination — apparatus required; 
procedure; tabular outline identification of forms; list of organisms; identification of 
forms; control of microscopic organisms, 2102-2112. 

Table of chemicals required for treatment of different genera, 2113. Reference.s, 
2114-2115, 

Bacteriological examination of water — sampling; apparatus needed; adjustment of 
reaction; sterilization; nutrient broth; sugar brotli; nutrient gelatin; nutrient agar; 
eosin methylene blue agar; endo medium; brilliant green, lacto.se, i)eptone bile, 21 16-2123. 
Examination of water for total bacteria; examination for B. culi; subclassification of B. 
coli. Coli-acrogenes group— reaction chuy?ification; presumptive test; confirmed test; 
completed test; selection of coli-aerogenes tests; examination for B. typhi, etc., 2124-2133. 

MISCELLANEOUS ANALYSES 

Acetone — reagents; sample; procedure; .specific gravity ; acidity; water; color; residue; 
miscibility with water; KMnOi test; aldehydes. Analysis (jf acetone by Messinger's 
method, 2134-21,37. Alcohol — iletection and estimation — iodoform test; Berthelot’s 
test; ethyl acetate tost; Determination — distillation method; evaporation mctlaxi; 
analysis of grain alcohtd (ethyl alcohol, spirits of wine, c(j!ogne spirits) — ptT cent ethyl 
alcohol; non-volatile; acidity expressc*d :is acetic acid; aldehydes; qualitative; quantita- 
tive-reagents; procedure; furfural; I'sters express'd a,s ethyl aceriite; fiund oil; nitrates; 
sulfur compound.^, 2137-2111. Sp(‘oific gravity tables, 2142-2116. Methyl alcohol — 
detection by method of Riche and Hardy; by oxidation method; in presence of ethyl 
alcohol; analy;<is of mixtures of methyl acetate; methanol and W’atcr, 2 147-2 1 IH. Form- 
aldehyde — loach’s test; Hehner's test; morphine sulfate test; determination, 2149. 
(dyeeroi. Acetin method — reagents; method; calculation. Bichromate proees.s — 
reagents; method, 21.50-21.>l. IJght oil in coke oven gas — apparatus; procedure; 
distillation; calculation; volume of gas raquired, 21.54-21,56. Starch and starch products — 
sampling; preliminary' examination; moisture; ash; acidity; alkalinity; tost for alkaline 
starch or alkali; viscosity; converted starches — sampling, moi.sture a.sh; total acidity; 
vi.s(Kjaity; added rmiterials; sizing strength, 21.56-2158. Tannic acid — reagents; totU 
astringency — Dnventhal-Proctor method, 21.58-21.50. 

Bleaching pK)wder — sampling; available chloride; chIorat*s; totd chlorides; bas<*s 
and silica; free lime; quality; wood and coarwi impurities; proximate analysis for wirul 
and grit, 2150-2161. .\nalysi.s of clay — chemical analysis; alkalies; titanium; state of 
silica, 2161-2161, Analyses of glass — density; sample and determination of silica; lead 
oxide; ferric oxide and alumina; lime; magnesia; alkalies; Ixmc oxide; manganese dioxide; 
stilfur; barium oxide, separation from lime; factors, 2164-2169. Gla«j-making materials 
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— potash; feldspar, kaolin, China clay; barium carbonate; lime, 2169-2174. Printing 
inks — separation of oil and pigment; analysis of the oil; analysis of the pigment: {a) 
black inks; (6) blue inks; (c) red inks; {d) green inks, 2174-2180. Determination of 
peroxides — hydrogen peroxide — Kingzett's iodide method; arscnious acid method of 
Jamieson, 2180-2181. Sodium sulfide — complete analysis — water insoluble; total iodine 
titration; sulfides; thiosulfate and sulfite; alkalinity, polysulfide sulfur and sodium 
sulfate; sodium sulfhydrate liquor — calculations; sodium chloride; notes, 2181-2187. 

PART II. SPECIAL TECHNIQUES, APPLICABLE TO 
DIVERSE SUBSTANCES 

ACIDIMETRY AND ALKALIMETRY 

Indicators — classification; special uses; stock solutions, 2191-2192. Ultimate stand- 
ards; preparation of pure sodium carbonate, 2193. Preparation of standard acids — 
standard sulfuric acid; standardization; hydrochloric acid from constant-boiling acid; 
gravimetric determination; benzoic acid standard; standard alkali solution; standardiza- 
tion against potassium acid phthalate, 2194-2198. Preparation of reagents by specific 
gravity method, 2198. Standard burettes, 2199. 

TITRATION OF ACIDS AND ALKALIES 

Methods of weighing acids — dilute acids, non-volatile under ordinary conditions; 
concentrated acids, fmning or volatile under ordinary conditions; Lunge-Ray pipette; 
Dely weighing tube; snake weighing tube; Blay-Burkhard w^eighing burette, 2200-2203. 
Analysis of muriatic acid — total acidity and HCI; impurities in commercial hydrochloric 
acid, free chlorine; nitric acid or nitrates; sulfuric acid and sulfates; arsenic; barium 
chloride; total solids and silica, 2203-2205. Determination of specific gravity, 2205. 
Tabic of specific gravity for HCI, 2206-2209. Analysis of hydrofluoric acid — special 
apparatus; total acidity and hydrofluosilicic acid; sulfuric acid; sulfurous acid; residue, 
2209-2211. Complete analysis of nitric acid — determination of total acidity; sulfuric 
acid; hydrochloric acid; lower oxides determined as nitrous acid; nitric acid; iodine; free 
chlorine; total non-volatile solids, 2211-2214. Ferrous sulfate method for the direct 
determination of nitric acid-reagents; standardization of ferrous sulfate reagent; general 
procedure. Determination of nitric in sulfuric acid; evaluation of nitric acid or nitrates; 
Determination of nitric acid in oleum or in mixed acids; determination of nitric acid in 
arsenic or phosphoric acids, 2214-2219. Determination of nitrous acid or nitrite by 
piTmanganate method, 2219. Specific gravity table for nitric acid, 2220-2223. Volu- 
metric determination of phosphoric acid and its salts, 2224-2226. Specific gravity 
table for phosphoric acid, 2227. Analysis of sulfuric acid — procedure for titration with 
standard NaOH, 2228. Determination of impuritie.s in sulfuric acid — residue on heat- 
ing; lead; iron; arsenic; antimony; zinc; selenium; sulfur dioxide; hydrochloric acid; 
nitric acid; fluorine, 2229-2233. The analyses of oleum, or fuming sulfuric acid, and of 
mixed acid — total acids; lower oxides; sulfuric acid and free sulfuric anhydride; nitric 
acid; calculation of results, 2233-2237. Table of specific gravity for sulfuric acid, 
2238-2243. Method of analysis of chlorosulfonic acid, 2244. Volumetric estimation 
of free acid in the presence of iron salts, 2245, Organic aeids. Formic acid, 2246, 
Acetic anhydride-acidity method; aniline method, 2247-2248. Acetic acid-impurities; 
formic acid; furfurol; acetone; sulfuric, sulfurous, hydrochloric acids in acetic acid; 
metals in acetic acid, 2248-2251. Acetates, 2251. Specific gravity tabic for acetic 
acid, 2252. Carbonic acid — free; bicarbonate; carbonate, 2252. Citric acid, 2253. 
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Oxalic acid, 2253. Phenol (carbolic acid), 2253. Tartaric acid — acid potassium tar- 
trate, Oudeman's method; Goldenberg method for total tartaric acid; impurities in 
tartaric acid, 2254-2256. 

ALKALIES 

Analysis of sodium hydroxide — procedure; determination of impurities; sodium 
carbonate; sodiiun cliloride; sodium sulfate; sodium silicate; sodium alurainate; insoluble 
matter; ^Yater, 225o-22o7, Strength of caustic liquors by the hydrometer, 2257. 
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SAMPLING, 

PRELIMINARY TREATMENT 
AND 

APPLIED ANALYSIS 




STANDARD METHODS OF SAMPLING ‘ 
GENERAL OUTLINE FOR SAMPLING SOLIDS 
INTRODUCTION 

An accurate and uniform sampling procedure, applicable to all solid mate- 
rials from the viewpoint of both producer and consumer, would necessitate 
the standardization of an infinite number of details, and probably result in a 
very. cumbersome and impractical manipulation. It, therefore, appears ad- 
visable to first consider the various steps of the process of sampling, attempting 
their standardization and then applying this standardization to each particular 
product or group of related products. 

The process of sampling is divided into three major operations: 

1. The collection of the gross ” sample. 

2. The reduction of the “ gross ” sample to a proper and convenient size 
for transportation to the laboratory. 

3. The preparation of the sample for analysis. 

These essential points and the accuracy with which they are performed 
determines the value of the subsequent analytical results. Experimental data 
and general mathematical deductions make it possible to standardize these 
operations with a fair degree of accuracy. 

SAMPLING UNIT 2 

The sampling unit may be defined as that portion of the material which is 
chosen in such a manner that there is a high probability that it will contain 
the different sized particles of the material in the proportion in which they 
occur in the entire bulk of the material. Providing there are no great un- 
controllable irregularities in the material, the sampling unit, if taken under 
carefully prescribed conditions for each different class, should be properly 
representative of the material. However in order to obviate the necessity of 
specifying in great detail, and to guard against unforeseen sectional variations 
in the material, it is more expedient to select a number of sampling units, 
these depending upon the size of the shipment to be sampled, and combine 
these sampling units into one large sample called the Gross Sample.'^ 

The character of the material, size of the various particles, uniformity of 
composition and the prominence of any one or more constituents are factors 
governing the determination of the amount to be taken as the sampling unit. 
Without considering a mathematical discussion of the modulus of precision 
of a condition which would be impossible of duplication and in view of the 

A Chapter by J. B. Bamitt. 

, ^ See; Chemiyal Analysis of Aluminum, Aluminum Research Labs., 1935, pp. 1-3. 

Sampling and Evaluating Secondary Met^, T, A. Wright, Am. Inst. Min. & Met. 
Engineers, Tech. Pub. No. 81 (1928;. Also A. S. T. M. 1935 Proceedings, on Testing 
in the Precious Alloy Field. 
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experimental data compiled on the sampling of coal, it is safe to adopt, as the 
general sampling unit, an amount of material equal to ai)proximately 500 times 
the weight of the largest particle. If this is impractical, due to the presence 
of very large particles, and the material cannot be reduced by passing it 
through a crusher, it will be necessary to reduce, by hand, the large particles 
at the various sampling points so that the correct proportion of large particles 
can be included in the sampling unit. In some cases, however, a different 
bulk of sampling unit will be found necessary. 

COLLECTION OF THE GROSS SAMPLE 

The amount of material to be included in the gross sample depends more 
upon the size of the indi\ddual particles than upon the size of the shipment 
since it is simply a multiple of the sampling unit. When the shipment is 
large and frequent sectional variations do not prevail, and it is being trans- 
ferred by containers with a capacity approximately equal to the sampling 
unit, it is advisable to take the entire contents of a definite percentage of the 
containers as increments of the gross sample. 

WTien the accumulated gross sample is too large to handle conveniently 
as a unit, it is permissible to reduce the gross sam])lc in small sections l)y the 
standard procedure and subsequently combine the reduced ])ortions in the 
correct ratio. 

1. From Carload Lots 

(a) When the Material is to be Unloaded from Flat-bottomed Cars. — 

Divide the top surface of the car into eight equal areas and, from each of those 
sections, take approximately tlie equivalent of one sampling unit in the follow- 
ing manner: From a stable bank of the material, beginning from the bottom, 
take with a shovel, at regular and equal intervals from the bottom to the top 
of the bank, ten equal portions of the material as si)ecificd. Combine those 
sam[)Iing units for the gross sample. 

The stable bank may he obtained: 

1. By digging down to the bottom of the car at the center of each .section. 

2. As the center of each section of the car is reached during the ordinary 
proces.s of unloading ])y shoveling or otherwise. 

(h) When the Material is Being Transferred from or to the Car by Means 
of Wheelbarrows, Tram-cars, Wagons, etc.— Take the .specified increment 
according to the material in question from a sjjecifiod number of conveying 
containers. Combine these increments for the gross sample. When at any 
point a particle is encountered which is larger than the specified increment 
it should be broken down and a portion of it included in tlu^ sarnj)Ie. 

(c) When the Material is Dumped from a Hopper Car into a Hopper, Bin 
or Pile. — Under these conditions, the sample is taken from the resulting cone- 
shaped pile by beginning at the bottom outer edge of the pih; and taking the 
specified increment, according to the character of tin; material, every two feet 
on a .straight line to the apex of the cone. This operation is ro[>eated on each 
quadrant of the pile. The entire [>rocodure is refloated after each cur has 
been dumped and all increments combined for the gross .sample. 
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2. From Wheelbarrows, Barrels, Bags, Tram Cars, Carts, Trays, etc. 

(a) From a specified number of containers, take the specified increment 
and combine them for the gross sample. 

(b) Take the entire contents of every nth container and combine them for 
the gross sample.® 

(c) If the material is fairly uniform ^ and composed of small particles, 
sample the container by taking ten equal specified increments uniformly dis- 
tributed on two right angle diagonals across the surface of the container. 
Sample the specified number of containers in this way and combine the several 
portions for the gross sample. 

3. From Crane Buckets, Cars, Carts and Similar Containers, 
Chutes, etc. 

(а) If one container amounts to less than one sampling unit, take every 
10th load and combine these for the gross sample. 

(б) If one container amounts to approximately 1-3 sampling units, take 
every 20th load and combine these for the gross sample. 

(c) If one container amounts to more than three sampling units, take every 
50th load and combine these for the gross sample. Note: When very large 
shipments are being sampled by the above procedures very large gross samples 
will result which would be difficult or inconvenient to reduce to the laboratory 
sample. In this case the gross sample may be reduced periodically as follows. 
At regular intervals, representing a definite number of tons, the gross sample is 
quartered, one (piarter reserved and three quarters returned to the main 
bulk. The total combined quarters thus reserved arc mixed by shoveling 
into a cone-shaped pile and then further reduced by the Standard Procedure 
to the lalioratory sample. 

(d) When the material is composed of particles one inch or less in size, 
take a specified increment from every ri th container. 

(c) When the material is being dumped into a crusher from which it flows 
or is flowing, from a drying kiln or other process kiln, the material may be 
sampled by taking specified increments from the outflowing stream at stated 
regular intervals.^ 

4. From Shipiiolds, Scows, Hoppers, Hopper-cars, Bins, Storage 
Piles, etc. 

In this case the material may be sampled in any of several ways. 

(a) According to the previous section 3, while loading or unloading. 

(b) According to the section 1, for carloads while unloading or loading. 

(c) While using material from a storage pile, daily or periodic samples may 
be taken as follows: On ten vortical lines from the bottom to the top of the 
face of the jiile distributed at uniform distances across the face, take ten equal 

• In ca.ses wlicrc experience indicates the procedure to be Justifiable, it may be per- 
missible to take a portion of tlie contents of every nth container. 

* Relatively few materials are sufficiently uniform to be sampled in this manner. 

® A more thorough method of sampling is used for materials containing precious 
metals. 
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specified increments at equal distances from bottom to top. Combine these 
increments for the gross sample over any desired period. 


SAW METHOD 


cm 

TTD 

— ' ! ! i ! 




Templet 




SAMPLE PUNCH 




Fio. 151. Apparatus for Sampling Solida. 


Sect. 1. Thief for Rampling solids diameter or smaller Openings to rorre- 
spond. Both tubes hollow and to be made from sheet bra.ss (hard). Inside tul)c 
to fit snugly into outside tube. Point to be steel c»r inm. 

Sect. la. Saw Methwl of Sampling Pigs. The bars are sampled In sets of five, 
according to Template as shown. is sharpened on Kmery Wheel U) size and shape 

here shown. 

Sect. 16. Punch Method of Sampling Pigs.® The bars wlerted w samples are 
placed in a line, with every other bar, Iwttom side up. Tbe .sampling is done according 
to template in sets of five bars each, as indicated above. The punch mast he driven 
almcxst through the bar. If a large sample is desired, the bars arc turned over and 
sampled on the other diagonal. 

Sect. Ic. Sample Punch. 


■ Lead is best sampled when molten ("gum-drop” method) rather than in pig form. 




STANDARD METHODS OF SAMPLING 


1305 


5, For Powdered Material 

When the material is a fine powder or is composed chiefly of material under 
2 mm. and contains a small amount of unsegregated particles up to 10 mm, 
in the largest dimension, the sampling unit is taken by means of a specially 
designed thief (Fig. 151) or by means of a suitable shovel, dipper, etc. 

(a) From large shipments, as shipholds, scows, barges, cars, etc. On a 
line through the center of the holder lengthwise, take portions with the thief 
every five feet. Repeat this operation on each of two lines parallel with and 
half way between the first line and each side of the holder. Combine all the 
portions for the gross sample. If the shipment is composed of more than 
one holder, combine the portions from each holder into a composite gross 
sample. 

(b) From tram cars, carts, buggies, etc. 

Take a specified portion from each holder with the thief or shovel and 
combine all portions for the gross sample. 

(c) From barrels, bags, wheelbarrows, etc. 

Take a portion from every nth container and combine the portions for the 
gross sample. 

(d) From small piles (not more than six feet in height). 

With the thief, take one portion vertically at the peak of the pile and one 
vertically at each of ten points uniformly distributed along a line around the 
pile half-way between the peak and the edge of the pile. Combine these 
portions for the gross sample. 

(e) From a well-mixed bulk of material (from mixers, packing machines, 
etc.). 

After allowing a specified quantity, according to the condition of the 
material and type of apparatus, to flow past the sampling point, take the 
specified quantity for a sample. Periodic samples may be taken in the same 
manner, as often as desired. 

6. From Wet Material 

Wet materials arrange themselves in several classes ; 

When the material is thoroughly wet but not dripping, take the sample 
by any of the foregoing suitable procedures, keeping the collected portions 
in moisture-tight containers, 

(a) When water is dripping from the material, take the sample as prescribed 
for the particular material by one of the foregoing procedures and allow the 
total gross sample to drain, the drainage and remainder of the sample being 
weighed and recorded. If further elimination of w^ater is necessary either by 
air drying, artificial drying or pressing, before the gross sample is reduced 
to the laboratory sample, the total water eliminated must be calculated and 
taken into account in the final evaluation of the material to the original wet 
condition. In case this water carries some of the material in solution, it will 
l3e necessary to ascertain the amount of this by analysis and include the results 
in the final evaluation. 

{b) Wfien fine solid material is non-uniformly suspended in a liquid several 
vertical sections of the material may be taken by means of a specially designed 
thief and combined for the gross sample. (See general outline for sampling 
liquids.) 
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7. From Hygroscopic or Deliquescent Materials 

(rt) When such material is contained in airtight containers which may be 
readily opened and closed, take a sample by means of a thief (Sect. 1), when 
the material does not contain resistant particles, larger than 34 inch in cross 
section or, otherwise, by means of a small scoop or shovel. These increments 
should be placed and retained in an air-tight receiver until ready for the 
analysis.' 

(6) When such material can be sampled while being transferred to the 
final container for shipment, small and equal increments at uniform and regular 
intervals, are taken directly from the stream by means of a suitable dipper 
and combined for the gross sample. 

8. From Kilns, Roasters, Dryers, Furnaces, etc. 

This class of material constitutes a special case, and, consequently the 
size of sampling unit and manner by which it may bo taken will be specified 
according to the size of particles and character and condition of the material. 

9. Sampling Non-ferrous Metals and Alloys * 

(a) In the Form of Pigs, Billets, Ingots, Sheets, Slabs, etc. — One pig, etc., 
should be taken to represent each ton of metal iei the lot and each of these 
should he sampled by one of the following methods after thoroughly cleaning 
the .surface to be sampled. 

1. By sawing completely through the specimen as illustrated by Sect, la, 
Fig. 151. The sawdust from all the .specimens is then thoroughly mixed and 
quartered down on a clean surface and the required amount of sample drawn. 

2. By punching or drilling completely through if the equipment permits, 
or halfway through from two opposite sides as illustrated by Sect. Ic, 16, 
Fig. 151. In this case the holes shall be spaced along a diagonal line from one 
corner of the specimen to the other. kSampling in this manner may be so 
arranged that one or more holes are made in each of .several specimens of a 
group in such positions that they represent consecutive positions on the diag- 
onal of a single specimen. (See illustration in Sect. Ic.) These i)unchings or 
drillings are carefully melted in a clean graphite crucible, and cither granulated 
by carefully pouring into distilled water and thoroughly drying, or by casting 
into thin slal)s which may be sawed completely through in several places and 
the sawdust treated as de.scribed above. Drillings may be chij)pe(l and mixed 
if convenient. 

(b) In the Fonn of Sheets. — In sampling brass discs, and sheets, when 
they can be crated so that the edges are flush, recourse can be made to a port- 
able milling machine operated by a ]/i IFF. electric motor run transver.‘^cly 
across the edges, so adjusted that only a very thin milling is taken from each 
disc or sheet. These are coned and quartered ft)r the sam[)le. By this method 
the serviceability of the disc or sheet is not destroyed, and the conipietenes.s 

^ Readily oxidizable material must Ije stored in similar fxshion (iron pyrites, etc.). 

*See K. Keller, Bur. Mines Bulletin, 122 (1916), 105 pp. For steels, ore.s, etc., see 
Method.^ of the Chemists of the U. S. Steel Corporation for Samf>ling and Analy.'^is 
of Iron Ores, etc. Fubl. by Carnegie Steel ('o., l^ittsburgh, Pa. See A. S. T. M., 
E 30-36, pp. 2-6, Methods of Chemical Anaiy.si.s of Metals (1936). 
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of the sampling depends only on the accuracy of adjusting the edges in the 
crate. 


PROCEDURE FOR REDUCING THE GROSS SAMPLE 

By combining the several sampling units, the gross sample is obtained 
which should now be so large that large single chance particles of material 
could be entirely foreign matter or entirely pure substance and affect only 
slightly if at all the final sample. Increasing the size of the gross sample 
increases its accuracy, but cost and convenience of collection and reduction 
of sample, limit the degree to which this can be carried to advantage. The 
reduction of the gross sample to the laboratory sample is an operation which 
must be performed with accuracy and precision. Automatic machinery and 
labor and time saving devices may be used for this operation adhering closely 
to the following general scheme with the exception that some materials of 
uniform comparison need not be finally reduced as small as 6 mm. — 4 mesh — 
while it may be necessary to finally reduce other material to .14 mm. — 100 
mesh — or finer. 

In sampling large shipments, the gross sample may become excessively 
large and unwieldy. This may be obviated by periodically reducing the gross 
sample by the Standard Long Pile and Alternate Shovel Procedure, and sub- 
sequently compositing these reduced portions for the final gross sample. 


REDUCTION OF THE GROSS SAMPLE 

(Approx. 1000 lbs.) crushed to about 22.6 mm. — 1 mesh; thoroughly mixed 
and halved by the Long Pile and Alternate Shovel procedure. 

Discard One-half crushed to about 16 mm. — 1.5 mesh; mixed and halved by 
the T.ong Pile and Alternate Shovel procedure. 

y 2 Onc-half crushed to about 11.3 mm. — 2 mesh; mixed and halved by 
the Long Pile and Alternate Shovel procedure. 

Yi One-half crushed to about 4 mm. — 5 mesh; mixed by rolling on can- 
vas; halved by Cone and Quartering procedure. 

Y Onc-half ground to about 2 mm. — 10 mesh; mixed by rolling on 
canvas; halved by rilfiing (or sampling machine) or by the quar- 
tering procedure. 

Y 2 One-half mixed and riffled down to about 8 lbs. 

The entire eight pounds is then further reduced and the required sample 
taken according to the character of the particular material. 

A portion for the determination of moisture may be taken at some point 
during the reduction according to the character of the sample and manner 
in which the moisture test is made. When a moisture sample is wanted it is 
necessary that tlio sampling units be collected and stored under conditions 
whereby moisture would not be lost or absorbed. The mixing, crushing and 
halving operations, preceding the taking of the sample for moisture should 
be accomplished as rapidly as possible. 

In case the gross sample contains an excessive amount of water which would 
be lost in the subsequent operations necessary to reduce it to the laboratory 
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sample, it should be kept in a tight container during the collection of the 
various increments, after which it is weighed and allowed to air-dry, or it 
may be dried artificially, and reweighed. It is then in a condition to be re- 
duced to the laboratory sample according to the above schen^e, taking into 
account, of course, the moisture thus driven off from the original gross sample 
in the final calculation for the evaluation of the material. 


REDUCTION OF GROSS SAMPLE (LONG PILE AND ALTERNATE 

SHOVEL) 

This procedure is based upon the method recommended and used by the 
U. S. Bureau of Mines. 
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1. Thoroughly mix the entire gross sample, after crushing in a suitable 
manner until all pieces are approximately one inch or less in any dimension, 
by shoveling it into a cone-shaped pile, depositing each shovelful on the apex 
of the pile (Fig. 152, A and B), 

2. Shovel all of the material into a pile about the width of the shovel and 
approximately 10 feet long according to the total amount of material, spreading 
each shovelful uniformly over the whole length of the pile, beginning alter- 
nately from opposite ends (Fig. 152, C). 

3. Divide the long pile into two equal portions by beginning on one side 
of the pile, at either end, and take successive shovelfuls, advancing each time 
by the width of the shovel around the pile, combining the first and every 
alternate shovelful into a neat cone-shaped pile as in No. 1 and discarding the 
second and every alternate shovelful (Fig. 152, D and F). 

•4. Repeat the above operation on the reserved portion until a portion of 
about 500 lbs. is obtained. 

5. Crush the material until no piece is greater than approximately three- 
fourths inch in any dimension, and then repeat the above operation (No. 3). 

6. Crush the material until no piece is larger than approximately one-half 
inch in any dimension and then repeat the above operation (No. 3). 

7. A portion of about 125 lbs. is now obtained which is further reduced 
by the Cone and Quartering Procedure.’^ 


REDUCTION OF GROSS SAMPLE (CONE AND QUARTERING) 

1. Mix the material amounting to about 125 lbs. by crushing to pass a 
4 mm. — 5 mesh — sieve and shoveling into a neat cone (Fig. 152, F and G). 

2. Flatten the cone by pressing the apex vertically down with the shovel or 
board so that, when quartered, each quarter will contain the material originally 
contained therein. 

3. Divide the flattened pile into equal quarters by passing a straight edge 
board vertically twice through center of the pile at right angles, each time 
drawing half of the pile a few inches to 
one side (Fig. 152, H and /). 

4. Discard two opposite quarters and 
brush away all fine particles from the 
exposed surface (Fig. 152, J). 

5. Crush the remaining quarters to 
pass a 2 mm. — 10 mesh — sieve. Mix 
thoroughly by shoveling into a neat cone. 

6. Repeat operations No. 3 and 4 or 
riffle to about 20 pounds. 

7. Grind the retained sample to pass 
a .85 mm. — 20 mesh — sieve. Mix the 
material thoroughly on a clean canvas 
by raising alternate opposite corners of 
the canvas, thus rolling the material 
from side to side one hundred times (Fig. 152, K and L). 

8. Treat the sample further as required by the particular material b^ing 
sampled. 

* Courtesy of Sturtevant Mill Co. 



Fia. 153.® Jaw and Toggle Crusher for 
Coarse and Medium Grinding. 
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It is, of course, impossible to reduce hygroscopic or deliquescent gross 
samples to the labf)ratory sample according to the above scheme unless they 
can be dried or otherwise transformed into a stable condition. When it is 
necessary to reduce such material it should be done rapidly and by hand, 
under the most favorable atmospheric conditions in regard to humidity, etc. 
When a large sample is taken for analysis the extent of the reduction of the 
sample will depend upon the size of the sample taken for analysis. 


APPARATUS FOR REDUCTION AND PREPARATION OF THE 

SAMPLE 

Any sampling system which does not properly control the ratio of the size 
of largest particle to the size of sample can not he depended u|>on to produce a 
representative sample. The proper ratio for almost all material will be ob- 
tained by following the procedure outlined under the heading “ IVocedure for 
Reducing the Gross Sample.” This reduction process is greatly facilitated 
by the use of suitable crushers, grinders, riffle samplers and mixing devices. 
The following examples of such ap])aratus are therefore given as an aid to the 
designing and equipping of the sampling room, the size and capacity of which 
will be determined by the number, character, and size of the gro.ss samples to 
be handled. 



I’m. IM.*® Crusher and Grinder in Cross Section. 


Crushers. — A jaw and toggle crusher is shown in Fig. 153. This is a sat- 
isfactory crusher for coarse, medium and fine crushing and permits a con- 
siderable range of adaptability to suit varying cfindition.s and reijuiroinents. 
Simple adjustments allow the capacity to be varied from about 200 pounds 
per hour for the fJrod action of fine material to 700 pounds jx'r Inuir for coarser 
materia! when considering only one of the several sizes of this type of crusher. 
The parts arc readily accossi)/le for cleaning and repairing. Hy means of this 
type of crusher it is pos.^iblo to reduce the material to about 4 mesh. 


By rourte.sy of Sturtevunt Mill Co, 
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Fig. 155-“ Roll Grinder for Brittle Material. 



Fig. 156. Roll Grinder with Case Lifted to Show Interior. 


By courtesy of Sturtcvant Mill Co. 
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Fio. 157.“ Disc Grinder Ready to Run. 



Fia. 158.“ Disc Grinder Open for Cleaning. 



Fia. 159.“ Crusher Open for Cleaning. 


“ By courtesy of Sturtevant Mill Co. 
“ By courtesy of Sturtevant Mill Co, 
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Grinders . — Gvinden are necessary for reducing the material finer than 
4 mesh and may be of the roll, disc or coffee mill type, according to the char- 
acter of the material. 

Roll grinders are especially adapted for brittle material. Figures 155 and 
156 illustrate a type of roll grinder which may be readily cleaned and has a 
capacity of 100 to 1,000 lbs. per hour when producing a reduction to a fineness 
of 60 mesh and 2 mesh respectively. Disc grinders have a somewhat greater 
range of adaptability than the roll grinder and will reduce brittle or tough 
material to a high degree of fineness. The grinding is accomplished between 
a stationary and a revolving steel or iron disc, the output being small and fine 
or large and coarse according to the adjustment. Figures 157 and 158 illus- 
trate a satisfactory type of disc grinder. 



Fig. 160 . Combination Crusher and Sampler. 


The coffee mill type of grinder is adaptable to soft or tough materials 
which have a tendency to stick to the rolls of the roll grinders or to clog the 
discs of some types of disc grinders. Many kinds of coffee mill type grinders 
have been developed from which selection can be made according to the 
character of material under consideration. Figures 155 and 157 illustrate very 
good coffee mill types. When reducing material to extreme fineness the ball 
mill, special small laboratory grinders, the bucking board and mortar and 
pestle are always applicable for small samples. 

Another type of crusher and grinder which has been developed particularly 
for sampling coal is shown by Fig. 154. This crusher will reduce the material 
and deliver an accurate ten per cent sample in one operation. By repeating 
the operation on the aliquot the sample may be further reduced. 

For many materials this crusher would serve to entirely reduce the gross 
sample to the laboratory sample with a very small amount . of labor. 
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MIXING AND DIVIDING SAMPLES 

Large samples (500 lbs. or more) are usually mixed and divided by the 
Long Pile and Alternate Shover' procedure or (500-100 lbs.) by the ** Cone 
and Quartering ” procedure. 

Small samples (less than 100 lbs.) are usually mixed by rolling on a clean 
canvas, whereby the particles are given a rolling motion in alternately opposite 
directions, the dividing being done by quartering or, more accurately and 
rapidly, by passing it through some form of a riffle. A convenient and service- 
able type of riffle is illustrated by Fig. 161. Another and more simple type is 
shown by Fig. 162. 




RiFFLE SAMPLER 
Fig. 161. 



Fio. 1G2. 


Fig. IGL Riffle Sampler, “a/’ cover to fit tightly over one of the boxes with 
slot in rounded tojis — also fitted with two lugs which fit in ends of riffle and help to 
rock evenly. 

Fig. 162 . The cut shows the apron of the cylimler of this machine of)on for re- 
ceiving the sample.^ After the sample is |x)ured in, the apron’s ix>sitinn is shifted, a 
being moved to a'. *The cylinder is then revolved counten lorkwi.^ic. The rioseil sides 
of the riffles plow' through and thoroughly mix the .sample, and no sample can be dis- 
charged through the riffle while the cylimler Is revolving in this direction if the level of 
the sample i.s below the axi.s of tlie cylinder. After the sample ha.s l>cen mixed the 
cylinder i.s rotated one turn clrjf'kwise; the .■^iiniphr in the (‘y Under Is then cut by the 
planes of the riffle and half of it i.s disr barged into the re<’eiving tray. The sjimple 
remaining is again mixed by revolving ll>e cylinder countereloekwi.M*. liy alternately 
changing the direction, the .‘-ample is alternately inixotl and halved until twice the size 
of sample required re maims in the eylinder. The tray i.s then emptied of the discan led 
material, and the sample remaining, mixed and halved, and the Nimpie caught in the 
tray Ls lx>ttled and becomes the official sample, while the .s^imple remaining in the cyl- 
inder i.s bottled and held as the n^serve ,«ample. The intfTior of the machine is ea.sy of 
acces.s and should be bru.shed clean after each .s^impling o|x;ration. 


THE USE OF STANDARD SIEVES 

This section is based upon the specifications Issued by the U. S. Bureau of 
Standards^ (1912) and adopted by the Amer, Inst, of Mining Engineers (1917). 
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The essentia] quantity in the definition of a sieve of a particular size is, 
primarily, the size of the openings through which the particles to be sifted 
are to pass. 

A series of sieves of different sizes should have the openings vary uni- 
formly, according to the size of the particles desired to separate. Inasmuch 
as most of the grinding of substances to fine particles is chiefly with the ob- 
ject of increasing the surface upon which some chemical action is to take place, 
the opening of such a series of sieves should vary in such a way that the square 
or fourth powers of the width of the openings shall form a geometrical series. 


Designation of 
Sieve, Metric 
System 

Customary 

Usage 

Opening 

Number of Mesh per 
Linear 

1 Diameter of Wire 

Mm. 

Iiieli 

Centimeter 

Inch 

Mm. 

Inch 

128 

mm. 


128.0 

5.04 



9.5 

0.375 

90.5 

mm. 


90.5 

3..56 



9.0 

0.375 

64 

mm. 


64.0 

2.. 52 



6.4 

0.25 

45.3 

mm. 


45.3 

1.78 



5.26 

0.207 

,32.0 

mm. 


32.0 

1.26 



4.85 

0.192 

22.6 

mm. 

1 me.sh 

22.6 

0.891 



4.11 

0.162 

16.0 

mm. 


16.0 

0.630 



3.05 

0.120 

11.3 

mm. 

2 mesh 

11.3 

0.445 



2.67 

0.105 

8.0 

mm. 


8.0 

0,315 

1.0 

2.54 

2.00 

0.079 

,5.66 

mm. 


5.66 

0.223 

1.4 

3.56 

1.48 

0.058 

4.00 

mm. 

5 mesh 

4.00 

0.157 

2.0 

5.10 

1.00 

0.039 

2.83 

mm. 


2.83 

0.111 

2.75 

7.00 

0.81 

0.032 

2.00 

mm. 

10 mesh 

2.00 

0.079 

3.9 

9.9 

0.56 

0.022 

1.41 

mm. 


1.41 

0.0555 

5.0 

12.7 

' 0..59 

0.0232 

1.00 

mm. 


1.00 

0.0394 

7.0 

17.8 

0.43 

0.0169 

.85 

mm. 

20 mesh 

0.85 

0.0335 

8.0 

20.3 

0.40 

: 0.0157 

.71 

mm. 


0.71 

0.0280 

9.0 

22.9 

0.40 

^ 0.0157 

.,59 

mm. 


0.59 

0.02,32 

10,0 

25.4 

0.41 

0.0161 

.5 

mm. 

30 mesh 

0.50 

0.0197 

12.0 

,30.5 

0.33 

0.0130 

.42 

mm. 


0.42 

0.0165 

14.0 

35.6 

0.29 

0.0114 

.36 

mm. 

40 mesh 

0.36 

0.0142 

IG.O 

40.6 

0.26 ■ 

0.0102 

.29 

mm. 

50 mesh 

0.29 

0.0114 

20.0 

1 50.8 

0.21 

0.0083 

.25 

mm. 

60 mesh 

0.25 

0.0098 

23.0 

58.4 

0.185 

0.0073 

.21 

mm. 

70 mesh 

0.21 

0.00v83 

27.0 

68.6 

0.16 

0.0063 

.17 

mm. 

SO mesh 

0.17 

0.0067 

31.0 

78.7 

0.15 

0.0059 

.14 

mm. 

100 mesh 

0.14 

0.0055 

39.0 

99.1 

0.116 

0.0046 

,125 

mm. 

120 mesh 

0.125 

0.0049 

47.0 

119.4 

0.0S9 

0.0035 

.105 mm. 

150 mesh 

0.105 

0.0041 

59.0 

149.9 

0.064 

0.0025 

.088 mm. 

170 mesh 

0.088 

0.0035 

67.0 

170.2 

0.061 

0.0024 

.074 

mm. 

200 mesh 

0.074 

0.0029 

79.0 

200.7 

0.053 

0.0021 

.062 

mm. 

250 mesh 

0.062 

0.0024 

98.0 

248.9 

0.040 

0.0016 

.052 

mm. 

280 mesh 

0.052 

0.0021 

110.0 

279.4 

0.039 

0.0015 

.044 mm. j 

325 mesh 

0.044 

0.0017 

127.0 

323.0 

0.03,5 

0.0014 


While the sampling process does not require extremely accurate sieves 
it is advisable tu use those which conform approximately to a standard speci- 
fication. Consequently whenever reference is made to a sieve it will be under- 
stood to comply with the following specifications, which have been adopted 
by a conference of representatives of various scientific and technical societies, 
government bureaus, and private firms, held at the U. S. Bureau of Standards. 
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This sieve scale is essentially metric. The sieve having an opening of 1 mm, 
the basic one and the sieves above and below this in the series are related 

to it by using in general the square root of 
2 (1.4142), or the fourth root of 2 (1.1892), 
as the ratio of the width of one opening to 
the next smaller opening. The first ratio is 
used for openings between 1 mm. and 128 
mm. while the fourth root of 2 is used as the 
ratio for openings below 1 mm. to give more 
sieves in that part of the scale. 



CONTAINERS FOR SHIPMENT 
TO LABORATORY 


Fig. 163. Drj'er for Coarse Sam- 
ples. The outlet for air at the top 
may be connected with a chimney 
or any other device which will fur- 
nish a suitable draft. The sample 
is spread on tared pans, weighed, 
and dried at 10“ to 15“ C. atwv^e 
room temperature, and weighed 
again. The drying should be con- 
tinued until the loss in weight is not 
more than 0.1 per cent per hour. 


Samples in which the moisture content 
is important should always be collected and 
shipped in moisture-tight containers. A 
galvanized iron or tin can with a screw top 
which is sealed with a rubber gasket and 
adhesive tape is best adapted to this pur- 
pose. Glass fruit-jars sealed with rubber 
gaskets may be used, but require very care- 
ful packing to avoid breakage in transit. 


Pilot light 



3 point 
switch heaii^ 


HMtIng unit 
dipi 


J/ /a.. 1.1.^ ,2., 0.i., 

gUss door insuftttd 
Httiting unia door 

Fio. 164, 



Flo. 165. 


Figs. 164 and 165. Drying oven, triple walled, with a layer of air entirely sur- 
rounding the inner chamber, the temj^rature of this layer being practically the same 
as that of the air in the chamber. This approaches an adiabatic coast ruction which 
has been approved by the Bureau of Standards as the best type of design for calorimeters 
and other constant temperature devices. By this construction together with a heavy 
outer iiLSulatiun, heat exchanges between the inner chamber and the r<x>m outside are 
practically entirely prevented, and as a result of uniformity of temperature is secured 
in the heated space. The drying chamber should be entirely shielded from direct 
radiation from the heating units, and into every (»rt of which heat should be carried 
by convection currents. 
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Samples in which the moisture content is of 
protection from loss of moisture. 

DRYING OVENS FOR MOISTURE 
DETERMINATION 

Samples may be dried by means of a forced 
draft of air at a slightly elevated temperature, 
or by heating at 100-110° C. in a well- ventil- 
ated oven until a constant weight is obtained. 
The former procedure is particularly adapted to 
material which has a tendency to undergo un- 
desirable chemical or physical changes upon 
prolonged heating at elevated temperatures or 
for rapidly removing extraneous moisture pre- 
paratory to grinding. The latter procedure is 
usually employed for quantitative determina- 
tions on small finely ground samples. In either 
case a good system of ventilation and a definite 
uniform temperature are the chief considerations. 


no importance need no special 



Fig. mM 


High Temperature Ovens, for 
operation from room tempera- 
ture to 260“ C. 



Fio 167.W Vacuum oven. Supplied with a vacuum chamber which may be easily 
removed, permitting the oven proper to be used as a regular drying oven when the 
vacuum feature is not desired. Moisture test of flour can be made in five hours at 
/o t-., while in an ordinary oven at 100° C. from ten to twelve hours are required 
^ general, i.e., for fertilizers where the tests 

r the lowest possible temperature to avoid driving off nitrogen com- 
fWp powder where there is great danger of igniting the sample; for milk where 
there 13 gr^t danger of charring; for operations involving essential oils, etc. 
dioxide nr conducted in an atmosphere of hydrogen, nitrogen, carbon 

Sas through 


By courtesy of Arthur Thomas Co. 


By courtesy of Central Scientific Co. 
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Figure 163 illustrates an oven for drying large samples by means of a cur- 
rent of heated air. Figures 164 and 165 show a type of oven with a good 
ventilating system. Figure 166 shows another type of oven, while 167 illus- 
trates a vacuum drying oven which may be necessary for special work. 
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GENERAL OUTLINE FOR SAMPLING LIQUIDS 

In general, a uniform and representative sample of liquid material is a 
feasible possibility because of the usual absence of segregated constituents, 
the ease with which the separate components may be intimately mixed, and 
the degree of comminution to which a liquid may be subjected without pro- 
ducing a separation of the individual components. 

When the liquid is thin, non-viscous, and does not contain immiscible 
constituents, a homogeneous condition usually exists, and a sample from any 
part of the bulk is sufficiently representative of the whole. When viscous or 
immiscible materials are present, a heterogeneous condition usually exists and 
extreme care must be exercised to obtain a thoroughly representative sample. 
The proper selection of a representative sample of a liquid therefore, involves 
a consideration of the physical laws of liquids, their chemical activity, the 
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miscibility of all components, and the interference of any insoluble materials 
carried by the liquid. 

The sampling of liquids is divided into the three following classes ; sampling 
liquids in quiescent state, sampling liquids in motion, sampling special liquors, 
e.g., immiscible liquids, volatile liquids, liquids carrying sediment, etc. 


SAMPLING LIQUIDS IN QUIESCENT STATE 

All liquids not in motion may be sampled by obtaining portions at specified 
points from the top to the bottom of the liquid by means of a suitable sampling 
apparatus. 

1. From Storage Tanks, Tank Cars, Boats, Evaporating Kettles, Vats, 
Crystallizers, Mixers, Settlers, etc, 

(a) If the liquid has been thoroughly agitated or is known to be reasonably 
uniform in composition, transfer several portions to a container by means of 
a suitable dipper, the several dippings being taken promiscuously throughout 
the mass of liquor. 



Fig. 168. Sampling Liquids Apparatus. 
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(6) If the character and condition of the Liquid is such as to permit the 
formation of zones of different composition, obtain samples by means of a 
suitable apparatus as shown by Fig, 168, whereby proper proportions of the 
liquid are taken at every point from the top to the bottom. Combine these 
samples for the gross sample and, after thoroughly -mixing, bottle the required 
samples (Fig. 168). By slowly lowering the sampling bottle into the liquid 
with the outlet (il) open, a portion of the liquid from every point passes through 
{B) into the bottle, whereas if outlet (A) is kept closed until the desired depth 
is reached, the entire sample may be taken at any desired point. 

Lead, wood, or any other material which is resistant to the liquid may be 
substituted for the iron parts of this device, according to the character of the 
liquid being sampled. Under some conditions it will be necessary to substitute 
a ground glass stopper for the rubber one. Openings of different sizes can be 
attached at (A) to govern the rate at which the sample will flow into the bottle. 



Fig. 169. Sampling Liquids 
Apparatus- 


(c) Take a sample from the upper, mid- 
dle, and lower levels of the liquid by means 
of a sampling device similar to that shown 
by Fig. 168, by keeping the outlet tube A 
closed until the container has been lowered 
to the desired depth. 

2. From Drums, Carboys, Barrels, etc. 

(a) By means of a thief (Fig. 169) take 
proportional fractions from each container. 
Combine and mix these increments for the 
compo.site gross sample. Bottle the amount 
required for the sample. If the contents 
of the container are such as to preclude 
thorough mixing or if the material has a 
tendency to form strata of varying compo- 
sitions, the open thief should be lowered 
into the liquid at such a rate as to keep 


the levels of liquid inside and outside of the thief very nearly equal, in order 


to include portions at all points from the top to the bottom of the liquid. 


SAMPLING LIQUIDS IN MOTION 

3. From a Pipe or Coxduit Carrying a Continuous Full Flow under 
A Constant or Varying Head 

(a) A continuous or intermittent sample may be taken by inserting a 
small pipe into the line on the discharge side of the pump or propelling force 
of the flow. This sampling tube should extend one-half of the distance to 
the center of the flow, with the inner open end turned at an angle of 90^ and 
facing the flow of the liquid. The sampling tube may he supplied with a 
stopcock in order to regulate the flow into a receiver. The amount drawn 
during the period of taking a continuous sample constitutes the gross sample. 
In this instance the stopcock should be adjusted at the beginning of the sam- 
pling period, to give the desired flow and no readjustment made during the 
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sampling period. Intermittent samples may be taken by opening the stop- 
cock for a definite period of time at definite intervals. The combined inter- 
mittent samples then constitute the gross sample. 

4. From a Pipe or Conj)Uit Carrying a Varying Fraction of Flow 

(a) By means of a sampling weir similar to the apparatus shown by Fig. 
171, a definite fraction of varying flow can be collected over a required period 



of time. This gross sample may be mixed and a portion taken for the final 
sample or by connecting two or more of the above devices in series ; a small 
representative sample may be collected automatically, e.g., if one million gal- 
lons of liquid per day are passing through a pipe or conduit line at an irregular 
rate, it could be sampled by conducting the stream to a series of four sampling 
weirs, each of which separates 5% or 1/20 of the flow. A final six gallon 
sample would then represent the entire million gallons. The size of each weir 
should be such as to give a suitable overflow and the apron over which the 
flow passes for division should be fixed in a horizontal position. 

{b) By means of the arrangement illustrated by Fig. 170, an approximate 
sample ratio can be continuously diverted from a non-uniform flow. This 
device consists of a pipe A, inserted into the flowing stream at an angle of 
70-80° provided with an opening B facing the flow and extending to the top 
of pipe P. This opening B is constructed as shown in the cut (Fig. 170), the 
width above the center of pipe P being equal to the diameter of pipe A, then 
tapering from the center to the bottom of the pipe P. As the flow passes pipe 
A, an approximately constant sample ratio is diverted througli pipe A and is 
sampled by a small pipe C, the opening of which faces the flow at a point 
halfway between the center and bottom of pipe A. Pipe C is fitted with a 
stopcock whereby the amount of the sample flow through C may be regulated. 
Pipe A reenters pipe P at some point which will give sufficient positive flow- 
head through A. While this arrangement will not necessarily produce an 
accurate sample ratio, an increased flow through P will increase the flow-head 
through A and consequently increase the amount of sample withdrawn at C 
and an approximately relative sample ratio will be maintained with one regula- 
tion of stopcock C. 

(C) With large pipes and large flows, the above arrangement may be modi- 
fied as shown by Fig. 172. Three pipes, 1, 2, and 3, bent at 90° angles with 
openings facing the flow at different levels are inserted in pipe P and connected 
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to a common pipe A. The flow through A is then sampled by a pipe C as 
described above. An approximately relative sample ratio is thus maintained 
with one regulation of stopcock C. 




Fia. 172. Apparatus for Sampling Liquids in Motion. 
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SAMPLING SPECIAL LIQUIDS 

5. Liquids Containing Insoluble Matter in Suspension 

(a) When the sediment remains in reasonably uniform suspension during 
the period required for taking the sample, the liquid is thoroughly mixed and 
the sample obtained by one of the foregoing procedures. 

(b) When the sediment settles rapidly or is impossible of uniform distri- 
bution it is necessary to take special precautions to secure the components of 
the sample in the proper proportion. This can be accomplished with a fair 
degree of accuracy by mixing the liquid thoroughly and then rapidly taking 
a complete column of the liquid by means of the special thief or device shown 
by Fig. 168 or 169. By repeating this operation a number of times, a fairly 
representative sample will be obtained. Another procedure of possible appli- 
cation under certain conditions would be to take several portions at as many 
uniformly distributed points from the top to the bottom by means of the thief 
(Fig. 168 or 169). These portions are then combined and mixed for the gross 
sample. 

(c) To accurately sample a liquid containing insoluble matter, it is necessary 
to filter the entire liquid, weigh the insoluble material and filtrate separately 
and then take separate samples of the sediment and liquid, recording the 
ratio of sediment to liquid for use in the final evaluation of the original mate- 
rial. This, however, is impracticable except in such instances wherein the size 
of sample allows of economical handling in the manner described. 

6. Liquids Composed of Immiscible Layers 

The most practical and accurate procedure in this case is to effect a separa- 
tion of the layers and combine portions of each layer in the proper ratios. If 
this is impossible, the material may be transferred to a container of uniform 
cross section, the depth of each layer measured, and then the proper portion 
taken from each layer, for a composite sample, by means of a sampling thief 
similar to those shown in Figs, 168 and 169, 

7. Liquids Containing Crystals Due to Supersaturation 

Frequently conditions are such that a portion of the liquid or certain 
constituents thereof have crystallized in the container. Oleum and acetic 
acid are common example.? of this class. When practical the material should 
be warmed sufficiently to dissolve completely or melt the crystals before 
sampling by one of the foregoing procedures. Otherwise, if the crystals are 
small and remain in suspension the mass should be sampled as a liquid con- 
taining insoluble matter in suspension. 

8. Volatile Liquids 

(a) Volatile liquids are best sampled from a continuous flow while the 
liquid is being discharged or by means of a siphon from containers. If the 
liquid is uniform in composition or can be made so by agitation in some manner, 
a portion may be run to the bottom of the sampling bottle until the bottle 
overflows through another tube from the top into another bottle or to the 
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waste pipe, to such an extent as to leave a liquid in the first bottle containing 
the maximum amount of the volatile constituent (see Fig. 173). The sample 
bottle should then be quickly stoppered and sealed for transportation to the 
laboratory. 



Fig. 173. Apparatus for Sampling Liquids. 
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GENERAL OUTLINE FOR SAMPLING GASES 

The proper sampling of gases often presents greater difficulties than the 
analysis. This is particularly true when it i.s desirable to obtain a representa- 
tive sample of a gas during a considerable period of time as it passes through a 
pipe or flue from the source of production. Gases travel through straight 
pipes and conduits in an irregular succession of waves with a spiral motion, 
the maximum velocity being at the center of the pipe and the minimum near 
the walls. The motion of these waves and point of maximum velocity is 
altered in a varying degree by every bend and obstruction throughout the line 
of travel. Where gases are encountered which are subject to temperature 
changes either above or below normal, this factor will also considerably inter- 
fere with proper sampling. The temperature of gases will vary throughout 
the cross-section of the pipe, usually being hottest at points of maximum 
velocity and coldest next to the walls and in dead pockets. Theoretically if it 
were possible to discharge the total gas to be sampled into a large holder and 
provide time for it to thoroughly diffuse, it would then be in the most ad- 
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vantageous condition whereby a true and representative sample could be 
obtained by simply withdrawing a portion. Unfortunately this is not often 
the condition under which gases are to be sampled, being usually sampled from 
a flow possessing varying velocity, temperature, and composition. Under such 
conditions it is practically impossible to determine a point of approximate 
average velocity, temperature or composition from which a representative 
instantaneous sample can be drawn. 



Fig. 174. Apparatus for Sampling Gas. 


Consequently it becomes necessary to collect a sample over an extended 
period whereby the number of series of gas waves sampled is such that there 
is a high probability that a true and representative sample will be obtained. 
Under some conditions, useful and more definite data regarding composition 
and gas-flow is obtained by taking frequent “ grab ” samples. It is, therefore, 
quite evident that the subject of gas sampling naturally divides itself into 
two phases for consideration that of continuous sampling and “ grab,^^ or in- 
stantaneous, sampling. 

1. General Considerations and Apparatus 

(а) Sampling- tube for Drawing Samples from Gases Flowing through 
Pipes. — Without discussing the merits of the various forms of sampling tubes 
such as the single-opening tube, and the various types of perforated tubes all 
of which are more or less useful under certain conditions, the multiple type 
originated by A. H. White — " Gas and Fuel Analysis ” — is apparently best 
adapted for securing uniform samples (see Fig. 174). This tube should be 
inserted so that the longest tube reaches the center of the flowing gas. 

(б) Collecting a Representative Continuous Sample.— In order that the 
sample should be truly representative of the total gas flowing during a definite 
period, it is necessary to constantly draw a definite proportion of the gas. 




1326 


STANDARD METHODS OF SAMPLING 


Great elaboration of apparatus and equipment would be necessary if the rate 
of drawing the sample were adjusted to vary directly with the velocity of the 
gas, in which case the sample would accurately represent the gas. The most 
practical approach to this ideal condition would be to take the continuous 
sample under a constant pressure, whereby the rate of sampling will vary 
directly with the pressure of the gas being sampled. 

Figure 175 illustrates a common form of apparatus whereby a stream of 
gas at constant pressure is drawn from a gas line. This apparatus consists 
of a pressure-gage B to indicate any obstruction of the sampling tubes, a 
bubbling-bottle C to give a visual control of the rate of the stream, a gas- 


To AspiVator from Sampling Tube 



Fig, 175. Apparatus for Sampling Gas. 


meter D which may be omitted if not needed, a pressure control, E and a 
pressure gage F on the line to the aspirator. When aspiration is necessary the 
pressure at the sampling-tube as shown by gage B should be only a few tenths- 
of-an-inch of water. This may be regulated by the depth to which the tube 
is immersed in the water of the regulator E. When the gas is under pressure, 
the aspirator and ii’and F become unnecessary. 

(c) The Design of Apparatus. — The design of apparatus — and the sampling 
procedures — must take into account the solubility and chemical activity of 
the gas. Saturated magnesium chloride solution, glycerine and water mix- 
tures, and various oils have been used \\ith varying success in overcoming 
the .solubility of gases in the solutions over which they are collected. Further 
investigations along these lines for specific gases will probably make possible 
the use of other liquids than mercury for gases having high solubility factors. 
The corrosive character of the individual gases will determine the type of con- 
tainers, etc., which may be u.sed, 

2. Taking a “Grab" Sample 

(a) For a “ grab," or instantaneous, sample the ordinary two-bottle aspira- 
tor may be used (see Fig. 176) using care not to draw the sample so fast as to 
produce a reduced pressure at gage 3 (Fig. 175). 

3. Taking a Continuous Sample 

(a) For continuous sampling the apparatus illustrated by Fig. 177 will 
be found convenient. 

This apparatus consists of two large galvanized metal tanks, one in the 
form of an aspirating-bottle in which the sample is taken, and the other, 
slightly larger, which acts as a reservoir. A sample of gas taken under con- 
stant pressure and at a uniform rate over any specified period of time, which 
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may be varied at will, is obtained by filling the tanks with water, oil or other 


liquids according to the character of 

Pinch Cock 



Fio, 176. Apparatus for Sampling Gas. 


the gas, until the level reaches the top 
of the aspirating-tank. A syphon acts 
as the outlet and a uniform rate, if the 
pressure of the gas in constant, is ob- 
tained by attaching it to a wooden 
float. The speed of outflow may be 
regulated by the length of the syphon 
and the opening or size of the outlet- 
nozzle. 



By arresting the downward movement of the float and syphon by means 
of a shoulder or suitable device, a small amount of water remains in the as- 
pirator; this acts as a seal and automatically discontinues the intake of gas. 
By closing the stopcocks A and B the operation is completed. 

These tanks may be constructed to crate, in compact form for transporta- 
tion, a 20-liter glass aspirating-bottle, as shown in Fig. 178. 

This bottle is to be used when the gas to be sampled would attack the 
metal aspirating-tank. If a layer of some non-absorbing oil is placed on the 
surface of the water the original composition of the gas is unaffected. 

(6) When mercury must be used because of the solubility of the gas in 
water, an apparatus similar to that illustrated by Fig. 179, originated by 
Thomas Gray, J. Soc. Chem. Ind., 32, 1092, will be found convenient. 

It consists essentially of an ordinary gas-sarnpling tube N, attached to a 
reservoir which is counterpoised by a vessel R floating in a tank Q, the float 
being connected with J by means of a cord which passes over the pulleys P. 

“ The float R may be a tinned-iron vessel or glass bottle containing the 
necessary quantity of water or lead shot to establish the balance. The height 
of the tank Q must be greater than the length of the sampling-tube A', the 
overflow-tube I should be slightly longer than N, and the length of the wider 
tube H, which merely serves to prevent loss of mercury by splashing, should 
slightly exceed that of L 

“ The jet V, under pressure which may be regulated by adjustment of the 
overflow W, through which the excess of water from U escapes to the waste, 
delivers sufficient water during the specified period to raise the level in the 
tank to a height equal to the length of the sampling-tube. 
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As the water-level rises, the reservoir J is steadily lowered, drawing the 
gas uniformly into the sampling tube, and the mercury, thus displaced, escapes 
through the overflow-tube I to the bottle G. By means of an aspirator a 
rapid current of gas is drawn along the tube F which is connected to the flue 
or gas-main by means of the sampling tube (Fig. 179), a suitable filter being 
interposed, if necessary, to retain any solid particles. The connection A, 
between the sampling 
tube and the tube F, 
is preferably made of 
capillary tubing 3 to 
4 inches long, to pre- 
vent the diffusion of 
the gas backwards from 
N to F. If desired, a 
small non-return mer- 
cury valve may be in- 
serted at this point. 


Fig. 178. Apparatus for Fig, 179. Apparatus for Sampling CJa.s. 

Sampling Gas. 

"To start the apparatus, the tube F is connected with the gas supply and 
a rapid current of gas is drawn through F by means of the aspirator. 

" The rubber tube connecting the jet V with the water-supply is then 
closed by the clip -S, and the water is allowed to run into T and to overflow 
freely through \V the height of which has previously been adjusted to the de- 
sired level. Water is now run from the tank Q until the top of the overflow- 
tube I is at the level of the shoulder of the gas tube A', and J and N are now 
filled with mercury by means of a small funnel in J, The capillary A is finally 
filled with mercury by raising the reservoir J, the lower stopcock of the sam- 
pling-tube is closed, and J is then lowered to its former position and filled to 
the overflow-tube with mercury; the operation of sampling may now be com- 
menced by opening the lower stopcock of the gas tube X and starting the flow 
of water from the jet. The aspirator and the water-supply to T remain in 
operation during the whole period of the test and the apparatus requires no 
further attention. 

“ The period of sampling may be varied in a number of different ways: 

(1) " Jets may be constructed to deliver the requisite quantity of water in 
specified times; these are easily drawn from glass tubing in a blowpipe-flame, 
the final adjustment being effected by altering the head of water in T. 

(2) " Tanks of various diameters may be employed. 

(3) " The height of the sampling tube N may be varied.’’ 
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STANDARD SPECIFICATIONS FOR SIEVES FOR TESTING 
PURPOSES 

A. S. T. M. Designation: E 11-26^^ 

Sieves for precision testing have a variety of uses, including both dry 
screening and wet screening of material. The primary object is to separate 
materials according to the size of particle. Since particles are three dimen- 
sional and the openings of screens are areas having two dimensions only, the 
method of separation by means of screens is at best an approximation. In 
many instances, however, it is the best practical means at hand, and will give 
useful and reliable results if care is taken in securing representative samples, 
in the preparation of the sample for testing, in the details of procedure and 
in the method of reporting results. In the Appendix are indicated those points 
which must be considered in specifying sieving tests for any individual material. 

An essential in each method, however, is a series of sieves of known char- 
acteristics. The important consideration in sieves is the size of opening and 
with the size of opening known it is possible to translate the results obtained 
in one series of sieves into terms of another series. The importance of the size 
of opening in the sieve series covered by these specifications is emphasized by 
designating the sieves in terms of opening in microns. This new scheme of 
designation should accordingly cause no confusion, giving as it does a direct 
indication of the size of opening. As such, it is not open to the objections to 
the various arbitrary number designations heretofore in use and it is also free 
from the objection to the designation by means of mesh in that it is independent 
of the size of wire. 

Under the standardization procedure of the Society, these Reifications are under 
the jurisdiction of the A.S.T.M. Committee E-1 on Methods of Testing. 

Reproduced through the courtesy of the American Society for Testing Materials, 
260 S, Broad St,, Philadelphia, Pa. 

These specifications are issued under the fixed designation Ell; the final number 
indicates the year of original adoption as standard or, in the case of revision, the year 
of last revision. Issued as Tentative, 1925; Adopted, 1926. 
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With the size of opening known, the method of recording results is simpli- 
fied. It is recommended that in reporting sieve analyses in graphic form 
the sizes of sieve opening be arranged as ordinates with the largest size at the 
top and that the percentages be plotted as abscissas. 

1. Scope. — These specifications cover sieves for use in the usual cases of 
precision testing for the fineness of materials (classification of materials accord- 
ing to size). The sieves have been designated according to the size of openings 
in terms of microns, the corresponding United States Standard Sieve Series 
designation in arbitrary numbers being given for the convenience of those 
familiar with the latter scheme of designation. 

PHYSICAL REQUIREMENTS 

2. Cloth and Frame. — Wire cloth for standard sieves shall be woven (not 
twilled, except that the cloth of 44, 53 and 62-micron sieves may be twdled 
until further notice) from brass, bronze, or other suitable wire and mounted 
on the frames without distortion. To prevent the material being sieved from 
catching in the joint bet^Yeen the cloth and the frame, the joint shall be smoothly 
filled with solder, or so made that the material will not catch. The sieve 
frames should be circular, about 20 cm. (8 in.) in diameter and about 5 cm. 
(2 in.) or 2.5 cm. (1 in.) between the top of the frame and the cloth. 

Note. — The size specified above is for the regular standard testing sieve, but for 
special purposes other sizes may be used, as for example, the 3-in. sieve which is designed 
especially for use on laboratory balances as in the testing of pigments. 

3. Permissible Variations. — The average opening between the adjacent 
warp and the adjacent shoot wires, taken separately, shall be that given in 
column 3 (or 4) of Table I, within the “ Tolerance in Average Opening ” given 
in column 7. The average diameter of the \varp and of the shoot wires, taken 
separately, of the cloth of any given sieve shall be that given in column 5 (or 6) 
of Table I within the “ Tolerance on Wire Diameter ” given in columns 8 and 9. 
The maximum opening between adjacent parallel wures shall not exceed the 
nominal width of opening for that sieve by more than the “ Tolerance in 
Maximum Opening ” given in column 10 of Table I. 


WORKMANSHIP 

4. The sieves shall be free from imperfections in the sieve cloth or its 
mounting, as for example, punctured, loose or wavy cloth, imperfections in 
soldering, etc. 


MARKING 

5. The sieves shall bear a label upon which the manufacturer's nominal 
opening in metric units (preferably in microns) with the equivalent in inches, 
together with the size of wure should be given. 

Note. — It is recommended that, until the new micron designation shall have been 
thoroughly established, in addition the corresponding United States Standard Sieve 
Series number be given. 
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TABLE I 

Requirements fob Sieve Openings and Wire Diameters with Permissible 
Variations 


Designation 

Correspond- 
ing U. S. 
Standard 

Sieve Opening 

Wire Diameter 

Tolerance 

in 

Average 
Opening, 
per cent 

Tolerance on 
Wire Diam- 
eter, per cent 

Tolerance 

in 

Maximum 
Opening, 
per cent 

Number 

mm. 

in. 

mm. 

in. 

Under 

Over 

/ 

2 

3 

4 

5 

6 

7 

8 

9 

to 

4760 micron 

4 

4.76 

0.187 

1.27 

0.050 

±3 

15 

30 

10 

4000 


5 

4.00 

0.157 

1.12 

0.044 

±3 

15 

30 

10 

3360 


6 

3.36 

0.132 

1.02 

0.040 

±3 

15 

30 

10 

2830 

(t 

7 

2.83 

0.111 

0.92 

0.036 

±S 

15 

30 

10 

2380 

a 

8 

2..38 

0.0937 

0.84 

0.0331 

±3 

15 

30 

10 

2000 

n 

10 

2.00 

0.0787 

0.76 

0.0299 

±3 

15 

30 

10 

1680 


12 

1,68 

0.0661 

0.60 

0.0272 

±3 

15 

30 

10 

1410 . 

u 

14 

1.41 

0.0555 

0.61 

0.0240 

±3 

15 

30 

10 

1190 

u 

16 

1.19 

0.0469 

0.54 

0.0213 

±3 

15 

30 

10 

1000 


18 

1.00 

0.0394 

0.48 

0.0189 

±3 

15 

30 

10 

840 

u 

20 

0.84 

0.0331 

0.42 

0.0165 

±5 

15 

30 

25 

710 

ti 

25 

0.71 

0.0280 

0.37 

0.0146 

±5 

15 

30 

25 

590 


30 

0.59 

0.0232 

0.33 

0.0130 

±5 

15 

30 

1 25 

500 


35 

0,50 

0.0197 

0.29 

0.0114 

±5 

15 

30 

1 25 

420 


40 

0.42 

0.0165 

0.25 

0.0098 

±5 

15 

30 

25 

350 

ti 

45 

0.35 

0.0138 

0.22 j 

0.0087 

±5 

15 

30 

25 

297 

it 

1 50 

0.297 

1 0.0117 

0.18S 

0.0074 

±6 

15 

35 

40 

250 


60 

0,250 

0.0098 

0.162 i 

0.0064 

±6 

15 

35 

40 

210 


70 

0.210 

0.0083 

1 0.140 

0.0055 

±6 

15 

35 

40 

177 


80 

0.177 

0.0070 

0.119 

0.00471 

=b6 

15 

35 

40 

149 

u 

100 

0.149 

0.0059 

1 0.102 

0.0Q40 

±6 

15 

35 

40 

125 

ii 

120 

0.125 

1 0.0049 

0.086 

0.0034 

±6 

15 

35 

40 

105 

« 

140 

0.105 

0.0041 

0.074 

0.0029 

±8 

15 

35 

60 

88 

it 

170 

0.aS8 

1 0.0035 

1 0.063 

0.0025 

d=S 

15 

35 

60 

74 

it 

200 

0.074 

0,0029 

0.053 

0.0021 

±8 1 

15 

35 

60 

62 


230 

0.062 

! 0.0Q24 

0.046 

0.0018 

±8 

15 

35 

90 

53 


270 

0.053 

0.0021 

0.041 1 

0.0016 

±8 ; 

15 

35 

90 

44 


325 

0.(H4 

0.0017 

0.036 

0.0014 

1 

±8 

1 

15 

35 

90 


Note. — Sieves having larger openings than those included in the table may be 
specified, but in specifying sieves of larger openings the actual size of the opening (in 
millimeters or in inches) shall be stated. A tolerance of ±3 per cent on average open- 
ings and of 10 per cent in maximum openings shall be permitted. 


METHODS OF TESTING 

6. (a) To determine whether the cloth conforms to the requirements of 
these specifications, the wire diameter shall be measured in each direction by 
means of a micrometer-microscope or projection apparatus or other suitable 
apparatus of requisite precision, care being taken in all cases to avoid diffrac- 
tion effects in measuring to the edge of a wire. Micrometer calipers and steel 
scales should not be used for this purpose. The mesh shall be determined by 
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counting the number of openings for a distance of at least 6 in, in both direc- 
tions of the sieve, .using a scale, either glass or steel, and a microscope. The 
use of scales with special rulings for obtaining mesh by counting inter- 
ference bands is recommended in cases where large numbers of any of the 
sieves with the smaller openings are to be measured. From the wire diameter 
and the mesh the average opening shall be computed. 

Note. — No general rule can be given for the number of observations to be taken, 
except that they be sufficient to cause no change in the result if say 3 or 4 additional 
measurements are made. 

(6) Measurements of large openings shall be made by means of the mi- 
crometer-microscope or the projection lantern or other suitable apparatus in 
the same way as wire diameters are measured. 

Note. — In order to insure the securing of standard sieves it is possible to obtain 
from the manufacturer or dealer sieves which have been certified by the National 
Bureau of Standards. 


APPENDIX 

List of Points to be Considered in Drawing up Specifications for a 
Sieving Test 

I. Apparatus. 

1. Enumeration of sieves to be used. 

2. Auxiliary apparatus required for collection and reduction of gross 

sample, sample containers, and apparatus other than the sieves 
used in making the tests. 

II. Sampling. 

1. Unit of sampling. 

2. Method of collecting representative gross sample. 

3. Size of gross sample. 

4. Cautions to be taken in handling sample to prevent contamination 

or change. 

5. Reduction of gross sample. 

III. Preparation of the Sample for Testing. 

1. Drying. 

2. Mixing. 

3. Si^cial treatment, if any is necessary. 

4. Selection of test portion. 

5. Size of test portion. 

IV. Procedure. 

A. Dry Screening: 

1. Order in which the sieves are to be used. 

2. Detailed description of method of shaking. 

3. Detailed description of procedure other than method of 

shaking. 

4. End point. 
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B. Wei Screening: 

1. Liquid to be used. 

2. Description of any preliminary separation by classification or 

other means. 

3. Order in which screens are to be used. 

4. Detailed description of procedure including amount and 

method of adding liquid, method of stirring or other 
agitation. 

5. End point. 

V. Method of Reporting Results. 

VI. Allowable Variations Between Duplicate Tests on the Same 
Material. 



DECOMPOSITION OF THE SAMPLE » 

Decomposition of the Material. — In the instructions for the solution of 
the material special procedures are often given owing to the predominance of 
some particular compound or compounds present. Directions are given for 
example for oxides, others for sulfides, and again others for silicates, etc. The 
chemist is frequently at loss to know what procedure to select as the mere 
inspection of the material frequently will furnish him no information as to its 
predominating trait. 

Owing to the variables in ores and alloys it is not possible to have any set 
procedure applicable to all conditions. It is often necessary to combine two 
or more methods to effect solution of certain refractory ores. Acid extractions 
are frequently followed by fusion methods for the solution of the acid insoluble 
material, likewise fusions require subsequent water extraction followed by 
acids. In general, ores should be finely ground, before treatment by wet or 
fusion method. The following general rules, however, will be of value. 

General Procedure. — It is advisable to test the solubility of a small amount 
of the material in a test tube, using water if the material is a salt or hydro- 
chloric acid if an ore, and dilute nitric acid if an alloy or metallic product. 
In examining an ore the sample should be finely powdered. About 0.5 to 1.0 
gram is taken and treated with 10 to 20 ml. of concentrated hydrochloric acid. 
A pear-shaped flask, of pyrex glass, is convenient for this decomposition. The 
solution is heated gently until no further action is evident. If the ore con- 
tains sulfur as sulfide, the addition of nitric acid and bromine are recom- 
mended, nitric acid in most cases follows the addition of hydrochloric acid, 
but in case of sulfur determination, nitric acid and bromine arc added first 
to avoid loss of sulfur as H 2 S. For alloys dilute nitric acid precedes HCl. 
Additional HCl and HXO3 may be necessary to complete the possible action 
of these acids. Dilute sulfuric acid i.s now added and the solution evaporated 
to near dryness. This generally effects complete decomposition. If a residue 
remains upon adding HCl and water and heating, it is advisable to filter off 
the solution and fuse the residue by one of the fluxes given under “ Fusions,” 
page 1336. It is often advisable to start with a fusion of the original ore — 
sodium and potassium carbonate for high silicon ores, sulfates of barium, 
strontium and calcium ; potassium acid sulfate fusions made preferably in a 
pyrex glass flask for oxides of metals. In case of refractory oxides decom- 
position is assisted by adding a small piece of filter paper to the molten mass. 

‘ Original chapter by Wilfred W. Scott. 
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Reagent to Materials 

Effect Solution 

L Water will dissolve the alkali salts, ammonium, lithium, potassium and 
sodium acetates, bromides, chlorates, chlorides, iodides, nitrates, 
nitrites, sulfates. Also arsenates, arscnites, borates, carbonates, 
oxalates, phosphates, and tartrates. The halides of silver, mer- 
cury, and lead are insoluble in water. The arsenates, arsenites, 
borates, carbonates, oxalates, phosphates and tartrates of the 
heavy metals require acid treatment to effect solution. Sulfates 
of Ba, Sr, Ca, Ilg'^, Pb are insoluble in water. 

II. Acids 

1. Hydrochloric acid decomposes carbonate and oxide oces of B, Ca, Fe, 

Mn, Mg, P, Sn (reducing agt.), Ti, U, Zn (SnCb assists Fe sol.), 

2. Hydrochloric acid together with or follow^ed by an oxidizing reagerU, 

i.e., HNO3, KCIO3, etc. Alloys of Al, Sb, Bi, Cu; Cr, Co and 
Ni steels, ferro silicon, Ti and V steels, sulfide ores of Cu, Ce, 
Pb, Mo, U, Zn. 

3. Nitric acidf dilute or concentrated. Alloys of Bi, Cd, Co, Cu, Pb, 

Mn, silico manganese, ferro manganese, P and Ti steels, ores 
of Cd, Cu, Mo, Co and Ni. 

4. Aqua Regia. — The metals and alloys of Au, Ir, Hg, V, Pt. Ores of 

Cd, Hg, Rh, \V. 

5. Sulfuric acid. — Ores of Al, Be, Mn, Pb, Th, Ti, U. 

6. Sidfuric acid with HF, silicates, Cu ores and alloys. 

7. Hydrofiuoric acid, usually in conjunction with H2S04, HCl or HNO3 

useful for dissolving ores containing silicates where Si02 is not 
to be determined. An IIF — HNO3 (5:5: 200 H2O) is an excel- 
lent solvent for antimony-tin alloys. 

8. KBvt Br, HNOz, HCl combinations to dissolve pyrites of Pb, Ni, Fe, 

As, etc. Reactions 1-8 (excepting 7) may be made in glass; 
7 in platinum. 

9. Constant-boiling hydriodic acid, sp.gr. 1.70, attacks many of the 

slightly soluble substances: HgS with brisk evolution of H2S; 
SnOs with evolution of SnL; the hot acid transposes the silver 
halides, the majority of the '' insoluble ” sulfates (Pb; Ca; Sr; 
Ba; Cr); dissolves CaF^; CrCh (anhydrous), etc.^ 

10. Perchloric acid is a powerful oxidizing and also a dehydrating agent 
when hot and concentrated. The solubility of the majority of 
the perchlorates in water makes the acid a very desirable solvent. 
The perchlorates in general are soluble in organic solvents such 
as alcohols, ketones, aldehydes, ethers, and esters. Anhydrous 
perchloric acid is a dangerous substance because it interacts with 
oxidizable matter to cause violent explosions. With proper pre- 
cautions, especially the avoidance of evaporation of alcoholic 
solutions of perchloric acid, the use of the aqueous solutions is 
without hazards.^ 

* CaJey, J. Am. Chem. Soc. 54, 3240, 4112 (1932); 55, 3947 (1933) Caley and Burford, 
Ind. Eng. Chem., Anal. Ed. 8, 63 (1936). 

• Perchloric acid, The G. F, Smith Co. Columbus, 0. 
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III. Fusions 

1. The insoluble residue remaining from an acid treatment of a substance 
may be brought into solution, generally, by fusion with an appropriate flux. 
The fusions are made in crucibles (20 ml. capacity) of silica, iron, nickel, 
silver, '' palau '' (gold-palladium 80 : 20) or platinum. Potassium bisulphate 
fusions may be made in silica or glass as well as in platinum; sodium carbonate 
fusions may be made in iron, nickel, “ palau,” and platinum; hydroxide or 
peroxide fusions may be made in iron, nickel or silver crucibles; sodium car- 
bonate potassium nitrate fusions may be made in platinum, but hydrochloric 
acid should not be used in dissolnng the fusion as the chlorine liberated will 
attack the platinum. 

2. In making fusions the sample is well mixed with six to twenty times its 
weight of the fusion mixture and placed over a thin layer of the flux in the 
crucible and then covered by a lid of the same material as that of the crucible. 
Heat is applied cautiously until the mixture melts, the heat being raised during 
the action. When the melt has reached a quiet fusion and the resulting 
molten mass has become clear and homogeneous, the action is complete. 

(a) A still platinum rod is placed in the molten mass and held in place 
until this has cooled sufficiently to solidify around the wire. By reheating 
the crucible the mass of fusion may be lifted out, cooled and together with 
the crucible placed in the beaker in which the subsequent treatment is made. 

(b) The molten mass may be poured into a crucible lid of sufficient capacity 
and when cooled placed in the beaker together with tlie crucilile. 

(c) The molten mass is cooled by rotating the crucible or flask in such a 
way that it solidifies in a layer on the sides. 

3. Water is now added to the material and the mixture heated until the 
mass disintegrates. The beaker is covered by a clock glass and the additional 
solvent now added. This may be hydrochloric or sulfuric acids, ammonium 
carbonate or any other appropriate solvent. 

The following fluxes are commonly used — 

1. Sodium carbonate. — Decomposes silicates of Al, Ca, Ce, Cr, etc.; halides of 

Ag; sulfates of Ba, Pb. 

2. Sodium and potoJisium carbonates. — Silicates of Al, F, Fe, Xi, Se, Te, etc. 

The mixture fuses at a lower temperature than carbonate alone. 

3. Sodium carbonate u'ith oxidizing agenty i.c., KClOa, KNOa, NajOz, ZnO, 

MgO. — Ores of Sb, As, Cr, Fe, Mo, V, Zr, sulfides, pyrites, etc. 

4. Sodium peroxide. — Ores of Sb, As, Cr, Mo, Ni, V, U, Sn. Certain alloys 

and steel for chromium, etc. 

5. Potassium acid sulfate (w'ith 112804). — Ores of Al, Sb, Cu, Cr, Co, Fc, 

Mn, Xi, Rh, Ta, Ti, W. Steel with Cr, Mo, V and W, Th, phosphates, 
slags, oxides of metals of basic character. Silica remains insoluble. In 
a bisulfate fusion in a 250-ml. flask, 25-50 ml, of w^ater and 10 ml. HCl 
are added and the mixture boiled until the cake dissolves. If any dark 
residue remains, the solution is decanted off and the residue again 
fused with additional flux. As stated in page 1334, certain refractory 
oxides require the addition of a reducing agent, such as carbon from a 
filter paper, to assist the acid sulfate flux. It is better to make two 
or more fusions on resulting residues remaining from an acid extraction 
of the melt, rather than to increase the amount of flux in the first charge. 
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6. NaOH, KOHj basic flux (with or without KF). — Oxidized Sb ore, ores of 

Cr, Sn, Zn, Zr. Sulfides and sulfates in sulfur determinations. 

7. Other reagents. — NlliCl and CaCOz — alkali silicates, KCN — tin oxide ore, 

CaO, Na/) 2 . Organic compounds for halide determination. 

Reactions 1, 2, 3 may be carried out in iron, nickel or platinum crucibles, 
5 in silica {porcelain) or platinum, 4, 6, and 7 in iron, nickel and silver. 

Reagents.'^ — Ammonium acetate, NH4C2H3O2, is a very effective solvent of 
lead salts, especially the sulfate. It is prepared by adding strong acetic acid 
to strong ammonium hydroxide until the solution is just acid. 

Ammonium hydroxide, NH4OH, is a powerful solvent of chloride and bro- 
mide of silver. 

Ammonium sulfide, (^114)28, readily dissolves the sulfides of arsenic, anti- 
mony, and tin. This reagent decomposes slowly, losing NH3 and forming 
(NH4)2S2. It should be kept in a dark cool place. To prepare the solution 
pass a rapid current of pure hydrogen sulfide through a solution of ammonia 
in a reagent bottle. 

Hydrochloric acid, HCI, is a powerful solvent and when mixed with HNO3 
in the proportion (2-HCl : I-HNO3) it will dissolve gold and platinum due 
to the chlorine which is thus liberated in the nascent state. 

Hydrojluoric acid, HF, is used to decompose silicates, the silica being 
volatilized. 

Nitric acid, HNO3, is a pow'erful solvent and oxidizing agent. The fuming 
variety is a more active oxidizer and desulfurizer. 

Sulfuric acid, H2SO4, is a powerful solvent and is generally used in a dilute 
form made by mixing concentrated acid (1.84 sp.gr.) wdth water in the pro- 
portion I-H2SO4 : 5H2O. 

Argot, KHC4H40e, potassium acid tartrate commercial grade, is a powerful 
reducing agent and also' a basic flux. 

Borax, cryst., Na2B407- IOH2O, is an acid flux sometimes used as a cover 
in place of NaCl. To dehydrate, fuse it in an iron or chalk lined clay crucible, 
pour the fused mass on a clean surface and pulverize when cold. Melting 
point, borax glass, 742° C. 

Charcoal is a reducing agent and desulfurizer. 

Iron, metallic, a basic flux, and desulfurizer. Nails or wire about inch 
dia. generally used. Melting point above 1500° C. 

Lead, metallic, a basic flux. It is also used as a collector of the precious 
metals in the assay of gold and silver ores. Granulated lead is used in scorifi- 
cation assays and sheet lead in bullion assays. Its silver content should be 
determined. Melting point, 327° C. 

Lead flux. — Sixteen parts sodium bicarbonate, 16 parts potassium carbo- 
nate, 8 parts flour and 4 parts borax glass. This mixture serves as a flux, 
reducing agent, and desulfurizing agent. 

Litharge, PbO, is a basic flux and an oxidizing and desulfurizing agent. 
Its silver content should be determined. Melting point, 884° C. 

Silica, SiOa, is an acid flux. Powdered lime-glass can be used as a substi- 
tute. Melting point, SiOs, 1775° C. 

* W. J. Crook, Lefax, Philadelphia. 
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Potassium hisulfaief KHSO4, is a decomposing agent and an acid flux. 
Silica is not made soluble by this reagent. Melting point, 200® C., K2SO4, 
1072° C. 

Potassium carbonate , K2CO3, acts same as Na2C03 and is frequently mixed 
with it. A mixture in proportion to the molecular weights of the two sub- 
stances is an excellent flux for decomposing certain silicates, clays, etc., which 
are difficult to handle by either carbonate alone, Melting point, K2CO3, 
909® C. 

Potassium cyafiide, KCN, is a powerful reducing and desulfurizing flux and 
is frequently used in the fire assay of Pb, Sn, Bi and Sb. Its solution is a 
solvent of gold and silver. Fuses at red heat. 

Potassium hydroxide, KOH, acts same as NaOH and is used for the same 
purposes. Melting point, 360® C. 

Potassium nitrate, KNO3, is a basic flux and also a powerful oxidizing agent. 
Melting point, 339® C. 

Sodium bicarbonate, NaHCOa, is a desulfurizing agent, a basic flux and 
sometimes an oxidizing agent. The corresponding potassium salt may also 
be used. 

Sodium carbonate, NaoCOa, is used alone or in conjunction with other 
reagents for the decomposition of silicates, etc. Melting point, 849® C. 

Sodium chloride, XaCl, a neutral flux, used as a cover in assay. Melting 
point, 804° C. 

Sodium hydrate, XaOH, is used principally for the decomposition of sul- 
fides and sulfates in sulfur determinations. Sometimes used to decompose 
certain silicates, oxides and certain organic compounds. It is a basic flux. 
Melting point of XaOH, 318® C. 

Sodium nitrate, XaXOa, is a decomposing and also an oxidizing agent. 
KXO3 is also used for same purpose. Melting point, 316® C. 

Sodium thiosxdfate solution, Xa^SoOs, is a solvent for AgCl. 

Oxidizing Agents . — Those in most general use are oxygen, chlorine, bro- 
mine, potassium permanganate, potassium bichromate, nitric acid, potassium 
chlorate, sodium nitrate, hydrogen peroxide and ammonium nitrate. 

Reducing Agents. — Hydrogen, H, is used in the form of a gas which should 
be dry and free from impurities. Hydrogen sulfide, H2S, is prepared by 
adding dilute H2SO4 to pure iron sulfide. If pure iron sulfide is not at hand, 
it can be prepared by fusing iron nails with sulfur in the proportion of about 
1 part iron to 2 parts sulfur, by weight. Sodium sulfite, NaoSOa, is used for 
the reduction of ferric solutions. It separates arsenious sulfide, which is soluble 
in it, from the sulfides of antimony and tin, which arc insoluble in it. Stannous 
chloride, SnCb, is frequently used for reducing iron solutions. Solutions of 
sugar, tartaric acid and many other organic compounds will serve as reducing 
agents. 

THE DETERMIXATIOX OF MOISTURE, WATER OF CRYSTALLI- 
ZATION AND WATER OF COXSTITUTIOX 

1. Method of Loss in Weight. — A suitable weighed sample which may 
range from a few tenths of a gram up to 100 g. depending on the nature of 
the material is either heated at a suitable temperature (usually 100-105° C.) 
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cooled in a desiccator and weighed, or else allowed to stand, with weighing 
after stated intervals, over a suitable drying agent such as anhydrous mag- 
nesium perchlorate, P 2 O 6 , sulfuric acid (cone.), CaS04, CaCl 2 and the like, 
until the weight of the residue is constant. The percentage loss in weight is 
calculated. Details vary from substance to substance; the reader is therefore 
referred to the detailed table of contents for the determin- 
ation of water in various materials, as for example, paper, 
soap, various ores, etc. 

With crystallized salts, a temperature of 100-105® C. is 
frequently insufficient to drive otf all of the water of crys- 
tallization. For example: Crystallized copper sulfate loses 
4/5ths of its water of crystallization at 120-125® C, and the 
remaining 1/5 only at 240-250® C. at atmospheric pressure 
and humidity. Some salts melt in their own water of crys- 
tallization and undergo hydrolysis after which it may be 
impossible to complete the drying without decomposing the 
salt; this is true of common (potash) alum. In such in- 
stances the bulk of the water must be driven off at room 
temperature or at somewhat higher temperature, after which 
the drying may frequently be completed at 100® C. 

Some salts, notably acid salts, like Na2HP04' I 2 H 2 O lose 
their water of crystallization at 100° C. or below. Upon 
igniting the dehydrated residue at full burner temperature 
the salt is transformed into a “ pyro ” salt with loss of water 
of constitution.” Example: 2 Na 2 HP 04 = Il 20 +Na 4 P 207 . 

This is one of the kinds of changes that make it difficult 
in many cases to interpret fully the significance of loss on 
ignition at high temperatures. Oxidation of the lower 
oxides in the non-voIatile residue is another complication 
that frequently occurs. For these reasons the direct de- 
termination of moisture or water of combination is fre- 
quently advisable whenever the simpler loss-in-weight de- 
termination can not be used. 

2. Absorption Method. — The material is heated in a 
boat in a combustion tube as indicated in Fig, 180. The 
evolution of the water and its transmission to the absorption 
vessel are aided by a stream of dried gas, either air or other 
gas inert toward the material in question. The gas stream 
is dried by the same drying agent that is to be used for 
trapping the water that is evolved on heating. The drying 
agent is chosen according to the products that may be ex- 
pected on heating the material strongly. For example, in 
determining moisture in a carbonate, sulfuric acid would 
absorb the water and not the CO 2 evolved. If ammonia were evolved, as 
for example in investigating double ammonium phosphates of magnesium, 
manganese, etc., lime would be a good absorbent for the water. The weight 
of water from a given weight of sample is found by weighing the absorption 
tube before and after the heating. Particular care must be taken to drive all 
of the water from the end of the combustion tube into the absorbing vessel. 
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The boat and combustion tube may be of any convenient material for the 
purpose at hand — hard glass, quartz, porcelain or platinum. 

Penfield Method. — A variant of the evolution and weighing method that 
is frequently used in mineral analysis was devised by Penfield.'^ The rock or 
mineral powder is placed in a bulb of hard glass; the tube connected to the 
terminal bulb is widened out to form bulbs (one or two) at a distance of several 
centimeters from the terminal bulb. The open end of the tube is connected 
to a capillary tube by rubber during the heating of the powder. The water 
that is driven off is caused to condense by cooling the bulbs; the capillary 
prevents loss of water. Finally the bulb with the mineral residue is removed 
by sealing off the tube in a flame, and the part containing the w^ater is weighed, 
and the water is then removed from it and the weight of the glass is determined. 

Distillation Methods foe Moisture f 

In the distillation methods, the moisture is removed from the sample by 
the distillation by suitable means of heat of a solvent immiscible with winter. 
The sample may or may not be soluble in the distilling medium. The dis- 
tilling medium has a boiling point higher than water, is condensed, and col- 
lected with the water in a suitable trap or measuring tube. The excess of the 
condensed solvent is returned to the distilling vessel or is drawn off from the 
measuring tube. 

Marcusson ^ one of the first to determine moisture by di.stilling 
the samples with a liquid immiscible with water and measuring the water in 
the manner used in the methods described in this chapter. The sample was 
introduced into the distilling flask into a measured quantity of toluene ^ or 
xylene.^® The mixture was distilled into a receiver constructed at the bottom 
to a calibrated narrow tube until several hundred cubic centimeters were 
recovered. The Dean and Stark, Bidwell and Sterling, and Kingman are 
some of the many variations of the method. 

Some of the advantages of distillation methods over oven or hot plate 
methods are: the actual collection and measurement of the water present 
separated from other volatile constituents ; little or no opportunity for oxida- 
tion such as exists in oven or hot plate methods; little or no effect due to 
humidity such as exists in oven or hot plate drying where the sample is cooled 
in a desiccator before final weighing; and the use of a larger and more repre- 
sentative sample. 

The methods which are described are the most common of the distillation 
methods in use. 

1. Water in Petroleum Products and Other Bituminous Materials.*’ ® — 

This method is essentially the method described by K. W. Dean and D. D. 
Stark.® The paper contains a comprehensive bibliography on moisture meth- 
ods, particularly those of the distillation type. 

“ The method is suitable for a variety of materials, but is especially ap- 
plicable to petroleum, fuel oil, road oil, coal tar, water-gas tar, coke-oven tar, 
and. other petroleum products or bituminous materials.” 

For distilling apparatu.s, either a glass flask or a metal still may be used. 
Glass is generally used for petroleum products and the metal still for road 

* Penfield, Am. J. 8ci. (series 3), 48, 31 (1894). 

t Compile by Mr, C. P. Long of the Chemical Divi.sion of Procter and Gamble Co. 
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materials and tars. An electric heater is preferred for glass, although a gas 
burner may be used. A ring gas burner is used for the metal still. Dean and 
Stark prefer an electric heater.®- 

The apparatus, made according to A. S. T. M. specifications, may be pur- 
chased from chemical apparatus supply houses. The condenser is a glass reflux 
type of prescribed length so arranged as to discharge the condensate in a 
Dean-Stark trap. The trap is 10 ml. capacity, tapered from the 2 ml. mark 
to 0 ml. Above 2 ml. the inside diameter is 18 to 19 mm. The part below 
the 2 ml. mark is calibrated in 0.1 ml. divisions. 

The solvent used when testing petroleum products or bituminous materials 
derived from petroleum shall be gasoline, free from water, and show the follow- 
ing distillation range : 

5% shall distill at a temperature not below 90° C. nor above 100° C. 

90% shall distill below 210° C. 

The solvent used when testing bituminous materials derived from coal tar, 
water-gas tar, etc., shall be a coal-tar naphtha or light oil and shall show the 
following distilling range : 

98% shall distill between 120° C. and 250° C. 

Procedure: For a regular Dean and Stark trap the sample size should be 
such that not over 10 ml. of water are collected. For samples high in moisture 
a longer trap may be secured or the sample size reduced. The volume of the 
sample is accurately measured, transferred into the distilling vessel, and mixed 
with 100 ml. of solvent by swirling, taking care to avoid loss of material. The 
solvent can best be added to the still by rinsing the graduate with several 
portions. The connections between the distilling vessel, condenser and trap 
are made with tight-fitting corks. The heat is applied and regulated so that 
the condensed distillate falls from the end of the condenser at the rate of 2 
to 5 drops per second. The distillation should be continued at the specified 
rate until no water is visible on any part of the apparatus except in the bottom 
of the trap. A persistent ring of condensed water in the condenser tube shall 
be removed by increasing the distillation rate for a few minutes. 

The volume of the water in the trap at room temperature is measured and 
calculated to the percentage of the original volume of the sample. 

2, Brown-Duvel Method for Grains. — The apparatus was described in 
1907 by Brown and Duvel.® The apparatus was patented * by them in order 
^to allow free use of it by the public. The various components of the appa- 
ratus, accessories, details of operation and effect of variation in certain details 
are covered in a bulletin written by D. A. Coleman and E. G, Boerner.^o Since 
this bulletin covers all the specifications in detail for the flasks, thermometers, 
and all other parts of the apparatus and accessories as well as details of the 
methods for various grains, it should be available before the apparatus is placed 
in use. 

The apparatus includes a heating chamber, arranged so several samples 
may be handled at the same time, and a tank containing cold water through 
which condensing tubes pass. The various parts are fastened on a suitable 
frame. Gas burners are the usual source of heat. 
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The distilling medium is a good grade of mineral engine oil, free from water, 
0.900 specific gravity, viscosity 342 to 513 seconds Say bolt at 20 C., and 
open cup n&sh point, 350° to 400° F, The fire-point should not be over 450 F. 
Grains are placed in the distilling flask whole, in a weighed amount specified 
for each grain. With the standard thermometer in a definite position in a 
specified quantity of oil, heating is continued until the thermometer in the 
oil reaches the temperature designated for the kind of grain under test. Then 
the flame is extinguished. The water is measured when the thermometer has 
dropped to 160"^ C. in a graduate under the small layer of oil which distills 
over with the water. 

The endpoint, i.e., flame extinguishing temperature for the grain, is stand- 
ardized or set against drying in a water-jacketed oven under standard con- 
ditio ns. “ 

3. Toluene-Moisture Method (Bidwell-Sterling).^- ^ — The receiving and 
measuring tube used is a modification of the Dean and Stark tube. In order 
to increase the accuracy of the measurement of the water layer, the calibrated 
lower end consists of a narrow tubular portion similar to a burette calibrated 
in 0.1 ml. di\’isioDs. The volumes may be read to 0.01 ml. especially if a 
hand-lens is used. Toluene (B.P. 111° C.) is used as distilling solvent rather 
than xylene (B.P. approximately 140° C.) since the lower distilling temperature 
of the solvent apparently eliminates decomposition of many of the organic 
materials under investigation. 

The method was tried by Bidwell and Sterling on a large variety of organic 
materials, such as raisins, flours, butter, dried milk, leather,^* molasses, grass. 
The method is satisfactory for moisture in essential oils,^® soaps (especially 
liquid and jelly soaps), glycerine,^^ soybeans, and other grains, fats, mineral 
oils and all sorts of mixtures and emulsions. 

The receding tubes and also complete apparatus including condensers with 
standard ground gla.ss connections may be purchased from apparatus supply 
houses. A 250-mI. Erlentneyer or Soxhiet fla.sk is satisfactory for the dis- 
tilling flask although the size of the fla.sk may be increased with large sample 
sizes. As source of heat, electric heaters so adjusted that the heating element 
is enclosed and non-glowing, and Argand ga.s burners are satisfactory. 

The toluene used should have been previously heated under a reflux con- 
denser connected to the flask by a Bidwell-Sterling tube until surplus moisture 
has ceased to distill off. The recei\'ing tube should be carefully calibrated 
and before using should be absolutely clean. It is advisable to clean the tubes 
and condenser with chromic-sulfuric acid cleaning solution followed by water 
and alcohol rinses and oven drying. 

Procedure. — Weigh sufficient .sample to give 2 to 5 gms. of water into the 
distilling fla.sk. Add sufficient toluene to cover the sample completely, usually 
about 75 ml. Connect the receiving tube and reflux conden.sers. Fill the 
tulje through the top of the condenser. Protect the side arm from the heat 
of the burner by a piece of a-sbestos board vertically suspended. 

With water flowing through the condenser, heat gently to avoid foaming, 
continue boiling slowly at about 2 drops per second until nearly all the water 
has distilled over. Then increase the rate to about 4 drops per second. A 
boiling piece is often an advantage. For some samples Bidwell and Sterling 
recommend suflScient dry sand io cover the bottom of the distilling flask. 
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When the water has apparently all been distilled over to the receiving tube, 
wash down the condenser by pouring toluene in at the top. Continue dis- 
tillation a short time to determine if further water distills over. If it does, 
repeat the washing of the condenser. Any drops of water adhering to the 
sides of the condenser tubing usually can be loosened by a copper wire through 
the top of the condenser. 

Allow the receiving tube to come to room temperature or bring to a definite 
temperature by immersing in a bath of this temperature. Read the volume 
of the water. The volume of water multiplied by the specific gravity at the 
temperature at which the volume is read will give the weight of water in gms. 

When used on glycerine or a soap high in glycerine, the distillate may be 
corrected for its glycerine content by separating the aqueous layer and deter- 
mining the glycerine content by the bichromate method. (See Methods for 
Analysis of Soap.) Alcohol and acetone cause very unsatisfactory and un- 
reliable results. 

In order to prevent soaps from foaming, a carefully measured amount of 
concentrated hydrochloric acid in sufficient quantity to break the soap into 
fatty acids is very desirable. The water content of the acid must be known 
and proper correction made in the amount of water recovered. Soaps con- 
taining much carbonate should be handled bythe xylene-sodium acetate method. 
Glass wool floated in the liquid will often prevent foaming without the addi- 
tion of acid. 

Soybeans and grains are placed in the flask whole. Distillation is continued 
until water ceases to come off. The toluene in the distilling flask is allow'ed to 
cool somewhat. The beans or grain are then strained out on a coffee strainer. 
The solvent is returned to the di.s til ling flask while the beans are given a rinse 
with a small amount of petroleum ether and allowed to drain until practically 
free from solvent. The sample is then quickly ground in a coffee mill and 
returned to the distilling flask and distillation continued until water ceases to 
distill over. 

4. Xylene Method. — Marcusson in 1904 ^ used toluene as distilling agent 
in a distillation method for lubricating greases. In 1905 he describes a 
similar method for water in oils, fats, and soaps in which xylene was used as 
the distillation medium. In a book by Marcusson (1927) on methods for 
analyses for fats and oils, xylene is used as distillation solvent and the pro- 
cedure is essentially that described in the previous references. If soaps are 
present so that foaming will occur and carbonates are absent, dry oleic acid 
or potassium bisulfate is added. 

Rogers and Bidwell and Sterling ^ pointed out that many organic mate- 
rials which showed definite evidence of decomposition when xylene was used, 
could be safely handled when toluene was used. In the soap methods,^® a 
xylene method with anhydrous sodium acetate to prevent foaming is described. 

The general procedure with xylene is identical with the Bidw^ell-Sterling 
procedure using toluene. The approximately 30° C. higher boiling of xylene 
is often an advantage on materials that do not decompose with the liberation 
of w^ter at the distilling temperature and that hold the water rather tightly. 

5. Kingman Method. — The method was described by W. A. Kingman.*^ 
The method had been used by him for several years. It differs from the other 
distillation methods described in this section by the use of a non-inflammable 
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solvent, tetrachlorethane (also called commercially acetylene tetrachloride). 
The solvent is heavier than water so that the former is the lower layer in the 
measuring receiver. The Kingman measuring tube is equipped with a stop- 
cock at the lower end so the solvent may be drawn off during distillation in 
order to keep the water from running back to the distilling flask (Fig, 181). 



Fig. 181. Kingman Moisture Apparatus. 


The method is an official method of the American Chen^ical Society and 
the American Oil Chemists' Society for moisture in fats. 

The apparatus used is the regular Kingman set-up which may be obtained 
with all glass joints (Fig. 181), Tlie distilling solvent is tetrachlorethane. 
Benzene Is used to aid in measuring. 

Determination. — Weigh from 50 to 200 gms. of the sample into a 500-m!, 
Erlenmeyer flask. For .samples containing less than 1% moLsture use 200 
gms. ; for samples containing from 1 to 5% moisture, 100 gms. ; and for those 
containing larger quantities, smaller amounts. Add about 100 ml. of acetylene 
tetrachloride to the sample in the distillation flask and distill. Continue the 
di.stiUation until from 25 to 40% of the solvent has distilled over, drawing off 
solvent from time to time. At first the boiling temperature will be about 
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80° C., rising gradually to 95-100° C., when practically all the moisture is 
driven off, then going up rapidly to about 144-145° C. During the rapid rise 
the heating should be slowed down; otherwise a too rapid evolution of vapor 
ensues which heats the condenser and causes the water already distilled to boil 
away from the receiver tube. Allow the apparatus to cool and then wash 
down the condenser and connecting tube into the graduated tube of the appa- 
ratus with a little coal-tar benzene. When the moisture has settled suffi- 
ciently, read the column of water, making due allowance for meniscus, and 
calculate the percentage. 

The method is not as satisfactory for soaps as the toluene or xylene methods. 
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Calculation of Percentage of Material Determined in the Original Sample 
to the Dry Basis, or if Determined on a Dried Sample to the Original Form 
Including Water. Frequently a chemist is required to report the percentage of 
constituent both on the dried sample and in its original form containing water. 
The following formulae will be of assistance in these calculations : 
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Let a ~ percentage of material found (determined on the dry basis, or in 
the original sample, as the case may be). 

6 = percentage of total dry material with water expelled. 
c = per cent of water in the original sample, 100— c = 6. 

Then — ~ per cent calculated from wet basis to dry. 


aXb 

100 


= per cent calculated from dry basis to wet. 
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DETERMINATION OF MOISTURE IN GASES 

The gas to be tested is passed through a dehydrating agent such as phos- 
phorus peiitoxide, P2O5, alumina, AI2O3, or lime, CaO, contained in a weighed 
U-tube. The following facts should be borne in mind in selecting the dehy- 
drating agent: (a) It should not absorb the gas; (b) it should not react chem- 
ically with the gas. For example, lime or alumina could not be used for 
determining moisture in sulfur dioxide, nor could phosphorus pentoxide be 
used in determining moisture in ammonia. For the former, phosphorus pent- 
oxide is best, and for the latter, lime. Alumina that has been carefully heated 
to 1400 ° is useful for determining moisture in neutral gases. It should be 
remembered that gases dried over calcium chloride will give up moisture to 
concentrated sulfuric acid, and these in turn will give up moisture to phos- 
phorus pentoxide: Professor Morley has even determined the amount of 
moisture that is left after this latter treatment. 

Procedure. The volume of the gases required for the test varies widely 
according to the percentage of moisture in the gas, 1000 ml. to 10,000 ml. are 
generally required. For minute amounts of moisture it may be necessary to 
lead the gas over the dehydrating agent for a given length of time, using a 
manometer or difference gauge, or a gas meter. The absorption tube is 
weighed before and after the test and the increase in weight taken as the 
moisture content of the gas. See Chapter on Gas Analysis. 



ALLOYS, I 

ANALYSIS OF NON-FERROUS ALLOYS' 


Classification of Alloys. — There is wide diversification among alloys com- 
monly used, both in properties and in composition. In general, they may be 
divided into two groups, ferrous (containing iron) and non-ferrous (not con- 
taining iron). The great majority of alloys are non-ferrous. Those that do 
contain iron are called '' iron alloys,” to distinguish them from steel. Most 
of these latter are corrosion-resisting, heat-resisting and electrical resistance 
alloys, and resemble alloys that are strictly non-ferrous. 

Alloys are utilized for various purposes requiring for instance : — mechanical 
strength, fatigue, resistance, corrosion resistance, electrical conductivity, light- 
ness, heaviness, toughness, fusibility, infusibility, anti-frictional properties, 
etc. Naturally, one alloy cannot meet all such requirements physically, and 
care must also be exercised in the selection of alloys for economic reasons. 

Many alloys are known to the trade by names ^ which designate their 
prime use in industry; others are otherwise designated. Some alloys of dis- 
similar composition may be put to the same purpose, while alloys of similar 
composition may be unsuited for a common use. Again, the same alloy may 
be put to several purposes. Hence it is apparent that a classification based 
upon the trade name of an alloy or upon the purpose to ^hich the alloy may 
be put would cause considerable confusion. 

The following classification is adopted from W, Campbell : ^ 


Brasses 

Bronzes 

Copper-nickel alloys 
Copper-nickel-zinc alloys 
Aluminum bronzes 
Copper- manganese alloys 
Copper-silicon alloys 
Aluminum alloys 


Magnesium alloys 
Tin ba.se alloys 
Lead base alloys 
Zinc base alloys 
Fusible metals 
Gold alloys 
Silver alloys 
Platinum alloys 


Resistance alloys 
Heat resistance alloys 
Corrosion-rusistance alloys 
Stainless and corrosion re- 
sistance alloys 
Cobalt alloys 
Hard alloys 
Pyrophoric alloys 


♦ Preliminary Examination.— No single reagent will act as a common solvent 
for all alloys. Among the solvents used may be mentioned nitric acid, hydro- 
chloric acid, sulfuric acid, sodium hydroxide, and fusion with alkaline fluxes. 
At times a mixture of acid.s is required. 

The following scheme v^•^th proper modification wdll serve for the identifi- 
cation of most alloys. 


Nitric Acid Method 

Treat one or more grams of the alloy filings or drillings witli concentrated HNOj or 
HNOj (1:1) until the metal is completely decomposed or in solution, adding water if 
necessary to a.ssist solution. 

'Chapter contributed by W. .J. Brown, Chief vVnalyst, National Ijcad Company. 

* Proprietary Alloys,’' Metal Industry, London. 1936. 

* List of Alloys," by W. .Campbell, pubU.shea by the A. S. T. M., 1930. 
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fo) If the metal dissolves, antimony and tin are absent; omit their tests. 

[&) If the metal forms a turbid solution, antimony and tin may be present. To a 
portion, add several volumes of water and boil, (a) If a clear solution is formed treat 
the entire solution in the same way, and omit tests for Sn and Sb. 

(c) If the residue is insoluble, Sb and Sn are indicated, evaporate the entire solution 
to dryness, gently ignite to expel water, add HNOa, heat, dilute and filter. If the 
^trate is turbid, repeat the filtration until clear. 


Precipitate. — Sn 02 ; Sn3(P04)<; SbjO^; 
AszOii, all white and traces of the copper 
group metals. 

а. Digest from 10 to 20 minutes with 
strong K2S, Na^S or (NH4)2S solution and 
filter. 

б . Melt with Na2C03 and sulfur, cool, 
digest with water, and filter. 

Filtrate. — Contains the H2S group 
(without tin and antimony) and (NH4)2S 
group. 

Add from 1 to 3 ml. of concentrated 
H2S04 and evaporate to fumes, cool, dilute 
and filter. 

Precipitate.— 
Traces of copper 
group. If sufficient in 
quantity, dissolve in 
in HNO3; add to fil- 
trate containing 
(NHdaS group. 

Filtrate. — Con- 
tains Sn, Sb, As, in 
solution. Just acid- 
ify with dilute HCI 
and filter. 

а. Analyze the 
precipitated sulfides. 

б . Test the fil- 
trate for phosphates. 

Precipitate. — 
PbS04, white. Treat 
with NH4C2H3O2 
solution, filter, and 
add K2Cr04. A yel- 
low precipitate in- 
soluble in KOH 
proves lead present. 

Filtrate. — Con- 
tains the H2S group 
(without Sn, Sb, and 
Pb and free from 
HNO3) and the 
(NH 4 ) 2 S group. 

Into a portion of 
the solution pass 
in H2S. A precipi- 
tate shows the ores- 



1 ciice of the H2S group metals. 


а. If the group is not present, as shown by a test on a portion of the solution, 
make a test for the (NH^uS group. 

б , If the HiS group is preserit, precipitate the metals with H2S, filter and w^ash. 


Precipitate — Contains the HjS group, 
sulfides (without lead, tin and antimony). 

// mercury is present use (NH^aS to 
separate the sub-groups. 

If mercury is absent digest the precipi- 
tate with 20 % KOH {2 to 3 grams dissolved 
in 10 ml. of water), filter and wash. 


Precipitate.— 

Copper group. 

Analyze by pro- 
cedure outlined for 
the insoluble H2S 
subgroup. 


Filtrate. — Ar- 
senic group in solu- 
tion. Aclaify, filter 
and analyze precipi- 
tate by the proced- 
ure for the soluble 
H2S subgroup. 


Filtrate. — Contains the (NH4)2S group 

а. Test for Phosphates, If found pres- 
ent consult notes on this group in Part II. 

б . Make a test for the group, by mak- 
ing a small portion ammoniacal, and pass- 
ing in HjS, if not present, A precipitate 
other than sulfur indicates the presence 
of the metals of this group. Analyze the 
precipitate by the first procedure on the 
metals of the {NH4)2S group. 

c. If a test is made for magnesium, 
analyze the filtrate by procedures for the 
alkalies. 


Methods of Procedure. — Alloys are too complex and vary too much in 
composition for any single method of procedure to suffice for a complete quan- 
titative analysis. For alloys soluble in nitric acid and containing a moderate 
amount of tin and a small amount of antimony, the scheme for the identifica- 
tion of an alloy may be followed in a more or less general way. For alloys 
containing considerable tin or antimony, solution is best effected with a hydro- 
chloric acid-nitric acid solution or a hydrochloric acid solution with an oxidizing 
agent such as potassium chlorate. Upon evaporation, lead may be separated 
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as chloride. Subsequent treatment will depend upon just what metals are 
present or desired to be determined. A procedure followed for the deter- 
mination of one constituent may be unsuited for the determination of another 
constituent in the same alloy. Thus in a light aluminum alloy, a separation 
of copper, nickel, calcium and magnesium may be made by a treatment of the 
alloy with sodium hydroxide and these metals may be determined in the 
insoluble portion, while determinations for other constituents are made by 
dissolving the alloy in acids. 

It is the exception rather than the rule that a complete analysis of an alloy 
containing several elements is carried out on a single weighed portion. Several 
determinations are made, the choice of method dep)ending not alone upon the 
metals desired or the metals associated with them, but also upon the extent to 
which they may be present. 

DiflSculty of Complete Separation of Elements. — In making an exact metal 
analysis the chemist should have in mind that many of the separations are 
incomplete. Solutions may require further treatment for the recovery of un- 
precipitated portions and precipitates may be contaminated, thus necessitating 
a second and even a third separation. It is only in this manner that the ac- 
curacy of an analysis can be assured. 

Limit of Accuracy. — In general an analysis is conducted in duplicate and 
results expressed in percentages of the alloy should not differ by more than 
1 unit in the number at the right of the decimal point. This applies to com- 
ponents that are present in appreciable amount, say 5, 10 or more per cent. 
Usually a determination for a component present in such an amount is made 
on 1 g. of sample and results that differ by 1 unit in the tenths position repre- 
sent a good percentage accuracy, whereas the same difference would represent 
a poor percentage accuracy when a component is present in small amount, 
as for example 1.0% or less. On the other hand, the same percentage accuracy 
is not to be expected when a minor constituent is present only to the extent 
of about 0.05%; in such a case duplicates as close as 0.04 and 0.05% would 
be satisfactory. 

A metal that is a main component of one alloy may be an impurity present 
in very small amount in some other alloy. It is quite apparent the same method 
of procedure should not be followed in both instances. In order to determine 
a very small amount of an impurity with suitable precision a large sample 
would be analyzed (10 g. or more depending upon the ease of handling and 
the precision desired) or a more sensitive method used or both. It is a common 
practice in the analysis of metals to weigh out charges as large as 200 and 500 
grams. 

The sum of the components of an alloy should, for exact work, total within 
0.2% of 100%. When, for commercial reasons, a total of 100% is expressly 
desired, the difference plus or minus between the summation and 100% must 
be proportionately taken from or added to the several components. (This, 
of course, is not strictly accurate, since the individual errors may vary in 
amount as well as in direction). Occasionally, a main constituent is obtained 
by difference so that the summation is exactly 100%. In reporting percent- 
ages of major components only four significant figures are retained. 

Sampling. — Frequently, to save time, a busy analyst will chip a piece from 
an ear of a pig of metal or rasp a few grams of filings from an edge of a bar. 
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Most alloys are not sufficiently homogeneous to be sampled in this manner. 
In a molten mass of alloy there are generally constituents that have a wide 
range in their melting points and upon cooling, the more infusible ones solidify 
and attain appreciable crystal or particle size while the bulk of the mass is 
still liquid. If the density of the crystals are lighter or heavier than that of 
the bulk of the liquid metal, they will tend to segregate to the top or bottom. 
It is advisable to stir thoroughly while in a completely molten condition before 
casting and if the analyst is taking his own sample from a mixing pot, it should 
be cast in a quick-cooling form. 

Samples submitted to the laboratory may be in a variety of shapes, sizes 
and conditions. When in the form of a pig, ingot or bar, they may be drilled, 
sawed or filed. Filings represent only the portion that is treated and unless 
the whole bar is rasped this method of sampling is to be avoided. Drillings, 
as a rule are too coarse for portions of 1 g. to be weighed out. However, 
drillings from certain low-melting alloys may be melted under rosin, and after 
stirring, cast into a small bar which is sampled by sawing. Sawings generally 
can be weighed out in 1 g. portions and this method is to be preferred for the 
sampling of most alloys. For the correct method of sampling see Sampling 
Metals and Non-Ferrous Alloys ” under chapter on Standard Methods of 
Sampling. 

Even with correct sampling care should be exercised when weighing out 
the portion for analysis. In the case of a 20% antimonial lead alloy, cubic 
crystals of antimony form. These crystals are hard and brittle and will 
pulverize when cut with a hack-saw blade. Consequently, when such an 
alloy is sampled, the sawings obtained ^vill be a mixture of coarse particles 
and fine dust. The coarse particles have an appreciably lower and the dust 
a very considerably higher antimony content than that of the original alloy. 
Sawings of this nature are screened and the fine and ^coarse material weighed. 
Each portion may then be weighed out proportionately and combined or run 
separately and the results calculated back to the original basis. It may be 
possible to weigh without screening if a large portion is weighed out, but in 
that event a different procedure is followed. The material is quartered down 
to approximately the weight desired by a riffle sampler. 

Before weighing out a portion for analysis, pass a magnet through the 
sawings, drillings or filings to remove any iron that may have come from the 
cutting tool. Do not, however, pass a magnet when the alloy itself is magnetic. 


ANALYSIS OF BRASSES AND BRONZES 

A brass, strictly speaking, is an alloy of copper and zinc; a bronze is an 
alloy of copper and tin. In both alloys copper is the predominating metal. 
The modern brass may have other constituents in addition to copper and zinc, 
and the bronze other constituents in addition to copper and tin. In many 
bronzes the tin may be wholly displaced by another metal or metals. 
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Practically all of the following methods given for the analysis of a brass 
or a bronze call for a preliminary separation of tin as met a-s tannic acid by 
means of solution and digestion of the alloy in nitric acid. The meta-stannic 
acid so obtained is subject to contamination by such alloy constituents as 
copper and iron and ^yi\\ quantitatively contain such elements as phosphorus, 
arsenic and vanadium provided the ratio of tin to these elements in the alloy 
is high enough. In addition to the above drawbacks, tin is not always quan- 
titatively precipitated as raeta-stannic acid, particularly when the alloy con- 
tains more than 0.25% of iron. In ordinary analyses of material containing 
but little iron, correction or provision is made for antimony and phosphorus 
when they are present, and the contaminants and the slight solubility losses 
are ignored. This procedure results in compensating errors in the determina- 
tions of copper and tin; for the impurities make up for dissolved tin while the 
dissolved tin plates out to a considerable extent with the copper. In umpire 
analyses, or with alloys high in iron or antimony, the above weaknesses of the 
method must be taken into account and provision must be made for the com- 
plete recovery of all tin, as well as the complete recovery of all contaminating 
elements carried down with the tin.^ 

ANALYSIS OF MANGANESE BRONZE (A BRASS) * 

General Considerations. — Methods are given for the determination of 
copper, tin, lead, iron, manganese and aluminum. Zinc is taken by difference. 

For methods of determining small amounts of zinc and also nickel, phos- 
phorus, antimony, sulfur, arsenic, see Analysis of Bronze Bearing Metals,” 

DETERMINATION OF COPPER BY THE ELECTROLYTIC METHOD 

Apparatus for Electrolysis. Electrodes. — The electrodes recommended are 
of the stationary and nut of the rotating ty|>e, a.s the stationary require less 
operator’s time and there is less chance for erroneou.s results to be obtained 
than with the other kind. Rapid and accurate results are obtained with 
stationary electrodes made from platinum gauze. 

Cathodes . — Platinum cathodes may be formed either from plain or per- 
forated sheets, or from wire gauze, and may be either open or closed cylinders. 
They should give a depositing surface, counting both sides, of approximately 
100 sq. cm. Gauze cathodes are recommended, and are best made from gauze 
containing approximately 400 meshes per sq. cm. (50 meshes per linear inch). 
The cathode should be stiffened by doubling the gauze for about 3 mm. at the 
top and at the bottom of the cylinder. The cylinder should be approximately 
30 mm. in diameter and 30 mm. in height. The stem should be made from 
1.14 mm. or 1.29 mm. wire, flattened and welded the entire width of the gauze; 
the height over all should be approximately 135 mm., and the gauze should 
be sand blasted. 

* A. S. T. M. Metliwls of Chemical Analysis of Metals, p. 157, December, 1936. 

^ A. S, T. M. Methcxls of Chemical Analysis of Metals, p. 13^1, December, 1936. 
These methods, exclusive of that for aluminum, are approved as American Standard by 
the American Standards Association. 

® For Specifications for Manganese-Bronze Ingots, see 1936 Book of A. S. T. M. 
Standards, Part I, p. 563. 
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Anodes * — Platinum anodes may be of the spiral type when used in the 
determination of copper by electrolysis, or in the electrolytic determination of 
lead when it is present in amounts not over 0.2%. When used in electrolytic 
determination of copper and lead together in samples containing 0.2% lead 
or over, the anodes should be of wire gauze. Spiral anodes should be made 
from 1.02 mm. or 1.14 mm. wire formed into a spiral of 7 turns having a height 
of approximately 51 mm. and a diameter of 16 mm., the length over all being 
approximately 145 mm. Platinum gauze used in making anodes should con- 
tain approximately 400 meshes per sq. cm. (50 meshes per linear inch). The 
gauze should be formed into closed cylinders approximately 12 mm. in diam- 
eter and 30 mm. in height. The cylinders should be stiffened by doubling 
the gauze for about 3 mm. at the top and at the bottom. The stem should 
be made from 1,02 mm. or 1,29 mm. wire, flattened and welded the entire 
width of the gauze ; the height over all should be approximately 137 mm., and 
the gauze should be sand blasted. 

Method. — In a 150-ml. beaker dissolve 1 g. of bronze in 10 ml. of HNO3, 
(sp.gr. 1.42). When the action has ceased, evaporate the solution to dryness, 
and bake thoroughly on the edge of a hot plate. Moisten thoroughly with 
HNO3 (sp.gr. 1.42), and after digesting for a short time dilute to 50 ml. with 
distilled water, heat to boiling, and allow to stand and settle for about one 
hour, keeping the temperature just below the boiling point. Filter on double 
7 cm. papers, keeping the solution hot, and receive the flltrate in a 200-ml. 
electrolysis beaker. Wash with boiling hot water. Add to the filtrate 5 ml. 
of H2SO4 (sp.gr. 1.84), and evaporate until copious fumes of H2SO4 are evolved, 
Dilute to about 100 ml. with distilled water, add 1.5 ml. of HNO3 (sp.gr. 1.42). 
insert electrodes, cover with a pair of split watch-glasses and electrolyze. 
For each solution use a current density over night of 0.5 amp. per sq. dm. 
(4.5 amp. per sq. ft.) or use a current density of 4,0 amp. per sq. dm. (36 amp. 
per sq. ft.) for 2^ hours. The latter case requires the use of gauze cathodes. 
When the solution is colorless, wash down cover glasses, electrodes, and sides 
of beaker, raising the level of the liquid slightly and continue the electrolysis 
about 15 minutes, noting whether or not copper is deposited on the newly 
exposed surface of the platinum. If no copper appears, transfer about 1 ml. 
of the colorless solution to the cavity of a porcelain test plate, and add a few 
drops of fresh HaS water. If the slightest discoloration occurs continue the 
electrolysis, repeating the test. Remove the cathode quickly, rinse it in dis- 
tilled water and then dip it in two successive baths of alcohol. Shake off the 
excess alcohol and ignite the remainder by bringing it to the flame of an alcohol 
lamp. Keep the cathode moving continually as the alcohol burns. Weigh as 
metallic copper. 

Accuracy, — Duplicate determinations should check within 0.10% of copper. 

Notes. — 1 . In alloys of the type of manganese bronze, which carry considerable 
iron, it is impossible to remove the tin quantitatively as metastannic acid (H 28003 ), 
notwithstanding the preliminary baking. Upon tasting (by the addition of HjS water), 
the liquid in the pits of the test plate may be colored yellow, due to the tin present, but 
there should be no darkening due to the presence of copper. If the cathode appears 
dark, as though tin had ^en deposited on it, dissolve the coating in 10 ml. of HNOj 
(sp.gr. 1.42), mter off the tin as I^fore, add to the filtrate 5 ml. of H 2 SO 4 (sp.gr. 1.84), 
and redeposit copper by electrolysis. It is rarely necessary thus to purify the deposited 
copper. 
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2. If zinc is to be determined in the alloy be careful to keep the solution quantitative 
when the electrodes are removed, catching all washings in the beaker containing the 
electroljle. 

3. A slight amount of copper is retained by the metastannic acid (H 2 Sn 03 ), which 
should be recovered in very accurate work but is generally neglected in routine analysis. 

4. In the case of alloys containing larger amounts of tin and less than 0.2% of iron, 
a preliminary baking is not essential. 

DETERMINATION OF LEAD BY THE ELECTROLYTIC METHOD 
(For Samples Containing up to 0.2% of Lead) 

Method. — In a 250-ml. beaker dissolve 5 g. of bronze in 25 ml. of HNO 3 
(sp.gr. 1.42). Allow the solution to bake dry on the edge of a hot plate or by 
standing over night on the steam bath. Add 17 ml. of HNO 3 (sp.gr. 1.42), and 
after digesting for a short time, add 85 ml. of hot water and heat to boiling 
for a few minutes. Allow the solution to stand for several hours at a tempera- 
ture just below the boiling point. Filter off the precipitated H 2 Sn 03 on double 
closely woven filter papers, being careful to keep the solution hot throughout 
the process of filtration. Wash with boiling hot water. Receive the combined 
filtrate and washings in a 250-ml. beaker. Dilute to about 150 ml. with dis- 
tilled water and insert electrodes. In the positive terminal use a sand-blasted 
platinum gauze electrode such as is used for the cathode in the determination 
of copper; in the negative terminal insert an electrode such as is used for the 
anode in the determination of copper. Cover with a pair of split watch glas.ses 
and electrolyze. For each solution use a current density of 1.25 to 1,5 amp. per 
sq. dm. (11.25 to 13.5 amp. per sq. ft.) for one hour. Wash down the cover 
glasses, electrodes and sides of beaker, raising the level of the liquid slightly, and 
continue the electrolysis for 15 minutes. If no darkening of the newly e.xposed 
surface of the platinum can be detected the lead has been entirely deposited. 
Continue the electrolysis until no darkening of the platinum can be detected 
when the current has been passed for 15 minutes after the level of the li([uid 
has been rai.sed. 

When the lead has been entirely deposited, remove the anode quickly, rinse 
it in distilled water and then in alcohol, and dry it at 210° C. for one-half 
hour. Weigh as Pb02, using the factor for lead 0.8643 instead of the theo- 
retical value. 

Accuracy. — Duplicate determinations should check within 0.01% of lead. 
Results obtained by this method are likely to he about 0.01% too high. For 
exceptionally accurate or investigation work redissolv'e the coating from the 
electrode and determine the lead as sulfate. See the " Determination of Lead 
as Sulfate.” 

Notes. — 1. It is impossible to remove the tin quantitatively as H 2 Sn ()3 in the case 
of alloys containing over 0.25% of iron, and traces of tin are sometimes found in tlie 
Pb02 deposit. Small amounts of manganese also are occasionally deposited with the 
Pb02. Tin and manganese arc rarely present in the Pb ()2 in amounts which necessitate 
a purification of the deprjsit. 

2. In thi-s and the following methtnl a slight amount of lead may be rctaine<l by the 
H^SnOj. This should be recovered in very accurate work, but is neglected in routine 
analysis. 

.3. See note 4 under "Determination of Copper by the Electrolviic Method.” 

4. See note 2 under " Determination of Lead by the Electrolytic Method, Analysis of 
Bronze Bearing Metal.” 
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DETERMINATION OF LEAD AS SULFATE 
(For Samples Containing up to 0.2% or Lead) (Optional) 

Solutions Required. Lead Acid , — Mix 300 ml. of H2SO4 (sp.gr. 1.84), and 
1800 ml. of distilled water. Dissolve 1 g. of lead acetate, c.p., in 300 ml, of 
distilled water and add this to the hot solution, stirring meanwhile. Let 
stand at least 24 hoyrs and siphon through a thick asbestos filter. 

Dilute Alcohol for Washing , — Mix equal parts of denatured alcohol and 
distilled water. 

Method. — Proceed exactly as in “ Determination of Lead by the Electro- 
lytic Method up to the point where the precipitated H2Sn03 is filtered and 
washed. 

To the combined filtrate and washings add 120 ml. of lead acid, and evap- 
orate until copious fumes of H2SO4 are evolved. Cool, add 105 ml. of distilled 
water to dissolve the salts and to make the acid concentration the same as 
in lead acid, heat to boiling, and allow to cool and settle for 5 hours, or over 
night if convenient. Filter on a weighed porcelain Gooch crucible and wash 
with lead acid. Wash out the lead acid with dilute alcohol, set the gooch 
crucible inside a porcelain crucible, dry and ignite for 5 minutes at the full 
heat of a Tirrill burner, cool and weigh as PbS04, which contains 68.33% lead. 

Accuracy. — Duplicate determinations should check within 0.01% of lead. 
Results obtained by this method are likely to be about 0.01% too low. 

Notes. — 1. It is impossible to remove the tin quantitatively as HaSnOs in the case of 
alloys containing over 0.25% of iron, but by the preliminary baking and long standing, 
most of the H 2 Sn 03 is precipitated. 

2. See Note 4 under "Determination of Lead by the Electrolytic Method.” 

3. For the determination of lead as a sulfate in alloys containing over 0.2% see, 
"Analysis of Bronze Bearing Metal.” 

DETERMINATION OF COPPER AND LEAD SIMULTANEOUSLY 
(For Samples Containing over 0.2% of Lead) 

Method. — In a 150-ml. beaker, dissolve 1 g. of brass in 10 ml, of HNO3 
(sp.gr. 1.42). When the action has ceased, evaporate the solution to dryness, 
and bake thoroughly on the edge of a hot plate. Add 10 ml. of HNO3 (sp.gr. 
1.42), and after digesting for a short time add 50 ml. of hot distilled water, heat 
to boiling, and allow to stand and settle for about one hour, keeping the tem- 
perature just below the boiling point. Filter on double 7 cm. filter paper, 
keeping the solution hot, and receive the filtrate in a 200-ml. electrolysis beaker. 
Wash with boiling water, dilute to about 100 ml, and insert electrodes. In 
the positive terminal insert one of the platinum gauze anodes previously 
described, and in the negative terminal insert a platinum gauze cathode. 
Cover with a pair of split watch glasses and electrolyze. For each solution use 
a current density of 3 to 5 amp. per sq. dm. (27 to 45 amp. per sq. ft.). After 
about 45 minutes, the lead will have been entirely deposited on the anode as 
Pb02; without interrupting the current add to the electrolyte 3 to 4 ml. of 
H2SO4 (sp.gr. 1.84), and continue the electrolysis. When the solution is color- 
less, wash down the cover glasses, electrodes and sides of the beaker, raising 
the level of the liquid slightly, and continue the passage of the current for 
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about 15 minutes, noting whether or not copper is deposited on the newly- 
exposed surface of the platinum. If no copper appears, transfer about 1 ml. 
of the colorless solution to the cavity of a porcelain test plate, and add a few 
drops of fresh HsS water. If the slightest discoloration occurs, continue the 
electrolysis until there is no discoloration whatever upon repeating the test. 
Remove the solution from the electrodes quickly without interrupting the 
current. Rinse the electrodes in* distilled water and then dip them in two 
successive baths of alcohol. Dry the anode at 210*^ C. for 30 minutes. Weigh 
as PbOz, using the factor for lead 0.8643 instead of the theoretical value. 
Shake off the excess alcohol from the cathode and ignite the remainder by 
bringing it to the flame of an alcohol lamp. Keep the cathode moving con- 
tinually while the alcohol burns. Weigh as metallic copper. 

Accuracy. — Duplicate copper determinations should check within 0.10% 
of copper. Duplicate lead determinations should check within 0.02% of lead. 
Lead results obtained by this method are likely to be about 0.01% too high. 
See notes under the “ Determination of Lead by the Electrolytic Method.” 


DETERMINATION OF TIN 

Solutions Required. Dilute Hydrochloric Acid. — Mix 500 ml. of HCl 
(sp.gr. 1.18), and oOO ml. of distilled water. 

Dilute Sulfuric Acid.— Mix 300 ml. of H2SO4 (sp.gr. 1.84), and 600 ml, of 
distilled water. 

Dilute Ammonia. — Mix 100 ml. of NH40H (sp.gr. 0.90), and 900 ml. of 
distilled water. 

Ammonium Acetate Solution for Washing. — Di.s.soIve 10 g. of ammonium 
acetate in 300 ml. of distilled w*ater. Make slightly acid with acetic acid and 
saturate with HjS gas. 

Method. — In a 150-mI. beaker dissolve 2 g, of bronze in a mixture of 10 ml. 
of HCl (sp.gr. 1.18), and 5 ml. of HNOa (sp.gr. 1.42). Dilute to about 75 ml. 
with distilled water. Add NH4OH (sp.gr. 0.90), until the basic salts of copper 
have dissolved and the solution has become a deep blue. Boil and allow to 
settle, and filter on a closely woven filter paper. Wash with dilute ammonia 
and with hot water. Dissolve the precipitate on the filter wdth hot dilute HCl. 
Dilute the solution to about 100 ml. Add NH4OH (sp.gr. 0.90) until a per- 
manent precipitate forms. Heat the solution to boiling, allow to settle, filter 
and wash as before. DLssolve the precipitate on the filter with boiling hot 
dilute H2SO4, washing the paper very thoroughly with this acid. Add NH4OH 
(sp.gr. 0.90) cautiously until the precipitate which forms at first dissolves 
rather slowly. Allow the solution to stand for some hours and if any lead 
sulfate forms filter it off. Dilute the solution to about 200 ml. and saturate 
it with H2S gas. Filter the precipitated tin sulfide off on double papers and 
wash with ammonium acetate solution, retaining the filtrate and washings for 
the iron determination. Dry the precipitate and place it with the papers in a 
porcelain crucible which projects part way through a hole in a piece of asbestos 
board. Heat slowly until any free sulfur has been driven off, but without 
allowing the sulfur to bum. When the sulfur has been expelled, place the 
crucible on a triangle and ignite slowly at first and finally at the full heat of the 
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burner. If the precipitate weighs more than 20 mg. heat to constant weight, 
using a blast lamp .Weigh as SnOz, which contains 78.77% of tin. 

Accuracy. — Duplicate determinations should check within 0.06% of tin. 

Notes. — 1. If, during ignition, the sulfur is allowed to bum, some tin sulfate may 
be formed, causing high results. On the other hand, low results may be caused by 
too high heat, which causes spattering and volatilizes some tin sulfide. 

2. Tin and iron are best determined on the same sample, retaining the filtrate from 
the tin sulfide precipitate to use for the iron determination. 

3. For the determination of tin in alloys containing more tin than is present in this 
alloy see “Analysis of Bronze Bearing Metal.” 

4. In alloys containing an appreciable amount of antimony and in the presence of a 
large excess of tin, the antimony as determined by the method given under “Analysis 
of Bronze Bearing Metal ” should be calculated to SbaO^ and a corresponding amount 
deducted from the weight of the ignited SnOz before calculating to tin. Similarly 
arsenic found in the alloy should be calculated to AsaOs and a corresponding correction 
made. 


DETERMINATION OF IRON 

Solutions Required. — See “ Determination of Tin,” and the following: 

Dilute Sulfuric Acid for Reductor , — Mix 50 ml. of H 2 SO 4 (sp.gr. 1.84), 
and 1000 ml. of distilled water. This solution is used boiling hot. 

Potassium Permanganate ^ — Dissolve 0.2 g. of KMn 04 in water, filter 
through asbestos, and dilute to 1000 ml. with distilled water. Standardize 
against 0.020 g. portions of pure sodium oxalate. Each milliliter is equivalent 
to approximately 0.00033 g. of iron. 

Method. — Proceed exactly as in the “ Determination of Tin ” through the 
filtration and washing of the precipitated tin sulfide. Combine the filtrate 
and washings from the tin sulfide precipitate and boil until all H 2 S is expelled. 
Add HNO 3 (sp.gr. 1 42) until the iron is oxidized, which is shown by the solu- 
tion becoming clear and of a yellowish color. Add about 5 g. of NH 4 C 1 , then 
NH 4 OH (sp.gr. 0.90) until a permanent precipitate forms. Boil, allow to 
settle, filter on a loosely woven filter paper and wash with dilute ammonia 
and with hot water. Dissolve the precipitate on the paper with hot dilute 
HCl and add NH 4 OH (sp.gr. 0.90) to the solution again until a permanent 
precipitate forms. Boil, allow to settle, filter on a loosely woven filter paper, 
and wash with dilute ammonia and with hot water until all NH 4 CI is remoyed. 
Dissolve the precipitate and wash the filter paper with 100 ml. of dilute H 2 S 04 
for reductor. Pass tlie solution through a Jones reductor, wash first with 
150 ml, of the H 2 SO 4 for reductor and then with 100 ml. of distilled water. 
Titrate with the standard KMn 04 solution. 

Accuracy. — Duplicate determinations should check within 0.03% of iron. 

Notes. — 1. A blank determination should be made on corresponding amounts of acid 
and water passed through the reductor and the results should be corrected accordingly. 
About 0.5 ml. of the permanganate will be required to give a permanent coloration to 
the solution. 

2. A small quantity of liquid should alw^ays be left in the reductor funnel, and air 
should never be allowed to enter the body of the reductor. 

3. A description and further details of use of reductor see “Estimation by Reduction 
with Jones Reductor and Oxidation by Standard Permanganate Solution ” and “ Notes on 
Reductor Technique” in chapter under Molybdenum. 

4. For the determination of iron in alloys containing more tin than is present in this 
alloy see “Analysis of Bronze Bearing Met^.” 
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DETERMINATION OF MANGANESE BY THE PERSULFATE 
METHOD 

Solutions Required . — Solvtion for Dissolving. Mix 500 ml. of H2SO4 
(sp.gr. 1.84), 200 ml. of HNO3 (sp.gr. 1.42) and 1700 ml. of distilled water. 

Silver Mfrafe.— Dissolve 1.33 g. of AgNOa in 1000 ml. of distilled water. ^ 

Stock Sodium Arsenite Solution . — To 15 g. of arsenious oxide (AS2O3) in 
a 300-nil. Erlenmeyer flask add 45 g. of NaaCOs and 150 ml. of distilled water. 
Heat the flask and contents on the steam bath until the AS2O3 is dissolved. 
Cool the solution, filter and make up to 1000 ml. with distilled water. 

Standord Sodium Arsenite Solution . — Mix 200 ml. of the stock sodium 
arsenite solution with 2500 mi. of distilled water, and standardize against a 
steel or iron of known manganese content as determined by the Bismuthate 
Method, or standardize against one of the Bureau of Standards’ standard 
irons or steels. One milliliter of this solution should be equivalent to approxi- 
mately 0.00035 g. of manganese. 

Ammonium Persulfate , — Dissolve 6 g. of ammonium persulfate in 100 ml. 
of distilled water. (This solution should be made up as needed as it deteri- 
orates rapidly.) 

Method. — Adjust the size of the sample to the expected percentage so that 
the portion taken does not contain more than 0.002 g. of manganese. 
it in a 250-ml. Erlenmeyer flask with 24 ml. of the ‘‘ solution for dissolving 
and heat until solution is complete. Boil until the oxides of nitrogen are 
expelled. Dilute to 100 ml. with boiling hot water, add 20 ml. of AgXOa 
solution and 30 ml. of the persulfate solution, then remove to a moderately 
warm place to stand for a few minutes for complete development of the per- 
manganic acid. Cool to below 25° C., and titrate with the standard arsenite 
solution to the disappearance of the pink color. 

Accuracy. — Duplicate determinations should check within 0.02% of manga- 
nese. 

Notes. — 1. Large amounts of permanganic acid arc unstable; on that account 
samples which contain Sarge amounts of manganese should have corrcsi>ondingly small 
samples weighed out. For instance, with metal containing \.o% nf manganese use a 
0.10 g. sample, w'hile if metal contains 0,757c manganese u.se a 0.20 g. sample. 

2. The solution must be cold when it is titrated, for high tcmperature.s cause low 
results to be obtained. 


DETERMINATION OF MANGANESE BY THE BISMUTHATE 
METHOD (OPTIONAL) 

Solutions Required. Nitric Acid {1 : 3 ). — Mix 250 ml. of HNO3 (sp.gr. 
1.42). and 7.50 ml, of distilled water. 

Nitric Acid for tFashini?.— Mix 30 ml. of HNO3 (sp.gr. 1.42), and 970 ml. 
of distilled water. 

Ferrous Ammonium Sulfate . — Dissolve 12.4 g. of ferrous ammonium sul- 
fate crystals in 950 ml. of distilled water, and add ,50 ml of Il2Sf)4 (sp.gr. 1.84). 

Potassium Permanganate . — Dissolve 1 g. of KMhOa in 1000 ml. of distilled 
water. Allow it to stand for about one week and then filter it through asbes- 
tos. Standardize again.st 0.10 g. portioms of pure sodium oxalate. 
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Method. — In a 250-ml. Erlenmeyer flask dissolve 1 g. of bronze in 50 ml. 
of HNO 3 (1 : 3). Without filtering off the HsSnOa, cool and add 0.5 g. of 
sodium bismuthate. Heat for a few minutes until the purple color has dis- 
appeared, with or without the precipitation of manganese dioxide. Add a little 
ferrous-ammonium sulfate solution until the solution becomes clear, and boil 
until the oxides of nitrogen are expelled. Cool, add an excess of sodium bis- 
muthate and agitate for a few minutes. Add 50 ml. of HNO 3 for washing and 
filter through an alundum crucible or an asbestos pad. Wash with 50 ml. of 
the HNO 3 for washing. Add from a pipette or a burette 10 ml, of ferrous- 
ammonium sulfate solution and titrate with KMn04. Owing to the presence 
of considerable copper, the end point is somewhat different from the normal 
pink color. 

In exactly the same manner carry through a blank determination, using the 
same amounts of HNO 3 and sodium bismuthate as was done with the regular 
sample. Finally add exactly 10 ml. of ferrous-ammonium sulfate solution and 
titrate with KMn04. The difference between the two titrations is due to the 
manganese. Since one manganese as permanganate oxidized five irons, the 
iron value of the permanganate multiplied by the factor (Mn/5Fe) (or 0.1967) 
gives the value in terms of manganese. 

Accuracy. — Duplicate determinations should check within 0.02% of man- 
ganese. 

Notes. — 1. Instead of employing the method of reducing the permanganic acid by 
means of standardized ferrous ammonium sulfate solution and titrating the excess of 
this reagent, it is possible to reduce the permanganic acid by standard sodium arsenite 
solution. See “Determination of Manganese by the Persulfate Method.” 

2. The filtrate from the bismuthate must be perfectly clear, as the least particle. of 
bismuthate carried into the filtrate will vitiate the results, 

DETERMINATION OF ALUMINUM IN SMALL QUANTITIES^ 
(a) General Method for Accurate Work 

Solutions Required. Electrolytic Solution^' — Mix 300 ml. of HNO 3 
(sp.gr. 1.42), 1700 ml. of distilled water and 500 ml. of ILSOj (sp.gr. 1.84), 

Acidified H^S Solution for Washing. — Dilute 10 ml. of HCl (sp.gr. 1.18) 
with 1000 ml. of distilled water and saturate with H2S, 

Phenylhydrazine Solution for Washing. — Add saturated SO2 water to a 
few ml. of phenylhydrazine until the crystalline sulfite first formed redissolves 
and then add phenylhydrazine drop by drop with vigorous agitation until the 
odor of SO 2 is no longer perceptible; dilute 5-10 ml. of this solution with 100 
ml. of hot water and allow to remain at the boiling point for a few minutes to 
get rid of the excess SO 2. 

2% NH,Cl Solution for Washing. —Mix 30 ml. of HCl (sp.gr. 1.18) with 
200 ml. of distilled water, add methyl red, neutralize with NH4OH until the 
solution changes to a distinct yellow and then dilute to 1000 ml, with water. 

Method. — Dissolve 1 g. of the brass or bronze in 35 ml. of electrolytic 
solution,” dilute with 100 ml. of distilled water and remove copper by elec- 
trolysis. Evaporate the electrolyte to fumes of SO3. (If much tin is present, 

^ A. S. T. M. Methods of Chemical Analysis of Metals, p. 170, December, 1936. 
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boil the sulfuric acid solution vigorously for a few minutes.) Cool and dilute 
with 100 ml. of water. Filter off the PbS04 and any tin that may be precipi- 
tated at this point, washing with hot water. Dilute the filtrate to at least 
200 ml. 

Pass H2S into the filtrate for 30 minutes. This will precipitate any copper, 
lead, tin, arsenic or antimony which may be present. Allow the sulfides to 
settle and filter, washing with acidified HjS water. Boil the filtrate to one- 
half volume to expel H2S, add 3 mh HNO3 (sp.gr. 1.42) and boil for a few 
minutes to oxidize the iron. 

Precipitate the iron and aluminum according to the following (Blum, 
J. Am. Chem. Soc., 38, 1282, 191G). Add 10 ml. of HCl (sp.gr. 1.18) and 
just neutralize with NH4OH, using methyl red as indicator. Boil for two 
minutes and filter, washing with hot 2% NH4CI. Dissolve the precipitate 
from the paper with boiling hot HCl (1:1) and w’ash alternately with hot 
water and HCl (1 : 1) into the beaker in which the precipitation was made. 
Reprecipitate the iron and aluminum following the same procedure as before. 

Dissolve the precipitate again with hot HCl (1 : 1), dilute to 100 ml. with 
water, make just ammoniacal, then only add acid enough to hold iron in 
solution. Add sufficient saturated solution of ammonium bisulfite to reduce 
the iron (5 to 20 drops). Add a few drops of methyl orange, quickly bring to 
neutrality with NH4OH and then add 6 to 7 drops of HCl (1 : 1) in excess. 
Finally add from 1 to 3 ml. of phenylhydrazine and stir until the precipitate 
becomes flaky. The supernatant liquor should be plainly acid to litmus and 
the precipitate may be colored owing to organic matter. Filter and w’ash with 
phenylhydrazine wash solution. Ignite in a weighed platinum crucible, finish- 
ing with the blast for five minutes. Weigh as AI2O3. The W'eighing should 
be made rapidly and with the crucible covered as AUOa is somewhat hygro- 
scopic. 

Notes, — 1. For small amounts of aluminum a 5 g. sample should be iLsed, In this 
case dissolve in 60 ml. of “assay solution’' of the following proportion.^: 7 vols. HNO 3 
(sp.gr. 1.42), 10 vola. (sp gr. 1.84), 2.5 vols. HjO. 

2. When phosphorus is present, the final precipitate will be AljOa plas P 2 O 5 . Tn 
this case it is necessary to fuse the residue with NajCOi, dissolve with hot W’ater, acidify 
with HNOa and determine phosphorus by the alkalimetric method. The phosphorus is 
calculated to PiO* and subtract^. 

3. For accurate work the AI 2 O 1 residue is treated with HF and HjS 04 for the removal 
of possible SiOi. 

4. Ammonium bisulfite solution may be prepared by saturating cold NH4OH (1 : 1) 
with SOj until yellow. 

5. This method is especially satisfactory for small amounts of aluminum in bra.sa 
or bronze since no reagents are used wiiich may contaminate the precipitate with alu- 
minum, iron or silica. A precipitate with phenylhydrazine give.s |xttitive indication of 
the presence of aluminum. 

(b) Rapid Method for Control Work 

Solutions Required. 2.S% Sodium Hydroxide So/ufi on.— Dissolve 25 g. 
NaOH (free from aluminum) in 1000 ml. water. 

Sodium Sulfide Soluiioru — Dissolve 150 g. NaOH (free from aluminum) in 
1000 ml. of water, saturate 500 ml, of this solution with H2S and mix the re- 
maining 500 ml. of solution with it. 



ANALYSIS OF NON-FERROUS ALLOYS 1361 

Dilute Hydrochloric Acid [1 : J).— Mix 200 ml. of HCl (sp.gr. 1.18) with 
600 ml. of water. 

Acidified H 2 S Water , — Dilute 10 ml. of HCl (sp.gr. 1.18) with 1000 ml. of 
water and saturate the solution with HjS. 

2% NHiCl Solution, — Mix 30 ml. of HCl (sp.^. 1.18) with 200 ml. of 
water, add methyl red, neutralize with ammonia until the solution changes to 
a distinct yellow and then dilute to 1000 ml. with water. 

Method. — Dissolve 2 g. of the sample in 20 ml. of HCl (sp.gr. 1.18) and 
5 ml. of HNO3 (sp.gr. 1.42). Boil the solution to expel chlorine and dilute 
with 50 ml. of water. Nearly neutralize the cold solution with 2.5% NaOH 
solution (or stronger if much free acid Ls present) and pour it slowly with 
constant shaking into a 500-ml. volumetric flask containing 100 ml. of sodium 
sulfide solution. Dilute to the mark with 2.5% NaOH solution and mix thor- 
oughly. Filter on a large, dry, No. 42 Whatman filter paper or its equivalent 
and keep the paper well filled with the solution lest iron be oxidized and 
dissolved. Reject the first 20-25 ml. and catch exactly 250 ml. which will 
represent 1 g. of sample. In routine analysis of material containing not 
more than 1% of aluminum the aliquot portion may be gathered in a 250-ml. 
graduate. 

Transfer the aliquot portion to a 600-ml. beaker, neutralize the solution 
with dilute HCl (1:3) and finally add 25 ml. excess. Digest at 40-60° C. 
for one hour and filter and wash the paper and precipitate with acidified H2S 
water. 

Boil the filtrate and washings to expel H2S, add a few drops of methyl 
red indicator and then dilute ammonia (1 : 2) until the solution is just dis- 
tinctly yellow. Boil for two minutes and filter at once through a small filter. 
Wash the beaker, paper and precipitate two or three times with hot 2% NH4CI 
solution and discard the filtrate. Dissolve the precipitate in 20 ml. of hot 
dilute HCl (1 : 3), wash the filter thoroughly with small portions of water and 
reserve it for the second filtration. Dilute the filtrate to 50 ml., add methyl 
red and precipitate with dilute ammonia as before. Filter, wash with hot 2% 
NH4CI solution and ignite and weigh. 

The ignited residue is prone to carry Si02 and must be purified before 
weighing as follows. Add one or two drops of water, one drop of diluted 
H2SO4 and 1 to 5 ml. HF. Evaporate to dryness, increase the heat slowly 
and finally heat with a blast lamp or its equivalent. Weigh as AI2O3. The 
weight of AI2O3 corrected for the blank and multiplied by 52.91 gives the per 
cent of aluminum. 

Notes. — The first Al(OH )3 precipitate will carry down some NaCl and much of any 
silica that was dissolved in the NaOH solution; hence it is not safe to omit the second 
precipitation and HF treatment. There is no attack on the glassware during the short 
contact with the weak cool alkaline solution. It is, of course, preferable that the NaOH be 
free from aluminum. The most satisfactory test for it lies in running an« analy^s with 
non-fe^ous alloys containing no Al. Direct test, by acidification followed by precipita- 
tion with ammonia is sufficient if no precipitate is obtained, but is of doubtful value in 
case one appears, for it may contain other elements, such as iron, which do not affect the 
results. 

If phosphorus is known to be present the method should be followed through the first 
addition of ammonia. If aluminum is indicated, re-acidify the solution with HCl, add 
macerated paper, two drops of methyl orange and 10 ml. of a solution of diaramonium 
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phosphate (10%). Render the solution just ammoniacal, then just restore the pink color 
with dilute HCl (1 ; 3), heat to boiling and add 30 ml. of 25% ammonium acetate. Boil 
for five minutes, filter on an 11 cm. No. 42 Whatman paper and wash with hot 5% 
NH4NO3 solution until 5 ml. of the 'washings no longer give a test for chlorides. Ignite 
in platinum or porcelain, heat at about 1100'’ C. for 10 minutes and weigh as a 3 * 04 . 
This method is not strictly accurate on account of the uncertain composition of the 
phosphate but is sufficiently accurate for all but the most painstaking analyses. 


ANALYSIS OF BRONZE BEARING METALS® 

General Considerations. — The determinations given below cover most of 
the constituents commonly found in a bronze. 

For the determination of manganese and aluminum see “ Analysis of Man- 
ganese Bronze.” 


DETERMINATION OF COPPER BY THE ELECTROLYTIC METHOD 

Method. — In a loO-ml. beaker, dis.solve 1 g. of the bronze in 10 ml. of 
HNO 3 (.sp.gr. 1.42). When the action has ceased, boil until the oxides of 
nitrogen are expelled, add 50 ml. of hot distilled water and proceed as in 
“ Determination of Copper by the Electrolytic Method, Analysis of Manga- 
nese Bronze.” 

Retain the papers containing the precipitate of H 2 Sn 03 for subsequent use 
in the tin determination. 

Notes. — 1. Copper, zinc and tin are conveniently determined on the .‘^me sample, 
tin being first removed, and any zinc tested for after copper has been dejxjsited by 
electrolysis. 

2. If the solution becomes cool during the first filtration, some of the IRSnOj may 
dissolve. 

3. See note 3 under '' Determination of Copjx?r by the Electrolytic Method, Analysts 
of Manganese Bronze.” 

4. For alloys containing over 0.25% of iron it is advisable to remove the tin as 
HjSnOj by a preliminary baking. See “ Determination of Copper Analysis of Manganese 
Bronze.” 


DETERMINATION OF TIN 
(FOR SAMPLES FREE FROM PHOSPHORUS) 

Method. — See the ” Determination of Copper by the Electrolytic Method.” 

Use the papers containing the meta-stannic acid which was filtered off in 
the “ Determination of Copper by the Electrolytic Method.” Ignite the 
papers with the precipitate while moist in a porcelain or platinum crucible, 
slowly at first, and finally at the full heat of the burner. If the precipitate 

» A. S. T, M. Methexis of Chemical Analysis of Metals, p. 157, December, 1936. 
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weighs more than 20 mg., heat to constant weight, using a blast lamp. Weigh 
as Sn 02 , and calculate to Sn, 

Notes. — 1. This method is not accurate for alloys which contain phosphorus, or 
which contain over 0,25% of iron. See “Determination of Tin, Analysis of Manganese 
Bronze.” 

2. The ignited tin oxide contains small amounts of iron and copper as well as any 
phosphorus, antimony or arsenic which may be present in the alloy. Qualitative tests 
should be made for phosphorus, antimony and arsenic. In the absence of antimony 
and arsenic the following “Qimlitative Test for Phosphorus” is here made use of to detect 
phosphorus and to estimate its amount, if any is found. 


QUALITATIVE TEST FOR PHOSPHORUS 

Solutions Required* Ferric Chloride. — Dissolve 25 g. of ferric chloride in 
100 ml. of distilled water, and add 25 ml. of HCl (sp.gr. 1,18). 

Method. — Dip a piece of the alloy into a few milliliters of ferric chloride 
for about ten seconds, and rinse it in running water. Alloys containing 
phosphorus are darkened noticeably where they have been dipped; alloys 
containing over 0.25% of phosphorus are rendered almost black by this test. 

In alloys containing up to 0.20% of phosphorus, a correction for its presence 
in the ignited tin oxide may be made according to the following empirical 
method. From the phosphorus content of the alloy, which has been deter- 
mined on a separate sample, calculate the weight of P 2 O 5 and subtract two- 
thirds of this weight from the \veight of the ignited tin oxide containing phos- 
phorus. The remainder is considered as pure Sn 02 . The factor for converting 
phosphorus to %XP205 is 152.6%, or approximately times the phosphorus 
content of the sample. 

If the alloy contains over 0.20% of phosphorus, a special method for the 
determination of tin should be used. 

In alloys which contain over 0.25% of iron, use the method for the ‘‘ Deter- 
mination of Tin, Analysis of Manganese Bronze.” 


DETERMINATION OF TIN FOR SAMPLES CONTAINING 
PHOSPHORUS 

Solutions Required. Yellow Ammonium Sulfide. — Saturate 150 ml. of 
NH4OH (sp.gr. 0.90) with II 2 S gas, and then add 50 ml. more of NH4OH. 
Dissolve in this solution 3 or 4 g. of sulfur flour, and about 1 g. of NH4CI. 
Make up this solution fresh, and filter immediately before using. 

Dilute Yellow Ammonium Sulfide for Washing. — Mix 20 ml. of yellow 
ammonium sulfide, prepared as above, and 400 ml. of distilled water. 

Ammonium Acetate for Washing. — Dissolve 10 g, of ammonium acetate in 
300 ml. of distilled water, make slightly acid with acetic acid and saturate 
with HzS gas. 

Method. — See the “ Determination of Copper by the Electrolytic Method.” 
Use the papers containing the freshly filtered meta-stannic acid wdiich 
was filtered off in the “ Determination of Copper by the Electrolytic ^lethod.” 
Transfer the papers with the precipitate to a ISO-ml. beaker, and cover with 
40 to 50 ml. of yellow ammonium sulfide. Warm for about 15 minutes, or 
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until the meta-stannic acid has dissolved. Filter and wash thoroughly with 
dilute yellow ammonium sulfide. Acidify the combined filtrate and washings 
cautiously with 50% acetic acid. Warm, and allow the precipitated tin sulfide 
and sulfur to settle. Filter on double papers and wash with ammonium 
acetate solution. Dry the precipitate, and proceed exactly as in “ Determi- 
nation of Tin, Analysis of Manganese Bronze.^’ 

Notes. — 1. The ignited tin oxide will contain any arsenic or antimony that was 
present in the sample. For its correction see Note 4, “Determination of Tin,” Analysis 
of Manganese Bronze. 

2. In the case of alloys containing smaller amounts of tin and over 0,25% of iron 
proceed as in “Determination of Tin, Analysis of Manganese Bronze.” 


DETERMINATION OF LEAD BY THE ELECTROLYTIC METHOD 

Method. — Proceed exactly as in “ Determination of Copper by the Electro- 
lytic Method ” up to the point where the tin has been separated as H 2 Sn 03 . 

To the filtrate add 9 ml. of HNOa (sp.gr. 1.42), dilute to a volume of about 
150 ml. and electrolyze for 2 hours, using a current of 2 amperes. See “ De- 
termination of Lead by the Electrolytic Method, Analysis of Manganese 
Bronze.^’ 

Notes. — 1. See Notes 1 and 2 under “Determination of I^ead by the Electrolytic 
Method, Analysis of Man^nese Bronze.” 

2. Samples for An(U}/sis. — ^\'hen lead is less than 0.10%, a 5 or 10 g. sample is taken. 
The 5 g. sample should be dissolved in 25 m!. of HXOj. The 10 g. sample should be 
dissolved in 45 ml. of HNOj. VMien the lead content is greater than 15% dissolve the 
sample in HNOj as describe under Method, transfer the solution to a graduated fla<=k 
and choose aliquot portions for analysis in order not to exceed the above mentioned limit 
of lead to be depasited on the anode as PbOz. The lead peroxide will tend to flake off 
the electrode when the amount deposited becomes exces.sive. 


DETERMINATION OF LEAD AS SULFATE 
(OPTIONAL) 

Solutions Required. — See “ Determination of Lead as Sulfate, Analysis of 
Manganese Bronze.^’ 

Method. — In a 150-ml. beaker dissolve 1 g. of bronze in 10 ml. of HNOj 
(sp.gr. 1.42). When dissolved, boil until the oxides of nitrogen are expelled, 
add 50 ml. of boiling w'ater, allow to stand, filter and "wash with hot water. 
(For further particulars see “ Determination of Copper, Analysis of Manga- 
nese Bronze.*') 

To the filtrate add 40 ml. of lead acid and evaporate to fumes of HjSO^. 
Cool, add 35 ml. of water to dissolve the salts, heat to boiling, allow to cool 
and settle for 5 hours and proceed as in “ Determination of I>ead as Sulfate, 
Analysis of Manganese Bronze." 

Notes. — 1. Copper and lead may be determined on the same samples if so desired. 
In such a case, after filtering off the leatl sulfate and washing with lca<i acid, and before 
washing with dilute alcohol, remove the filtrate, add 3 ml. of HXOj (sp.gr. 1.42), dilute 
to 120 ml. tuid determine copper by electrolysis. See the “ Determination of Copper by 
the Electrolytic Method.” 
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2. Coj^r and lead may also be determined simultaneously by the electrolytic 
method. Me “Analysis of Manganese Bronze.” 

3. For amounts of lead less than 0.2% proceed as in “Determination of Lead as 
Sulfate, Analysis of Manganese Bronze.” 

DETERMINATION OF IRON 

Solutions Required. Yellow Ammonium Sulfide and Dilute Yellow Am- 
monium Sulfide for Washing . — See ‘‘ Determination of Tin.” 

Other Solutions. — See “ Determination of Iron, Analysis of Manganese 
Bronze.” 

Method. — Proceed exactly as in Determination of Copper ” up to the 
point where the tin has been separated as H2Sn03. 

Retain both the filtrate and the precipitate. Transfer the papers with the 
precipitate to a 150-ml. beaker, and cover them with 40 to 50 ml, of yellow 
ammonium sulfide. Warm about 15 minutes, or until the meta-stannic acid 
is dissolved. Filter and wash thoroughly with hot, dilute yellow ammonium 
sulfide. 

Dissolve the small black residue on the filter with hot dilute HCl, receiving 
the solution in a small beaker. Add 5 ml. of HNO3 (sp.gr. 1.42) and boil to 
oxidize sulfur and iron. Add this small solution to the original filtrate from 
the meta-stannic acid. Add about 5 g. of NH4CI, then NH4OH (sp.gr. 0.90) 
and proceed as in the “ Determination of Iron, Analysis of Manganese Bronze,” 


DETERMINATION OF NICKEL BY THE DIMETHYLGLYOXIME 

METHOD 

Solutions Required. Dimethylglyoxime Solution . — Dissolve 5 g. of di- 
me thy Igly oxime in 500 ml. of grain alcohol, and filter before using. 

Sodium Potassium T arirate Solution . — Dissolve 200 g, of the salt in 1 liter 
of distilled water. 

Dilute Ammonia for Washing . — Solution containing 10 ml. of NH4OH 
(sp.gr. 0.90) per liter of water. 

Method. — In a 150'-mi. electrolytic beaker, dissolve a 1 g. sample of the 
bronze in 10 ml. of HNO3 (sp.gr. 1.42) and remove tin and copper exactly as 
described in the “ Determination of Copper by the Electrolytic Method.” 
Evaporate the solution to about 100 ml., filter, add about 1 g. of NH4CI, then 
10 ml. of sodium potassium tartrate solution, and nearly neutralize with NH4OH 
(sp.gr. 0.90). Heat nearly to boiling, add 5 ml. of dimethylglyoxime solution 
for each 0.01 g. or fraction of nickel present and then NH4OH in slight excess. 
Let stand at least 30 minutes on the steam hath, filter and wash with dilute 
ammonia solution. For accurate work, the precipitate should be dissolved in 
hot HCl (1 : 1) and reprecipitated as before. Filter on a weighed Gooch 
crucible, wash with dilute ammonia solution, and then with hot water; dry 
at 110 to 120® C. for about two hours and weigh as the glyoxime salt which 
contains 20.32% of nickel. If it is preferred, instead of by weighing the gly- 
oxime salt, the nickel can be determined electrolytically as follows : Dissolve 
the red precipitate of nickel glyoxime in hot HCl (1 : 1), add 10 ml. of H2SO4 
(1 : 1) and evaporate to strong fumes. Dilute, neutralize with NH4OH (sp.gr. 
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0.90), and add 20 ml. in excess. The final volume should be about 150 ml. 
Electrolyze with a current of 0.3 ampere per solution. Test the solution for 
completion of deposition with fresh H 2 S water as is done in the Determina- 
tion of Copper by the Electrolytic Method.” Remove the cathode, wash with 
water and dry with alcohol as in the ‘‘ Determination of Copper by the Elec- 
trolytic Method.” Weigh the deposit as metallic nickel. 

DETERMINATION OF ZINC 

After the copper has been completely deposited by electrolysis, quickly 
remove the cathode and wash it thoroughly with distilled water, catching 
the washings in the beaker containing the electrolyte. Heat the solution and 
saturate with H 2 S gas. Filter off any precipitate, and boil the solution to 
expel H 2 S. Make the solution barely alkaline with NH4OH, and add 25 ml. 
of 85% formic acid. Dilute the solution with distilled water to 300 ml., heat 
to boiling, and saturate with H^S gas. Filter, wash with hot water and dis- 
solve the precipitate with hot HCl (1:1) and transfer the solution to a Aveighed 
platinum or porcelain dish or crucible. Add a few drops of ILSO^ (sp.gr, 1.8-1) 
and evaporate the solution until copious fumes escape. If the solution is not 
clear and colorless, cool, add a few milliliters of HNO3 (sp.gr. 1.42) and again 
evaporate the solution until fumes of H2SO4 come off freely. Repeat the 
treatment with HNO3, if necessary, until the organic matter is destroyed, and 
the solution is colorless. Remove the excess of H 2 SO 4 by heating the dish 
cautiously, and finally heat to dull redness. Weigh as ZnSOi and calculate 
to Zn. 

DETERMINATION OF PHOSPHORUS BY THE ALKALIMETRIC 

METHOD 

Solutions Required. Nitric Acid for Dissolving , — Mix 1000 rnl. of HNO3 
(sp.gr. 1.42) and 1200 ml. of distilled water. 

Nitric Acid for Washing , — Mix 20 ml. of HNO 3 (sp.gr. 1.42) and 1000 ml. 
of distilled water. 

Ammonium Molybdate Solution No, 1 , — Place in a beaker 100 g. of 85% 
molybdic acid, mix it thoroughly with 240 ml. of distilled water, add 140 ml. 
of NH4OH (sp.gr. 0.90), filter and add 60 ml. of HNO3 (sp.gr. 1.42). 

Ammonium Molybdate Solution No, 2 , — Mix 400 ml. of HNO 3 (sp.gr. 1.42) 
and 960 ml. of distilled water. 

When the solutions are cold, add solution No. 1 to solution No, 2, stirring 
constantly; then add 0.1 g. of ammonium phosphate dissolved in 10 ml. of 
distilled water and let .stand at least 24 hours before using. 

Fotassium NxiratCy 1% Solution , — Dissolve 10 g. of potassium nitrate in 
1000 ml. of distilled water. 

Phenolphthalein Indicator , — Dissolve 0.2 g. in 50 ml. of 95% ethyl alcohol 
and 50 ml. of distilled water. 

Standard Sodium Hydroxide . — Dissolve 3.3 g. of purified NaOH in 1000 ml. 
of distilled water,, add a .slight excess of 1% solution of barium hydroxide, 
let stand for 24 hours, decant the liquid, and standardize it against a steel of 
known phosphorus content as determined by the molybdate-magnesia method, 
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so that 1 ml. will be equivalent to 0.01% of phosphorus on the basis of a 1 g. 
sample (see Notes). Protect the solution from carbon dioxide with a soda- 
lime tube. 

Ferric Chloride , — Dissolve 100 g. of ferric chloride (phosphorus free) in 
100 ml. of distilled water. 

Standard Nitric Acid , — Mix 5 ml. of HNOs (sp.gr. 1.42) and 1000 ml. of 
distilled water. Titrate the solution against standardized NaOH, using 
phenolphthalein as indicator, and make it equivalent to the sodium hydroxide 
by adding distilled water. 

Method. — In a 400-ml. beaker, dissolve a 1 g. sample in 10 ml. of HNO3 
(sp.gr. 1,42) and heat until brown fumes are driven off; then add 15 ml. of 
HCl (sp.gr. 1.18) and evaporate to dryness. Add 10 ml. of HCl (sp.gr. 1.18) 
and again evaporate to dryness, but do not bake. 

Add 15 ml. of HCl (sp.gr. 1.18) and heat to solution; dilute with 50 ml. 
of distilled water and bring to a boil. Take off the hot plate and wash down 
the cover glass and sides of the beaker, add 20-mesh c.p. zinc, 2 or 3 g. at a 
time until the solution becomes colorless, that is, until all the copper, tin and 
lead are precipitated. Filter, receiving the filtrate in a 400-ml. beaker, and 
wash well with hot water. 

Add 3 ml. of the ferric chloride solution to this filtrate and make faintly 
ammoniacal; bring to a boil, let settle and filter. Dissolve this precipitate 
in hot dilute IICl and again make ammoniacal; heat to boiling, let settle and 
filter, washing well with hot water. 

Dissolve this precipitate in as small a quantity of hot dilute HNO 3 as 
possible, receiving the solution in a 300-ml. Erlenmeyer flask ; wash filter free 
of iron with hot dilute HNOs and hot distilled water. Evaporate to about 
15 ml., cool, make ammoniacal, then neutralize with HNO 3 (sp.gr. 1.42) and 
add 5 ml. in excess. Cool to 80° C., and add GO ml. of the ammonium molyb- 
date solution. Let stand one minute, then shake three minutes and let settle. 
Filter on an 11 cm. filter (using a small quantity of paper pulp on the filter) 
and wash free of iron with 2% nitric acid wash, then free of acid with the 1% 
potassium nitrate solution. 

Place the paper in the thoroughly washed acid-free flask in which the 
original precipitation was made, add 25 ml. of distilled water and an excess 
of the standard sodium hydroxide solution. By using a long glass rod, the 
paper can be pulped and the yellow precipitate dissolved in a very few seconds. 
Wash off the rod and the sides of the flask and add a few drops of the phenol- 
phthalein solution and titrate the excess of standard NaOH with the standard 
HNO3. The strength of the standard NaOH and the standard HNO3 in 
terms of phosphorus can be determined by using a standard steel or preferably 
a standard phosphor bronze in which the phosphorus has been determined 
by the molybdate-magnesia method. 

Accuracy. — Duplicate determinations should check within 0.01% of phos- 
phorus. 

Notes. — 1. The ammonium molybdate solution should be kept in a cool place and 
should always be filtered before using. 

2. All distilled water used in titration should be freed from carbon dioxide by boiling 
or otherwise. 
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3. Bureau of Standards Steel No. 19 (a) or a bronze of known phosphorus content 
are recommended as suitable materials for standardization of the sodium hydroxide 

solution^^^^^^^^ method, optional.) It is considered by some that more accurate 
results can be obtained by a gravimetric determination of phosphorus ^ MgjPiOr. 
This can be carried out by dissolving the yellow molybdate precipitate in 20 ml, of 
NHiOH (1 : 1) to which has been added 2 g. of citric acid, precipitating with magnesia 
mixture, and proceeding as usual, finally weighing as MgaPaO;, 


DETERMINATION OF PHOSPHORUS BY THE FERRIC-ALUM 
METHOD » (Optional) 

Solutions Required. Ferric Chloride, — Dissolve 100 g, of ferric chloride 
(phosphorus free) in 100 ml, of distilled water. 

Dilute Ammonia,— Ulx 100 ml. of NH^OH (sp.gr. 0.90), and 900 ml. of 

Dilute Hydrochloric Acid,— Mix 500 ml. of HCl (sp.gr. 1.18), and 500 ml. 
of distilled water. 

Dilute Sulfuric Acid for Dissolving, — Mix 200 ml. of H2SO4 (sp.gr. 1.84), 
and 800 ml, of distilled water. 

Dilute Sulfuric Acid for Reductor, — Mix 50 ml, of H2SO4 (sp.gr. 1.84), 
and 1000 ml. of distilled water. This solution is used boiling hot. 

i4mmom'um Molybdate. — Solution No. 1. Place in a beaker 100 g. of 85% 
molybdic acid, mix it thoroughly with 240 ml. of distilled water, add 140 ml. 
of NH4OH (sp.gr. 0.90), filter and add 60 ml, of HNO3 (sp.gr. 1.42). 

Solution No. 2. Mix 400 ml. of HNO3 (sp.gr. 1.42), and 960 ml. of dis- 
tilled water. ^ . 

When the solutions are cold, add solution No. 1 to solution No. 2, stirring 
constantly, then add 0.1 g. of ammonium phosphate dissolved in 10 ml. of 
distilled w'ater, and let stand at least 24 hours before using. 

Acid Ammonium Sulfate,— Mix 25 ml. of H3S04 (sp.gr. 1.84), and 1000 ml. 
of distilled water, and then add 15 ml. of NH4OH (sp.gr. 0.90). 

Ferric Alum, — Dissolve 200 g. of ferric ammonium sulfate crystals in 1950 
ml. of distilled water. Add 50 ml. of H2SO4 (sp.gr, 1.84), and 80 ml. of phos- 
phoric acid, 80%. 

Potassium Permanganate, — Dissolve from 3.0 to 3.2 g. of KMn04 in 1000 
ml. of distilled water. Allow the solution to stand for about one week, and 
then filter it through an asbestos filter. Standardize by using about 0.200 g. 
portions of pure sodium oxalate. 

Method. — In a 400-ml. casserole dissolve 1 g. of sample in 10 ml. of HNOj 
(sp.gr. 1.42). Add 20 ml. of HCl (sp.gr. 1.18), and evaporate to dryness. 
Moisten with HCl, evaporate to dryness again, and bake to dull redness. 
Moisten with HCl again, add 3 ml. of ferric chloride solution, and dilute to 
about 200 ml. with distilled water. Add NH4OH (sp.gr. 0.90) until the basic 
salts of copper have dissolved and the solution has become a deep blue. Boil, 
allow to settle, and filter on a loosely woven filter paper. Wash with dilute 
ammonia and with hot water. Dissolve the precipitate on the filter with hot 
dilute HCl, dilute the solution to about 200 ml., add NH4OH (sp.gr. 0.90) 
until the precipitate which forms at first dissolves rather slowly, and saturate 

• A S. T. M. Methods of Chemical Analysis of Metals, p. 154, December, 1936. 
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with HzS gas. Filter off and reject the precipitate. Boil the filtrate to expel 
HzS, and add HNO3 (sp.gr. 1.42) until the iron is oxidized. Add NH4OH 
(sp.gr. 0.90) until the solution is alkaline. Boil and filter on a loosely woven 
filter paper. Wash with dilute ammonia and with hot water. Dissolve the 
precipitate on the filter with hot dilute H 2 SO 4 , receiving the solution in a 
350-ml. Erlenmeyer flask. Add NH4OH (sp.gr. 0.90) until the iron is entirely 
precipitated, and then add HNO3 (sp.gr. 1.42) cautiously until the solution 
just becomes clear. Bring the solution to a temperature of about 80° C., and 
add 40 ml. of ammonium molybdate at room temperature. Allow to stand 
for one minute, shake or agitate for 3 minutes, filter on a 9 cm. paper, and wash 
very thoroughly (about 25 times) with acid ammonium sulfate. Dissolve the 
precipitate on the paper using 50 ml. of dilute ammonia. Add sufficient 
H 2 SO 4 to adjust the acidity to 2.5% by volume and immediately pass the 
solution through a Jones reductor, which has the reductor tube prolonged 
and reaching nearly to the bottom of the flask, dipping into 50 ml. of ferric- 
alum solution. Wash through the reductor with 150 ml. of the H 2 SO 4 for 
reductor and follow with an additional 100 ml. of distilled water. Titrate 
with standard KMn 04 . 

By this method the molybdenum which in passing through the reductor 
has been reduced entirely to the form corresponding to the oxide M 02 O 3 is 
partially oxidized by the ferric alum, an equivalent amount of iron being 
reduced to the ferrous condition. The resultant solution is not rapidly oxidized 
through contact with air during the titration, and the calculations can there- 
fore be made on the M02O3 — 2M0O3 basis. 

Accuracy. — Duplicate determinations should check within 0.01% of phos- 
phorus. 

Notes. — The ammonium-molybdate solution should be kept in a cool place and 
should always be filtered before using. 

A blank determination should be made on corresponding amounts of acid and 
water, passing through the reductor into the usual amount of ferric-alum solution in the 
flask. 

A small Quantity of liquid should always be left in the reductor funnel, and air 
should never be allowed to enter the reductor. 

For a description of the Jones redactor consult, “ Determination of Iron, Analysis of 
Manganese Bronze.*’ 


DETERMINATION OF ANTIMONY BY THE VOLUMETRIC 
METHOD 

Solutions Required. Potassium Permanganate . — Dissolve 0.3 g. of potas- 
sium permanganate in 1000 ml. of distilled water. Standardize by dissolving 
25 mg. of pure antimony in 15 ml. of boiling sulfuric acid and proceed according 
to the method from this point. 

Method. — In a 250-ml. beaker, dissolve 5 g. of bronze in 25 ml. of HNO3 
(sp.gr. 1.42). When the action has ceased, boil until the oxides of nitrogen 
are expelled, add 125 ml. of boiling water and allow to stand and settle for 
one hour or longer, keeping the temperature just below the boiling point. 
Filter on double 9 cm, closely woven papers, keeping the solution hot. Wash 
with boiling water. Discard the filtrate. 
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Transfer the papers containing the tin and antimony to a 350-ml. Erlen- 
meyer flask and add 25 ml. of HNO3 (sp.gr. 1.42), 5 g. of ammonium persuE 
fate, and 15 ml. of H2SO4 (sp.gr. 1.84). Boil to strong fumes of SO3. If 
the solution is brown, cool and add 5 ml. of HNO3 (sp.gr. 1.42) and a little 
more (1 g. or less) persulfate, if necessary, and boil again to strong fumes 
of SO a. When the solution is colorless, cool, add 20 ml. of distilled water 
20 ml. of HCi (sp.gr. 1.18) and 1 g, of sodium sulfite. Boil gently for 10 
minutes to expel SO2 completely. Dilute with 200 mi. of distilled water and 
cool to 10 to 12° C. in ice or under running water. 

Titrate with standard permanganate solution until the appearance of a 
decided pink color. 

Notes. — 1. In alloys containing a large excess of tin, the antimony is precipitated 
quantitatively "with the meta-^tannic acid 

2 . Ammonium persulfate and nitric acid are used to destroy the filter paper, and 
subsequent boiling with sulfuric acid effects the solution of the tin and antimony. A 
mixture of fuming nitric and sulfuric acids might be used to accomplish the same results, 
but the persulfate mixture is much more efficient. 

3. If the solution becomes cool during the first filtration, some of the meta-stannic 
acid may dissolve, 

4. If arsenic is present, correction should be made for it. 


DETERMINATION OF SULFUR 

Method. — Weigh out four 5 g. samples of bronze into 250-ml. beakers. 
Dissolve each in 25 ml. of HXO3 (sp.gr. 1.42) and boil until the disappearance 
of red fumes. Add 125 ml. of boiling water and allow to settle for one hour 
or longer, keeping the temperature just below the boiling point. Filter on 
double 12.5 cm. closely woven papers, keeping the solution hot. Wash with 
boiling water. Discard the meta-stannic acid precipitates, combine the four 
filtrates in a tall 700-mI. beaker and add 0.5 g. of sodium carbonate, and 
evaporate the solution until syrupy. Cool somewhat, then dilute to the lip 
with warm water. There should be present a layer about 0 mm. in thickness, 
composed of basic salts of copper. Electrolyze, using large stationary elec- 
trodes, at a current of 4 amperes, or using the Frary solenoid at a current of 
about 10 amperes. The lead must be removed at the anode as the copper is 
taken out at the cathode. When copper and lead are out, evaporate the 
electrolyse to small volume, cover the beaker, add 75 ml. of HCI (sp.gr. 1.18) 
and boil down to small volume. Add 75 ml. more HCI and evaporate to 
dryness to dehydrate any silica present. Moisten with about 0,5 ml. of HCI 
and take up with 20 ml. of hot water. Filter into a small beaker. Heat the 
filtrate to boiling and add 10 ml. of 5% BaClj solution, drop by drop, with 
stirring. Allow to settle at least five hours, filter on a small ashless paper, 
and wash with hot water. Ignite cautiously in a small porcelain or platinum 
crucible, and then heat to a bright redness for 20 minutes. Cool and weigh 
the BaS04 and calculate to sulfur. 

Notes. — 1. Throughout the entire analysis, the utmost precautions mu.st be taken to 
prevent contamination by sulfur in any form, H 2 SO 4 fumes, H 2 S and SOi ga.ses especially. 
All heating with gas burners must be avoided. Run a blank with each analysis, adding 
the reagents and subjecting it to the same operations as the beakers containing the 
drillings. Subtract the amount of BaS 04 found in the blank from that in the deter- 



ANALYSIS OF NON-FERROUS ALLOYS 


1371 


minations. If this blank amounts to 0.002 g., it is a sign of poor work or impure re- 
agents and the analysis should be repeated. Wash out all beakers, funnels, etc., with 
distilled water before using. 

2. It is necessary to keep the solution containing the meta-stannic acid hot during 
filtration. If the solution becomes cool, some of the meta-stannic acid may dissolve. 


DETERMINATION OF ARSENIC 

Solutions Required. Ammonium Carbonate . — Dissolve 150 g. of ammo- 
nium carbonate in one liter of distilled water. 

Method. — Dissolve the sample (5.00 to 10.00 g.) in a 100-ml, beaker in 
10 ml. of HNOg (sp.gr, 1.42) and 30 ml. of HCl (sp.gr. 1.18). When solution 
is complete, cool, add 35 ml. of H2SO4 (sp.gr. 1.84), evaporate to the appear- 
ance of copious fumes of H2SO.1, and continue the fuming for from ten to fifteen 
minutes. Cool, take up in HCl (sp.gr. 1.18), transfer to an 800-ml. flask 
having a two-hole stopper with separatory funnel and outlet tube connecting 
with a vertical condenser outside. (The part of the outlet tube wdthin the 
distilling flask should have a steam outlet hole about 1 cm. from the open end.) 
Rinse the beaker with. HCl (sp.gr. 1.18) and dilute the solution with the acid 
to make a total volume of 350 to 450 ml. Add 10 g. of cuprous chloride 
(CU2CI2), connect the flask with the condenser, and gradually raise the contents 
of the flask to boiling. Catch the distillate in a tall 400-ml. beaker containing 
100 ml. of cold water. The end of the condenser should extend several milli- 
meters into the ^vater in the beaker and the beaker should be surrounded with 
ice water in order to avoid any possible volatilization of arsenious chloride. 
After about 100 ml. of distillate has passed over, remove the flame from the 
distilling flask, pour 3 to 5 ml. of hypophosphorus acid through the separatory 
funnel into the distilling flask, and redistill as before, catching the distillate 
in the same beaker. The volume of the second distillate should be 50 to 100 
ml. Pass a rapid current of H2S through the distillate for one hour, allow to 
settle, and filter on a weighed Gooch crucible. Wash twice with HCl (1 : 1), 
four times with cold w^ater, three times wdth alcohol, and four times with CS2. 
Dry at 1 10° C. for 10 minutes, and w^eigh after cooling. Dissolve the AS2S3 
with (NHj) 2C03 solution, w^ash thoroughly with water, dry for 30 minutes 
at 110° C. and reweigh after cooling. The diflerence in weights multiplied 
by 0.609 gives the w^eight of arsenic. 

Note. — B lank determinations should be made on the reagents carried along as in 
the method and the proper corrections made. 


THE DETERMINATION OF CADMIUM IN BRASS 

General Considerations. — From the results of a series of experiments on 
known synthetic mixtures, it was found that the following method is satis- 
factory even in the presence of moderate amounts of arsenic, lead, bismuth, tin 
and antimony. 

Method. — Prepare a sufficient amount of sawdust or drillings from the brass 
to be tested to furnish at least a tw^enty-gram sample. For the assay \veigh ten 
grams of this sample into a 500-ml. Erlenmeyer flask and dissolve in concen- 
trated nitric acid. Add 50 ml. concentrated HjSOi and fume strongly. Cool 
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and dilute to 200 ml. with water, boil for a few minutes and allow to cool. 
After two or three hours filter off any insoluble matter, collecting the filtrate in a 
tall 600-ml. beaker. Discard the residue on the paper and dilute the filtrate to 
400 ml. Heat to boiling and pass a rapid stream of HjS through this hot solu- 
tion for thirty minutes. (It is well to thoroughly mix the copper sulfide with 
the solution by means of rubber-tipped rod so as to keep the precipitate from 
being forced out of the solution by the gas.) 

At the end of the half hour filter off the precipitated sulfides on an 18H 
cm. paper, receiving the filtrate in a tall 600-ml. beaker. Wash the sulfides 
once with hot water. If proper precipitation has been made, this filtration 
will be rapid anS easy to make and the Mtrate will have no blue color. Return 
the precipitated sulfides with the filter paper to the beaker in which precipita- 
tion was made and add 400 ml. of 10% H 2 SO 4 . Boil vigorously for a half hour 
and filter hot on a 193^ cm. paper. Wash the residue thoroughly with boiling 
water. Discard the residue on the paper. All of the cadmium is now present 
in these two solutions. 

Cool and pass a rapid stream of HoS through the solution for ten minutes. 
Add ammonia slowly to each solution until zinc sulfide begins to precipitate. 
When this is certain, continue the passage of the gas for five minutes more and 
then filter off the precipitates separately on 123^ cm. paper. Discard the 
filtrates. Combine the two papers containing mixed sulfides and boil with 
100 ml. of 10% H 2 SO 4 for ten minutes, stirring frequently. Filter and wash. 
Cool and dilute to 300 ml. Pass in H 2 S and add ammonia drop by drop until 
cadmium is entirely precipitated. Pass gas for about twenty minutes. Filter 
the precipitate on an 11 cm. close texture paper. Return the paper to the 
beaker and boil with 50 ml. of 10% H 2 SO 4 . Filter and wash. Dilute to 300 ml. 
and pass in H 2 S for twenty minutes. A drop or two of ammonia will be suffi- 
cient to start the precipitation of cadmium. 

Filter the cadmium sulfides on a weighed Gooch crucible. Wash twice 
w’ith cold water. Dry at 110"^ C. for two hours and reweigh. 

Weight CdSX0.778 = Weight cadmium. 

The final cadmium sulfide precipitate will have a characteristic bright, yellow color 
and will be entirely free of other sulfides if the foregoing directions be carefully followed. 

As a special precaution when arsenic or tin are su.spected in the brass the final sul- 
fide may be washed out of the crucible after weighing and treated with yellow ammonium 
sulfide. (The addition of NH4CI will tend to prevent cadmium sulfide being carried 
into the ammonium sulfide solution as a colloid.) Filter and wa.sh the residue and 
dissolve the cadmium sulfide in 10% HjSO*, reprecipitate and weigh again. 
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ANALYSIS OF COPPER, NICKEL, ZINC ALLOYS 
ANALYSIS OF GERMAN SILVER 
(ALLOY OF COPPER, NICKEL AND ZINC) 

DETERMINATION OF TIN, COPPER AND LEAD 

Proceed exactly as in the determination of these elements under Analysis 
of Manganese Bronze/' 


DETERMINATION OF IRON 

Solutions Required. Stannous Chloride, — Dissolve 450 g. of the salt in 
380 ml. of concentrated HCl (sp.gr. 1.18) to which some water has been added 
and dilute to 2 liters. 

Mercuric Chloride, — Make a saturated solution of the salt in hot water, 
allow to cool to room temperature and filter. 

Manganese Sulfate, — Dissolve 160 g. of the salt in water and dilute to 
1750 mi. To this add 330 ml. of phosphoric acid (sp.gr. 1.70) and 320 ml. of 
sulfuric acid (sp.gr, 1.84). This solution is to obviate the deterious action of 
hydrochloric acid upon the standard potassium permanganate. The phos- 
phoric acid allows the formation of iron phosphate, which, being nearly colorless, 
renders the end reaction more distinct. 

Potassium Permanganate.~M&ke a solution containing 0.3163 g. of salt 
per liter. This is approximately N/100. 

Standardization of above Permanganate Solution. — Take measured quan- 
tities of a carefully standardized ferric chloride solution, containing 5 g. of 
metallic iron and 100 ml. concentrated hydrochloric acid to a liter in No. 1 
beakers. About 5 ml. of this solution should prove adequate. Add from a 
burette stannous chloride solution until the iron is almost reduced, told by the 
color change. Then heat to boiling and reduce iron completely with SnCL, 
using a slight excess of the reagent. Add 5 ml. of HgClj solution to oxidize 
excess of SnCL. Pour solution into a 600-ml. beaker containing 6—8 ml. of 
the MnSO^ solution in 400 ml. of water. Titrate with KMnO* immediately 
until a faint pink is obtained. Calculate potassium permanganate in terms of 
metallic iron. 

Treatment of Sample.— Weigh out a 5 g. sample of drillings from which 
all steel chips have been removed by a magnet and transfer to a 250-ml. beaker. 
Dissolve in as little nitric acid (sp.gr. 1.42) as possible (25 ml, should be suffi- 
cient), heat until all nitric oxide fumes have been driven off and then dilute 
to 100 ml. with distilled water. Add 3 to 4 g. of ammonium chloride crystals, 
heat to boiling, and add a slight excess of ammonia to precipitate all the iron 
as hydroxide. 

A small amount of zinc is usually precipitated at this point as hydroxide 
and also, if manganese is present in the alloy, it will come down as manganese 
hydroxide. 

After the precipitate has settled down, filter through filter paper and wash 
with ammonium hydroxide 1 : 4 until all soluble salts are removed (or until 
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the blue copper color has been washed from the filter paper). Treat the pre- 
cipitate on the filter paper with a little hot HCl (1 : 1), catching the resulting 
solution in original beaker. Wash the filter paper alternately with hot water 
and HCl (1:1) until the iron has been completely removed. Dilute the 
hydrochloric acid solution in the beaker to about 75 ml. and add 3-4 g. of am- 
monium chloride. Heat to boiling and reprecipitate the iron with a slight 
excess of ammonium hydroxide. Filter and wash as before. (A double pre- 
cipitation is usually sufficient to remove zinc, etc.) Dissolve the precipitate 
in a small amount of hydrochloric acid (1 : 1). Add stannous chloride to 
reduce the iron — 2 or 3 drops are usually sufficient. 

Heat almost to boiling and add 1 or 2 drop.s more of stannous chloride to 
be sure an excess is present. Run in an excess of mercuric chloride solution 
(about 5 ml.) to oxidize the stannous chloride. 

Pour into a 600-ml. beaker containing 6-8 ml. of the manganese sulfate 
solution in 400 ml. of water. 

Titrate with standard potassium permanganate solution until a slight pink 
opalescence is obtained. 


DETERMIXATION OF MANGANESE 

Proceed exactly as in Determination of Manganese by the Persulfate 
Method ” or ‘‘ Determination of Manganese by the Bismuthate Method/' 
under “ Analysis of ^langanese Bronze." 


DETERMINATION OF NICKEL 

Solutions Required. Standard Solution of Potassium Cyanide, — Dissolve 
26 g. of pure potassium cyanide in 1000 ml. of distilled water and add 1.25 g. of 
silver nitrate. This solution is standardized against a solution of known metal 
content. 

Potassium Iodide, — Dissolve 100 g. of c.p. potassium iodide crystals in 
1000 ml. of distilled water. 

Sodium Pyrophosphate, — ^Make a saturated solution of c.p. sodium pyro- 
phosphate crj’stals in distilled water. 

Method. — See the Determination of Copper, Lead and Tin." 

Transfer the electrolyte and washings from the electrolytic determination 
of copper to a 400-ml, beaker. Add 3 to 4 g. of ammonium chloride and then 
50 to 75 ml. of a saturated solution of sodium pyrophosphate, depending 
upon the amount of zinc present. Neutralize with ammonium hydroxide 
Isp.gr. 0.90) and then add enough to make the solution only slightly but yet 
distinctly alkaline. A large excess of ammonia will hinder or entirely prevent 
the reaction. Cool, and do not let the temperature get much above 20“ C. 
or the result will be irregular. Add 2 ml. of a 10% solution of potassium 
iodide and titrate with a standard solution of potassium cyanide containing 
silver nitrate until the white cloud caused by the formation of silver iodide 
has entirely disapf)eared and one drop of the cyanide causes a clear solution. 
This is the end point which is very sharp and distinct. 
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Notes. — The method of estimating nickel by means of adding potassium cyanide to 
an ammoniacal solution of nickel containing silver iodide in suspension so that the solution 
remained turbid until the nickel was all converted into the double cyanide of nickel 
and potassium, after w-hich a single drop of the cyanide in excess cleared up the solution, 
was originally proposed by T. Moore and modified by W. B. Price for use in the deter- 
mination of nickel in German silver, etc. 

The following elements interfere with the method: Manganese, zinc, iron, aluminum 
and especially copper, w^hich, owing to its forming cyanides, w^ould render the method 
valueless. Cobalt, if present, will be estimated as nickel. The iron, aluminum and 
zinc may be kept in solution so that they do not interfere by the use of organic acids 
such as tartaric or citric or with sodium pyrophosphate. 


DETERMINATION OF ZINC 
Zinc is usually taken by difference. 

In case an actual determination i.s desired proceed exactly as in “ Deter- 
mination of Zinc, Analysis of Bronze Bearing Metals/* 


ANALYSIS OF BISMUTH BRONZE 

(ALLOY OF COPPER, TIN, BISMUTH, NICKEL AND ZINC) 

General Considerations. — Bismuth will interfere with the electrolytic deter- 
mination of copper and must be removed before this determination can be 
made. 


DETERMINATION OF TIN 

Proceed exactly as in Determination of Tin, Analysis of Bronze Bearing 
Metal.” 


DETERMINATION OF LEAD 

To the filtrate from the HaSnOa separation, add 8 ml. of H2SO4 (sp.gr. 
1.84) and evaporate until copious fumes of H2SO4 are evolved. Cool, add 
30 ml. of distilled water and boil until all bismuth sulfate is dissolved. Cool, 
filter on a weighed Gooch crucible and wash with cold dilute H2SO4 (10%). 
Filter as soon as possible, otherwise some basic bismuth sulfate will separate out. 
Set the Gooch crucible inside a porcelain crucible, dry, ignite for 5 minutes at 
the full heat of a Tirrill burner, cool and weigh as PbS04 which contains 68.33% 
of lead. 

Note. — A small amount of lead still remains in the solution to be recovered later. 
(See Note; Determination of Bismuth.'') 
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DETERMINATION OF COPPER 

To the filtrate from the PbSO^ separation add 0.1 g. of iron wire dissolved in 
10 mi. of HNO3 (sp.gr. 1.42) and then add NH4OH (sp.gr. 0.9) in sufficient 
excess to hold the copper in solution. Now add 10 ml. of a saturated solution 
of ammonium carbonate, bring to boiling, filter and wash with hot water 
containing a small amount of (NH4)2C03. Reserve the filtrate. Wash the 
precipitate back into the original beaker and dissolve any remaining pre- 
cipitate on the paper with 20 ml. of hot HNO3 (1:2) catching the resulting 
solution in the original beaker. Wash several times with hot water. Warm 
until the precipitate is completely dissolved and make a second separation 
of iron and bismuth with ammonium hydroxide and ammonium carbonate. 
Again dissolve the precipitate with nitric acid and make a third separation. 
Hold the residue. 

Combine the three filtrates and washings from the separation of iron and 
bismuth, which should not exceed 400 ml., make just acid with H2SO4 (1 : 1), 
add 10 ml. in excess, and evaporate dowm to a volume of 100 ml. Cool, add 
1.5 ml. of HNO3 (sp.gr. 1.42) and electrolyze for copper. (See “ Determination 
of Copper by the Electrolytic Method, Analysis of Manganese Bronze.’^ 


DETERMINATION OF BISMUTH 

Treat the precipitate containing the bismuth and iron on the paper with a 
little hot HCl (1:1) catching the resulting solution in a clean beaker. Wash 
the paper alternately with hot water and hot dilute HCl (1:1) until the bis- 
muth has been completely removed. Neutralize the free acid with NH40H 
(sp.gr. 0.9), make slightly acid with HCl and pass IIjS. Filter and wash with 
HjS water. (Discard the filtrate unless it is desired to run zinc or nickel on 
this portion.) 

Wash the precipitate of bismuth sulfide back into the beaker and pour 
through the filter paper 30 ml. of hot HNO3 (1 : 2) catching the solution in the 
same beaker. Wash a few times with hot ^vater. Heat the solution until the 
precipitate is completely dissolved. Filter through the same filter paper and 
wash with hot dilute HNO3 (1 : 50). If a black insoluble residue still remains, 
transfer the residue to a small porcelain crucible, dry, ignite over a low* flame, 
cool, dissolve in 1 ml. of HNO3 (sp.gr, 1.42) and combine with the main filtrate. 
Boil the combined solutions down to a volume of 60 ml. and allow to stand and 
settle for one hour keeping the temperature just below the boiling point. If a 
precipitate of HjSnOs forms, filter, W'a.sh, dry, ignite and weigh as SnOa. Add 
the weight found to that already obtained (see Determination of Tin.”). 

Evaporate the filtrate to a volume of about 50 ml., make just neutral with 
NHhOH (1 : 3) and then add 5 ml. of HCl (1 : 9) in excess. If a precipitate of 
BiOCl forms, cautiously heat until it goes into solution. Dilute to a volume of 
400 ml. with boiling hot water and allow to stand in a warm place seyeral hours. 
Filter on a weighed porcelain Gooch crucible and wash with hot water. Finally 
wash once with 95% alcohol but transfer the filtrate to a clean beaker before 
doing BO. Dry at 110® C. for 30 minutes, cool and weigh as BiOCl. Multiply 
by 0.8025 for bismuth. 
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Note. — The filtrate from the BiOCI separation contains a small amount of lead that 
did not precipitate out as PbSO^ (see “Determination of Lead")- This may be re- 
covered in the following manner; make the solution just alkaline with ammonium 
hydroxide, pass HjS, filter and wash. Dissolve the precipitate from the filter paper 
with 15 ml. of hot HNO3 (1 : 2) and wash mth hot water. Add 12 ml. of HNO3 (sp.gr. 
1.42), dilute to a volume of 150 ml. with distilled water and electrolyze for lead (see 
“Determination of Lead by the Electrolytic Method, Analysis of Manganese Bronze"). 
Add the weight of lead found to that already obtained. 


DETERMINATION OF NICKEL 

Method. — Remove the tin and lead as in Determination of Tin ” and 
Determination of Lead.'^ Remove the copper by electrolysis (see “ Deter- 
mination of Copper by the Electrolytic Method, Analysis of Manganese' 
Bronze "). Continue as in “ Determination of Nickel, Analysis of German 
Silver.” 

Note, — 1. If the amount of lead is small, the copper and lead may be removed at the 
same time by electrolysis (.see “Determination of Copper and Lead Simultaneously by 
the Electrolytic Method, Analysis of Manganese Bronze"). It is not necessary to 
evaporate to dryness. 

2. The presence of a moderate amount of bismuth will not prevent the electrolytic 
precipitation of copper. The deposit, however, will be black and possibly spongy, and 
may slough off in washing, in which case, filter and wash and combine washings and main 
^trate. If the spongy material has dropped off into the electrolyte it w'lII dissolve. 
In such a case filter both electrolyte and washings through the same paper, wash, com- 
bine filtrate and washings, pass H 2 S, filter and wash, boil to expel H 2 S, oxidize the iron 
with HNOj (sp.gr, 1.42) and proceed as directed above. 


DETERMINATION OF ZINC 

Method. — Remove the tin, lead and copper as directed under “ Determina- 
tion of Nickel.” Continue as in ” Determination of Zinc, Analysis of Bronze 
Bearing Metal.” 


DETERMINATION OF IRON 

Method. — Proceed exactly as in " Determination of Iron, Analysis of 
Bronze Bearing MetaV^ up to the point where the H2Sn03 has been separated 
and any iron present in the H2Sn03 has been recovered and combined with the 
main filtrate. Add 5 g. of ammonium chloride crystals, and a slight excess of 
NH4OH (sp.gr. 0.9). Boil, allow to settle, filter on a loosely woven filter paper 
and wash with dilute ammonium hydroxide and with hot water. Treat the 
precipitate on the paper with a little hot HCl (1:1) catching the resulting 
solution in original beaker. Wash the filter paper alternately with hot water 
and HCl (1 : 1) until the iron has been completely removed. Neutralize the 
solution with NH^OH (sp.gr. 0.9), make acid with 5 ml. of HCl (sp.gr. 1.18) 
in excess, dilute to a volume of 100 ml., warm and pass HgS. Filter and wash 
with hot water. Boil the filtrate to expel HaS, add a few ml. of HNOs (sp.gr, 
1.42) to oxidize the iron, dilute to a volume of 75 ml., add 3 to 4 g. of ammonium 
chloride crystals, and a slight excess of NH4OH (sp.gr. 0.9) and continue as in 
” Determination of Iron, Analysis of German Silver.” 
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DETERMINATION OF ALUMINUM 

Proceed exactly as in “ Determination of Aluminum, Analysis of Manganese 
Bronze/' 


DETERMINATION OF MANGANESE 

Proceed exactly as in “ Determination of Manganese, Analysis of Manganese 
Bronze." 


COPPER NICKEL ALLOYS 

ANALYSIS OF MONEL METAL 
(ALLOY OF Ni, Cu, AND IRON) 

DETERNflN'ATIOX OF COPPEH AND NiCKEL 

Electrodes. — See Analysis of Manganese Bronze." 

Method. — Dissolve one gram of drillings in 15 ml, of nitric acid (1 : 1) in a 
200-ml. covered beaker. Add 30 ml. of sulfuric acid (1 : 1), and evaporate 
until fumes of sulfuric acid are given off. Dilute with 125 ml. of water, heat on 
hot plate until sulfates are dissolved. Add 1.5 ml. of nitric acid, cool and plate 
out copper over night with a current of 0.3 amp. After copper is all plated out 
pour the solution and water used in wa.shing off cathode, into a 500-ml. beaker. 
The cathode is dipj^ed in alcohol and heated over an alcohol lamp and when cool, 
weighed. The increa.sed weight is equal to copper. The solution in the beaker 
is covered, made alkaline with ammonia, and 75 ml. added in excess. To 30 ml. 
of cold water add about 2 grams of sodium peroxide. Add this solution to the 
alkaline nickel solution and let stand on the steam bath for one-half hour. 
Repeat the addition of sodium peroxide solution, then cool the alkaline nickel 
solution, and when cold plate nickel over night with a current of 0.5 amp. 
Wash the cathode with water and alcohol. Heat over an alcohol lamp and 
when cool weigh as nickel and cobalt. The nickel and cobalt contain a small 
amount of manganese, so dissolve the nickel and cobalt in nitric acid and deter- 
mine the manganese by the bismuthate method. This is deducted, the result 
being nickel and cobalt. 

Monel Metal contains a small amount of cobalt. If nickel, exclusive of 
cobalt, is desired dissolve the deposit with hot nitric acid, tran.sfer to a 250 ml. 
graduated flask, dilute to the mark with cold water, mix and draw off exactly 
50 ml. Proceed as described in “ Determination of Nickel, Analysis of Bronze 
Bearing Metals." 

See "Tentative Methods of Chemical Analysis of Nickel," A. S. T. M. Methods of 
Chemical Analysis of Metals, p. 226, December, 1936. 
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Note. — In very accurate determinations the solution, after plating out the nickel 
and cobalt, is evaporated down, made acid with sulfuric acid, make alkaline with 
ammonia, sodium peroxide added and replated, same as above. 

Detebmination of Iron 

Solutions Required. Cuprous Chloride Solution . — Place into a 2-Iiter 
heavy glass bottle, 400 g. of NaCl, 100 ml. of HCl (sp.gr. (1.18) and 20 g, of 
CU 2 CI 2 . Add 2 liters of warm water; shake well; place into the solution a few 
copper rods and let stand over night in a cool place. After shaking, the solution 
is ready for use. One milliliter of CU 2 CI 2 should reduce 0.003 to 0.005 g. of iron. 

Standard Ferric Chloride Solution . — Dissolve 5 grams of standard iron wire 
in 100 ml. of hydrochloric acid (1 : 1), then 5 grams of potassium chlorate are 
added to oxidize the iron. Boil until all the free chlorine is driven off, then cool 
and make the solution up to two liters. 

Method. — Dissolve one gram of drillings in 25 ml. of nitric acid (1 : 1), in a 
300-ml. Griffin lip beaker, add 50 ml. of cold water and make strongly alkaline 
with ammonia. Boil a few minutes, filter and wash precipitate with hot water 
two or three times. The precipitate is redissolved in hot hydrochloric acid 
(1-3) to which a few drops of sulfurous acid are added. After the precipitate is 
dissolved, boil the solution a few minutes, add a few drops of nitric acid, let solu- 
tion cool for 5 or 10 minutes, then make alkaline with ammonia, filter and wash 
with hot water. Repeat redissolving and ammonia precipitation. After final 
reprecipitation, dissolve the iron hydroxide in 30 ml. of hot hydrochloric acid 
(1-3) into a 24-oz. flask, cool and add 300 ml. of cold distilled water and titrate 
with a standard cuprous chloride solution, using 2 drops of a saturated solution 
of potassium sulfocyanate as inside indicator. The cuprous chloride solution is 
standardized each time before using, with standard ferric chloride. 

Note. — If the ferric hydroxide is dissolved in dilute sulfuric acid and the iron re- 
duced with zinc, the iron titrated with potassium permanganate is just as accurate as 
above method, providing 5 grams of the drillings are taken. 

Determination of Sulfur and Silicon 

Method. — Weigh 10 g. of drillings into an 800-ml. casserole, add 3 g, of 
KClOa, cover and then add 200 ml. of concentrated HNO3. Place on steam bath 
until action has ceased and then evaporate to dryness on the hot plate. Cool, 
add 50 ml. of HCl (sp.gr. 1.18) and again evaporate to dryness. Repeat this 
operation. Take up with 150 ml. of water, add 8 ml. of HCl (sp.gr. 1.18), heat 
to boiling, filter and wash, taking care that the filtrate and washings do not 
exceed 300 ml. in volume. Reserve the residue. Heat the filtrate to boiling, 
add 25 ml. of 20% BaCL solution, and allow to stand in a warm place over night. 
Filter through a small double ashless filter paper and wash with very dilute 
HCl, and finally with hot water. Ignite in a small platinum crucible and then 
heat to bright redness for twenty minutes. Cool and weigh as BaS 04 . Multi- 
ply by 0.13735 for sulfur. 

Transfer the residue to a weighed platinum crucible, dry, ignite and w^eigh 
as Si02. Multiply by 0.4672 for silicon. 

Run a blank analysis on the chemicals used. If this blank amounts to 
0.004 g., obtain fresh reagents and repeat the analysis. 

Run in duplicate. 
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Determination of Manganese 

Solutions Required. Ferrous Ammonium Sulfate. — 35.6 grams per liter. 
Add about 1 ml. of sulfuric acid. One ml. equals 0.001 g. of Mn. 

Potassium Permanganate. — 2,90 grams per liter. One ml. equals 1 ml. of 
ferrous ammonium sulfate. 

The ferrous ammonium sulfate solution changes rapidly, therefore, it is 
standardized against permanganate every day. Run 25 ml. of ferrous am- 
monium sulfate solution into a flask which contains a sample that has been 
titrated, then titrate to a faint pink with permanganate. This gives the value 
in permanganate of the ferrous ammonium sulfate. 

Method. — Dissolve one gram of drillings in 10 ml. of concentrated nitric 
acid in a No. 2 tall 250 ml. beaker. Add 30 ml. of warm water and add about 
0.5 g. of sodium bismuthate, heat a few minutes, then add enough sulfurous 
acid to clear the solution and boil until nitrous oxide is all driven off. Cool to 
about 15® C., add an excess of sodium bismuthate and let stand a few minutes. 
Filter through asbestos felt on a Gooch crucible into a 500 ml, Erlenmeyer 
suction flask; apply suction gently, wash with 3% nitric acid. Run into the 
flask a measured amount of ferrous ammonium sulfate solution and titrate the 
excess at once with standard potassium permanganate, deducting 0.5 ml, of 
permanganate, which is used in neutralizing the color of copper and nickel 
solution. The number of ml. of permanganate used less 0.5 ml. is subtracted 
from the original amount of ferrous ammonium sulfate taken and the remainder 
multiplied by 0.001 gives the per cent of manganese. 

Determination of Carbon 

The usual carbon combustion apparatus is used with a platinum combustion 
tube. In addition to the usual absorption train there is placed next to the 
platinum combustion tube a 5 inch “ U ’’-tube filled with glass beads and 
moistened with chromic acid solution, with a loose plug of glasswool in the 
forward end. This serves to oxidize any sulfurous anhydride and to absorb 
the sulfuric anhydride formed from the sulfur in the drillings during com- 
bustion. This tube is washed out daily and fresh glasswood inserted. The 
forward end of the platinum combustion tube contains a plug of loosely 
wound platinum gauze, 53/^ inches long, completely filling the bore of the tube 
and a similar roll 2 inches long, fitted with a loop is pushed in after the boat. 

Fill the alundura boat with ignited alumina and make a “ V ’'-shaped 
depression in the middle with a spatula, pressing the material against the sides 
of the boat. Ignite the boat and its contents strongly to expel any carbon 
dioxide present and bum off any carbonaceous matter that the alumina may 
contain. Weigh out 3 g. of the drillings which have been broken down so 88 
to pass through a 10-mesh sieve and transfer it to the boat. 

The absorption is made in potassium hydroxide (sp.gr. 1.27) placed into a 
Geissler potash bulb or with Ascarite ” contained in a Schwartz drying tube, 
with a calcium chloride tube attached. Bum the carbon by starting a slow 
current of oxygen and lighting one of the burners at the forward end of the tube, 
and as soon as the tube is red hot increase the heat slowly by lighting the other 
burners. The valve controlling the supply of oxygen must be regulated so as 
to keep a slow current of gas passing through the absorption apparatus at all 
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times, and not to exceed three bubbles in a second. Monel Metal containing 
manganese, or high in silicon, is burned at a temperature between 1125° C. and 
1200® C., for twenty minutes. 

Analysis of Aluminum and its Alloys. — See Chapter on Aluminum, Volume 1. 
Analysis of Beryllium- Copper Alloys. — See Chapter on Beryllium, Volume I. 
Analysis of Magnesium and its Alloys. — See Chapter on Magnesium, 
Volume I. 


TIN BASE AND LEAD BASE ALLOYS 
ANALYSIS OF ALLOYS OF LEAD, COPPER, ANTIMONY AND TIN » 

These methods apply particularly to white metal-bearing alloys “ (known 
commercially as Babbitt Metal ’0 and to similar lead and tin base alloys. 

Two sets of methods are here given. The first method is somewhat slow 
but is recommended as giving the more accurate results where the analysis of 
these alloys is of comparatively infrequent occurrence. The second method 
is rapid and is suitable for control work, giving good results after the analyst 
has become familiar with it. 

GENERAL METHODS'* 

A. DETERMINATION OF LEAD, COPPER, ANTIMONY AND TIN 
Determin'ation of Lead 

Solutions Required. Mixed Acid , — Dissolve 20 g, of KCl in 500 ml. of 
water, add 400 ml. of HCl (sp.gr. 1.18), mix and add 100 ml. of HNO3 (sp.gr. 
1.42). 

Alcohol- Hydrochloric Acid Mixture,— Mix 400 ml. of 95% ethyl alcohol 
and 100 ml. of HCl (sp.gr. 1.18). 

Acid Ammonium Acetate , — To 500 ml. of NH4OH (sp.gr. 0.90), add 500 ml. 
of water and then acetic acid (80%), until neutral to litmus; then add sufficient 
acetic acid to make the solution 2% acid with acetic (80%). 

Method. — Dissolve 1 g. of the finely divided alloy by boiling in 70 to 100 ml. 
of “ mixed acid ” solution in a covered beaker. Add more mixed acid ” 
if a complete solution of the alloy is difficult to obtain, and continue boiling 
until evaporated to about 50 ml. Add 5 ml. of HCl (sp.gr. 1,18), cool in ice 
water until the bulk of PbCL has crystallized out, then add slowly, with con- 
stant stirring, 50 ml. of alcohol (95%), continue stirring for a few minutes and 

A. 8. T. M. Methods of Chemical Analysis of Metals, p. 184, December, 1936. 

” For Specifications for Babbitt Metal, see 1936 A. S. T. M. Standards, Part I, p. 700. 

“ G. Vi. Thompson's Method, J. Chem. Ind., 15, 179 (1896). 
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cool in ice water for 10 minutes. Add 50 ml. more alcohol from a pipette, allow 
to stand in ice water for 20 minutes and filter through 9 cm. paper into an 
800-ml. beaker. Wash by decantation three times with alcohol-hydrochloric 
acid mixture and finally wash the paper twice with the same mixture. Wash 
the PbCL from the paper back into the beaker; wash paper several times with 
hot water, catching washings in beaker with the bulk of the chloride. Finally 
wash paper with hot acid ammonium acetate solution. Heat until all PbCL is 
dissolved. Add 15 ml. of saturated solution of K2Cr207; heat until precipitate 
is of good orange color; filter on weighed Gooch crucible; wash with water, 
alcohol and ether; dry at 100° C. and weigh. Calculate percentage of lead 
by the empirical factor 63.75. 

Notes. — 1. With proper manipulation, the PbClj should contain consistently all but 
0.003 g. of lead. When, however, the lead content is low as in the high tin Babbitts, it 
is not necessary to use 70 to 100 ml. of mixed acid or to add alcohol after wdution of the 
alloy. In such cases, weigh the alloy directly into a 600-ml. beaker, add about 15 ml. 
of HCl (1:1) warm, and then add HNOj (sp.gr. 1.42), a little at a time, until the alloy 
is dissolved and the tin completely oxidized. 

2. During the heating of the acid ammonium acetate to dissolve the PbCh, the 
solution should remain perfectly clear, any turbidity indicating the presence of tin or 
antimony, as even 1 mg. of tin or antimony will cause a slight but distinct turbidity. 

Determin'.\tiox of Copper and Antimo.vy 

Solutions Required - — Potassium Hydroxide , — Dissolve 100 g. of KOH in 
500 ml. of water. 

Potassium Cyanide . — Dissolve 3.5 g. of KCX in 1800 ml. of water and 
standardize against copper of known purity. 

Sodium Thiosulfate . — Dissolve 24.8 g. of NasSjOa- oIIjO in 1000 ml. of 
water, and allow to stand for 24 hours. Standardize against Antimony Metal 
c.p., using same quantity of reagents and same procedure as under (c) Deter- 
mination of Antimony. 

Method. — See “ Determination of Lead.” 

Evaporate the filtrate from PbClj filtration by boiling in the loosely covered 
800-ml. beaker, and finally take to dryness on a water-bath. Add 10 ml. t>f 
KOH solution and after a few minutes add 20 ml. of 3% H2O3. Add more 
KOH, if solution is acid, until an alkaline reaction is shown by litmus paper. 
Heat on the water-bath for 20 minutes, add 10 g. of ammonium oxalate, 10 g. 
of oxalic acid, and 200 ml. of water and heat to boiling. Pass in HjS for 45 
minutes with solution near boiling; filter at once; and wash precipitate with 
hot dilute solution of oxalic acid saturated with ILS, catching washings with 
filtrate. 

Wash the precipitate of copper and antimony sulfides from the filter paper 
back into the beaker with the least amount of water possible ; treat with 10 ml. 
of KOH solution ; heat on water-bath until the undi.ssolved matter i.s distinctly 
black, filter through same paper into a 500-mI. Krlennieyer flask. Wash the 
precipitate with hot water containing a small amount of K2S. 

(a) Determirudion of Copper by Potassium Cijanide Titraiion 

Dry and ignite the precipitate with paper in a small casserole, dissolve in 
nitric acid (sp.gr. 1.42), boil to expel nitrous fumes, neutralize with NajCOj, add 
a few drops of NH^OH and titrate with standard KCN solution. 
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( 6 ) Determination of Copper by Electrolytic Method 

See “ Determination of Copper by Potassium Cyanide Titration.” 

Dry and ignite the sulfide precipitate in a small casserole, dissolve in 
10 ml. of HNO3 (sp.gr. 1.42), boil until oxides of nitrogen are expelled and add 
50 ml. of distilled water. Transfer to a tall 200-ml. beaker, wash out casserole, 
add 5 ml. of H2SO4 (sp.gr. 1.84) and determine copper by electrolysis. See 
“ Analysis of Manganese Bronze.” 

Notes. — 1. On filter after heating with KOH solution, the copper remains as 
sulfide with a small amount of lead sulfide which failed to be precipitated as chloride. 
If it is desired to determine this lead, it can be done by separation from the copper by 
ordinary methods. 

2. If the amount of antimony and copper is small Qess than 10 mg.), the lead which 
failed to be precipitated as chloride may also fail to come down as sulfide on passing 
HjS through the oxalic solution. It will remain in the filtrate from the sulfides and be 
deposited electrolytically with the tin on the cathode. This can be prevented by 
adding an oxalic acid solution of a pure antimony salt containing about 100 mg. of 
antimony just before passing HjS. In this case antimony must be determined on a 
separate portion. (See “ Determination of Antimony in Solder,” General Method.) ^ 

3. If the amount of copper present is from 8 to 10 mg. or more, it should be deter- 
mined by the electrolytic method. In this case, the small amount of lead precipitated 
as sulfide with the copper is deposited on the anode as Pb 02 and may be weighed, 
calculated to lead by factor 0.8662 and added to that obtained under “ Determinations 
of Lead.” 

(c) Determination of Antimony 

See “ Determination of Copper by Potassium Cyanide Titration.” 

Add 50 ml. of HCl (sp.gr. 1.18) to the KOH solution of antimony sulfide, 
and boil down to small volume until all arsenic has been expelled as arsenious 
chloride. 

Add 25 ml. of HCl (sp.gr. 1.18) and 1 g. of KClOs and boil until colorless. 
Filter into a 500-ml. Erlenmeyer flask, through glass wool if sulfur has separated, 
wash out original flask with HCl (sp.gr. 1.18), cool, add 1 g. of KI, 1 ml. of 
CS2, and titrate wdth standard thiosulfate solution. 

Notes. — 1. When arsenic is present to the extent of 0.3%, the addition of 50 ml. 
of HCl (sp.gr. 1.18) to the KOH solution and subsequent boUing may not completely 
expel the arsenic. In such case add a gram or two of sodium thiosulfate and repeat with 
the addition of HCl and boiling. 

2. If sulfur is present it wiU dissolve in the CS 2 and impart a color to the indicator 
which interferes with the reading of the end-point. To eliminate this condition titrate 
with the Na 2 S 203 solution to within 0.5 ml. of the end-point, pour the solution into a clean 
flask, add the CS 2 and continue the titration. 

Determination of Tin 

Apparatus for Electrolysis. Electrodes . — See “Determination of Copper 
by the Electrolytic Method, Analysis of Manganese Bronze.” 

Platinum wire spiral anodes. 

Method. — See “ Determination of Copper and Antimony,” 

Concentrate the filtrate and washings from the precipitated sulfides, if neces- 
sary, to a volume of 200 ml. and add 5 g. more of oxalic acid in case the amount 
of tin is over 0.5 g. Electrolyze until the solution reacts alkaline, using a 
current of about 0.5 ampere. Remove the cylinder; wash twice with distilled 
water and once with 95% ethyl alcohol; dry at 110® C. and weigh. 
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Note. — 1. If the electrolysis is carried out over night, it will usually be found by 
morning that the solution has become alkaline and it may be taken for granted that the 
tih has all been precipitated on the cathode. The best results are obtained by regulating 
the current, or the time, so as to render the solution alkaline only a very short time 
before the cathode is to be removed. The anode should touch the bottom of the beaker 
to insure proper agitation of the electrolyte. The cathode should be 0.25 inch above. 

2. Appreciable amounts of nickel, zinc and iron should not be present. 

B. Determination of Arsenic 

Solutions Required. Ferric Chloride , — Solution of specific gravity 1.43. 

Ammonium Carbonate . — Dissolve 75 g. in 500 ml. of water. 

Method. — Weigh 1 g. of sample into a 250-ml. distillation flask and add 10 
ml. of FeCls solution, 60 ml. of HCl (sp.gr. 1.18), 20 ml. of water and 5 g. of KCl. 
Connect the flask with a condenser, heat slowly until solution is complete and 
boil down to as small a volume as possible, catching distillate in a tall 400-ml. 
beaker. Cool flask, add 50 ml. HCl (sp.gr. 1.18) and redistill as before, catch- 
ing distillate in same beaker. Cool distillate and pass HaS through for one 
hour, allow to settle and filter the arsenious sulfide on a Gooch crucible. Wash 
t\^-ice with HCl (1 : 4), four times with cold water, three times with alcohol 
and four times with CSa. Dry at 110® C. for 10 minutes, and weigh after 
cooling. Dissolve the arsenious sulfide with (NH4)2C03 solution, ^vash thor- 
oughly \\*ith -water, dry for 30 minutes at 110® C. and reweigh after cooling. 
The difference in weights multiplied by 0.6091 gives the percentage of arsenic. 


RAPID METHODS FOR CONTROL WORK** 

A. DETERMINATION OF LEAD AND COPPER 

Solutions Required. Lead Acid,— See “ Determination of Lead as Sul- 
fate, Analysis of Manganese Bronze.” 

Dilute Alcohol for Washing , — Mix equal parts of denatured alcohol and 
distilled w*ater. 

Method 

(a) Determination of Lead 

In a covered 30O-m!. Erlenmeyer flask dissolve 1 g. of the alloy in 20 ml. 
of H2S04 (sp.gr. 1.84); heat the solution nearly to boiling until the metal is 
completely decomposed and the PbS04 is white (this may take 30 minutes or 
more) and finally boil for .several minutes. Allow to cool, but not below 60“ C., 
and then add slowly 50 ml. of water while the solution is agitated. Heat to 
boiling for several minutes in order to insure complete solution of antimony 
sulfate. Allow the PbS04 to settle out until the solution is clear, not letting 
the temperature fall below 60® C. If the liquid does not clear quickly, it 
must be heated longer. When clear, pour the solution through a weighed 
porcelain Gooch crucible with asbestos mat, decanting the solution a.s com- 
pletely as possible without allowing more than a very small amount of PbS04 

**See "The Analysis of I^ead, Tin, Antimony and Copper," by D. J. Demorest, 
J. Ind. and Eng. Chem., 5, 842 (1913); " Rapid Analysis of Alloys for Tin, Antimony and 
Awenic," by F. A. Stief, J. Ind. and Eng. Chem., 7, 211 (ims); and W. B. Price and 
R. K. Meade, "Technical Analysis of Brass," p. 182, John Wiley and Sons, N. Y., 1917, 
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to go over into the crucible. Now add 10 ml. more of H2SO4 (sp.gr, 1,84) to 
the PbS04 in the original flask, and boil for several minutes. Cool, add slowly 
30 ml. of water, and again heat to boiling for a few minutes ; allow the solution 
to cool to about 60° C. and completely transfer the PbS04 to the Gooch crucible. 
Wash with lead acid, retaining the filtrate and these washings for the copper 
determinations. Remove the beaker containing these solutions and wash out 
the lead acid with dilute alcohol; set the Gooch crucible inside a porcelain 
crucible; dry and ignite for five minutes at the full heat of a Tirrill burner; cool 
and weigh as PbS04, which contains 68.33% lead. 

(6) Determination of Copper 

To the filtrate from the PbS04, which contains the copper and which has 
been transferred to an Erlenmeyer flask, add NH4OH (sp.gr. 0.90) until the 
solution is slightly alkaline; then add 2 ml. of H2SO4 (sp.gr. 1.84); heat nearly 
to boiling; add 2 g. of Na2S03 and when this is entirely dissolved add 1 g. of 
KCNS dissolved in 10 ml. of water. Shake well and allow the precipitated 
CuCNS to settle for one hour while the solution is kept hot. Filter on a close 
filter paper, wash with cold water and ignite paper and precipitate in a porcelain 
crucible. Proceed by one of the two following methods : 

(1) Dissolve in HNO3 (sp.gr. 1.42), add 5 ml. H2SO4 (sp.gr. 1.84) ; evaporate 
until fumes of H2SO4 are evolved. Dilute to about 100 ml. with distilled 
water. Add 1.5 ml. of H NO 3 (sp.gr. 1.42) and determine copper by electrolysis. 
See the “ Determination of Copper by the Electrolytic Method, Analysis of 
Manganese Bronze.” 

(2) Dissolving the ignited precipitate in HNO3 (sp.gr. 1.42), as in (1); 
boil to expel nitrous fumes, neutralize with NajCOa and determine volumetri- 
cally with cyanide as in A of “ General Method.” 

Note. — If the amount of copper is very small it may escape detection by this 
method, in which case it should be determined as in A of “General Method.*’ 


B. DETERMINATION OF ARSENIC, ANTIMONY AND TIN 

Apparatus. Arsenic Still — A condenser is made from glass tubing in the 
'form of a letter S, about 18 in. long and 3^ in. in inside diameter, tapering to 
about 34 in- at the upper end and to about 34 at the lower end. One curve is 
nearly filled with water, and is submerged in cold water in a 500-ml. beaker. 
The lower end dips into about 75 ml. of water in a 300-TnI. beaker and the 
upper end is connected by a delivery tube with a 300-ml, Florence flask, closed 
with a rubber stopper which is fitted with a delivery tube and with a ther- 
mometer reaching to about 1 in. above the surface of the liquid in the flask. 

Solutions Required. Iodine . — Dissolve 10.7 g. of iodine in 50 ml. of dis- 
tilled water which contains 20 g. of KI in solution and dilute to 1000 ml, with 
distilled water. Standardize against pure tin having exactly the same condi- 
tions for titration as are specified for the analysis of the alloy. Each milliliter 
is equivalent to approximately O.OOSOO g. of tin or 0.00315 g. of arsenic. 

Potassium Permanganate . — Dissolve 2.7 g. of KMn04 in distilled water, 
filter through asbestos, and dilute to 1000 ml. with distilled water. Standardize 
against pure antimony having exactly the same conditions for titration as are 
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specified for the analysis of the alloy. Each milliliter is equivalent to ap- 
proximately 0.00500 g. of antimony or 0.00465 g. of iron. 

Ferrous Ammonium Siif/a/e.— Dissolve 12.4 g, of ferrous ammonium sul- 
fate crystals in 950 ml. of distilled water and add 50 ml. of H2SO4 (sp.gr. 1.84). 

5;Qr(./,_To 1000 ml. of boiling water add a cold suspension of 6 g. of 
starch in 100 ml. of distilled water; cool, add a few drops of chloroform and 
mix thoroughly. 

(а) Determination of Arsenic 

Method. — In a 300-ml. Florence flask, dissolve 0,5 g. of the alloy in exactly 
8 ml. of H2SO4 (sp.gr. 1.84). The metal must be finely divided, preferably in 
the form of thin foil-like shavings, although sawings or very fine drillings may 
be used. Heat the solution to boiling; cool, add about 5 ml. of water and a 
bulk of about 0.5 ml. of clean granulated pumice stone and boil the covered 
solution very gently for about five minutes, or until the strong odor of SO2 can 
no longer be detected. Finally, being careful to have 5 ml. of water present, 
cool the solution to about IS"* C. and cautiously add 20 ml. of HCl (sp.gr. 1.18). 
Insert in the flask a rubber stopper fitted with a thermometer and delivery tube 
and connect the delivery tube with the “ S ” condenser. Heat the solution to 
gentle boiling for from 10 to 15 minute.s, keeping the vapor temperature at 
107° C. for at least 5 minutes. Wash out the condenser into a 300-ml. beaker 
and add an excess of about 2 g. of XaHCOs. Bring the volume of the solution 
to about 200 ml.; warm to about 27° C., add 5 ml. of starch solution and titrate 
with standard iodine solution to the appearance of a deep blue color. 

Xote.— A blank determination should be made on corresponding amounts of reagents 
treated as above, and the results should be corrected accordingly. 

(б) Determination of Antimony 

Cool the solution which remain.s in the fla.sk after the arsenic distillation; 
add about 130 ml. of cold, recently-boiled distilled water to which has been 
added about 3 ml. of HCl (sp.gr. 1.18) and titrate with standard KMuO^ 
solution to the appearance of a decided permanent pink color. From a burette 
add an excess of standard ferrous ammonium sulfate solution until the punk 
color is discharged and then titrate with standard KMn04 solution to the. 
reappearance of a pink color. 

(c) Determijiation of Tin 

If the sample does not contain 14% (or 0.07 g.) of antimony, add enough 
dissolved SbCh to the .solution to bring the contents of antimony up to about 
0.07 g. for the purpose of insuring [perfect reduction of the tin and uniform 
conditions for the titration. Then add exactly 6 ml. of H2S()4 (sp-gr- 1-^4) 
and 60 ml. of HCl (sp.gr, 1.18) and add about 6 in. of clean, soft No. 14 pure 
iron wire cut into 2 in. lengths and cleaned with dilute HCl just before using. 
Boil gently for 30 minutes, add about 6 in, more wire and boil 30 minutes longer. 
Remove from heat, close flask loosely with a rubber stopper and allow about 
two minutes for all air to be expelled by hydrogen and acid vapors. Close 
flask tightly and quickly place it in cold water, cooling the solution to about 
20° C. Transfer the solution quickly to a 500-ml. beaker (leaving the iron 
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wires in the flask) and rinse flask and contents with 150 ml, of cold, recently- 
boiled distilled water. Add rinsings to main solution in the beaker, bring 
final volume to about 300 to 350 ml., add 5 ml. of starch solution and titrate 
quickly with standard iodine solution to the appearance of a strong blue color. 

Notes. — A blank determination should be made on corresponding amounts of 
reagents treated as above, and the results should be corrected accordingly. 

If the copper content of the aUoy is as high as about 3% or over, it prevents a good 
end-point in the tin titration when the tin percentage is low. Under such conditions, 
just before titrating, add about 1 g. of K1 crystals, stir until nearly dissolved and titrate 
immediately. If allowed to stand too long at this point, trouble may be encountered 
due to the precipitation of some of the other constituents. 

Other forms of pure iron may be employed, but the wire as above specified has been 
found convenient. 

For accurate work it is desirable to reduce and titrate the solution of tin in an 
atmosphere of COj, 

THE DETERMINATION OF IMPURITIES IN TIN BASE AND 
LEAD BASE ALLOYS 

General Considerations, — The impurities that are usually present in tin 
base and lead base alloys vary from 0.5% to traces. The following methods 
are given on the assumption that an impurity does not exceed 0.10%, When 
an impurity is present to a greater extent, a smaller amount of sample may be 
taken. 

THE DETERMINATION OF LEAD, BISMUTH, IRON, ALUMINUM 
AND NICKEL IN TIN BASE BEARING METAL 

Determination of Lead 

Solutions Required, Potassium Hydrosulfide Stock Solution, — Weigh 
200 g. of KOH into an 1100-ml. beaker, dissolve in about 800 ml. of distilled 
water and pass H2S for about one hour. Make up to a volume of 2000 ml. 
with distilled water, mix and allow to stand over night. Filter off portions 
as required for use. 

Potassium Hydrosulfide Wash Solution, — Mix one part of the potassium 
hydrosulfide stock solution with two parts of distilled water. 

Lead Acid, — See ‘‘ Determination of Lead as Sulfate, Analysis of Man- 
ganese Bronze.” 

Acid Ammonium Ace/afe.— See “ Determination of Lead, Analysis of 
Alloys of Lead, Copper, Antimony and Tin ” under General Methods. 

Method. — Weigh 5 g. of the sawings into a 600-ml. beaker, add 30 ml. of 
HCI (sp.gr. 1.18), warm on a hot plate and add HNO3 (sp.gr. 1.42), a few drops 
at a time, until the alloy is dissolved and the tin is completely oxidized. Dilute 
to a volume of 100 ml. with cold water and make strongly alkaline with a cold 
saturated solution of KOH. Avoid a large excess of the KOH solution. Im- 
mediately add 70 ml. of the potassium hydrosulfide stock solution, stir and 
allow to stand in a warm place until the precipitate settles and the supernatant 
solution is a clear lemon yellow. Filter and wash with the warmed potassium 
hydrosulfide wash solution. 

“ Methods of the National Lead Company Research Laboratories. 
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Throw the filter paper and precipitate back into the original beaker, add 
5 ml. of HNO 3 (sp.gr. 1.42), heat until the paper is pulped and the sulfide dis- 
solved, add 40 ml. of lead acid and evaporate to fumes of H 2 SO<. Just before 
the solution begins to fume it will become dark colored due to the action of the 
H 2 SO 4 on the filter paper. At this point add a drop or two of HNO3 (sp.gr. 
1.42) to the hot solution and continue to fume. Repeat the addition of HNO3 
until the solution shows no brown coloration even upon strong fuming. Cool, 
add a few ml. of water and take to fumes a second time. Again add a few ml. of 
water and fume. Finally cool, add 35 ml. of water, bring to boiling, cool, and 
allow to stand several hours. Filter and wash with lead acid. 

Dissolve the PbS 04 with 30 ml. of hot ammonium acetate solution, wash 
with hot water, dilute to a volume of 150 ml., bring to boiling, add 10 ml. of a 
saturated solution of K 2 Cr 207 and allow to stand in a warm place several 
hours. Filter on a weighed porcelain gooch crucible and wash several times 
w’ith hot water and once with alcohol. Dry at 110 ° C. for one hour. Cool 
and weigh as PbCr 04 , Multiply by 0.6375 for lead. 

Accuracy. — Duplicate determinations should check within 0.008% of lead. 

Note. — In preparing the Gooch crucible it is advisable to fit a small filter paper in 
the bottom of the Goocn crucible before adding the asbestos and treat exactly as in the 
determination. 


Determin.\tiox of Bismuth 

Method. — Dissolve 10 g. of sawings with 50 ml. of IICl (sp.gr. 1.18) and 
sufficient HXO 3 (sp.gr. 1,42) to oxidize the tin, dilute to a volume of 150 ml., 
make alkaline with a saturated solution of KOH, add 80 ml. of the KSH stock 
solution, stir, allow to stand, filter and wash wdth the KSH wash solution. 
(See “ Determination of Lead.’’) 

Wash the precipitate back into the beaker, place under the funnel and pour 
through the filter 15 ml. of hot HNO 3 (1 : 2). Bring to boiling, filter through 
the same paper and w^ash with hot water. If a black residue still remains, 
transfer to a small porcelain crucible, dry, ignite at a low heat, dissolve in 2 ml. 
of HXO3 (sp.gr. 1.42) and transfer to the main solution. Evaporate to a vol- 
ume of 50 ml. and allow to stand in a w'arm place for one hour. If a precipitate 
of IlaSnOj forms, filter and wash with hot HNOa (1 ; 50). Discard the residue. 

Make the solution just neutral with NH4OH (1 : 2), add 5 ml. of HCI 
(1 : 9) in excess, dilute to a volume of 400 ml. with hot water and allow to 
stand in a warm place at least two hours, preferably over night. Filter on a 
w’eighed porcelain Gooch crucible, wash several times with hot water, once with 
alcohol, dry at 110° C. for one hour, cool and weigh as BiOCl. Multiply by 
0.8024 for bismuth. 

Accuracy. — Duplicate determinations should check within 0.005% of 
bismuth. 

Notes, — 1. WTicn a relatively large amount of a lead ha.se alloy or a tin base alloy 
containing considerable lca<l is dis.sf)Ived in a solution, lead chloride will separate out 
before the alloy is dissolved, if insufficient solution is present, and retard further solvent 
action. For the solution of alloys containing lead and subsequent procedure see 
“ I>elermination of Antimony, Zinc and Copper in Holder.’' 

2 . If a precipitate of HjHnOs forms when the sulfides are dissolved in HNOi, anti- 
mony may he present in solution, and precipitate out with the BiQCh In that case, 
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filter the BiOCl on a paper, dissolve in 10 ml. of hot HCI (1 : 1), wash, dilute to 100 ml., 
HaS, filter, wash, treat the sulfides, with 10 ml. of the KSH stock solution mixed 
with an equal quantity of water, filter and wash. Proceed as described above. 

3. See Note under “Determination of Lead.’' 

Determination or Iron 

Method. — Dissolve 12.5 g. of alloy as described under “ Determination of 
Bismuth.'^ Add about 2 g. of KCl and evaporate to near dryness. Add 20 
ml. of HCI (sp.gr. 1.18), dilute to 50 ml. with water, bring to boiling and pass 
HgS. As the sulfides begin to form, keep adding hot water from time to time 
until the volume of solution is finally brought up to 400 ml. Continue passing 
H2S for 30 minutes. Transfer to a 500-ml. graduated flask, cool to room tem- 
perature, make up to the mark with a 2% solution of HCI through which HjS 
has been passed, mix and filter off 400 ml. through a dry paper discarding the 
first 15 or 20 ml. of solution. 

Boil the filtrate to expel HsS, add 3 ml. of HNO3 (sp.gr. 1,42) to oxidize the 
iron, make just alkaline with NH4OH (sp.gr, 0,9), using methyl red as an indi- 
cator, boil for two minutes, filter and wash several times with a 2% solution of 
NH4CI, and once with hot water. (The filtrate may be used for zinc. See 
Determination of Zinc in Solder.’') Dissolve the precipitate from the filter 
with 15 ml. of II2SO4 (1 : 4), wash with hot water and evaporate to fumes of 
H2SO4. Cool, add 25 ml. of water, bring to boiling, cool and allow to stand 
for any lead to separate that may not have been precipitated by the HaS. 
Filter and wash with cold dilute H2SO4 (1:9). To the filtrate add a slight 
excess of a strong solution of KMn04, pass through a Jones redactor and titrate 
with approximately 0.006 N KMa04. (See “ Determination of Iron, Analysis 
of Manganese Bronze.”) 

Accuracy. — Duplicate determinations should check within 0.003% of iron. 

Notes. — 1. See Note 1 under “Determination of Bismuth,” and “Determination of 
Zinc, Determination of Antimony, Zinc and Copper in Solder.” 

2. If iron only is desired, the solution may be made slightly alkaline and allowed to 
stand an hour or so in a warm place. The addition of 
methyl red may be dispensed with. 

Determination of Aluminum 

Apparatus Required. Anodes.— Platinum wire 
spirals. 

Cathodes, — The cathode is metallic mercury 
contained in a glass receptacle (Fig. 182) in which 
has been fused at A a small piece of fine platinum 
wire looped at the outer end. Contact is made 
by means of a piece of copper wire. About 12 ml. 
of mercury is used forming a column about 1.5 
inches high. The apparatus will conveniently 
hold, exclusive of the mercury, 125 ml. of solution. 

Method. — Proceed exactly as in “ Determina- 
tion of Iron ” up to the point where any lead that 
may not have been precipitated as a sulfide has been separated as a sulfate. 

Make the filtrate just neutral with NH4OH (1:2) and then acid with 10 
ml. of HjS 04 (1 : 9) in excess. Dilute to a volume of 80 ml., transfer to tho 



Fig. 182, Apparatus for De- 
termination of Aluminum. 
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receptacle containing the mercury as cathode, and electrolyze over night using a 
current of 0.5 ampere. Transfer tlie electrolyte to a 400-ml. beaker, wash the 
mercury with water, combine electrolyte and washings, add 5 g. of NH4CI, 
make just neutral with NH40H using methyl red as an indicator, boil for two 
minutes, filter and wash with hot water. Ignite in a weighed porcelain crucible 
at first over a low, then over a strong Bunsen flame. Cool and weigh as AlaOs. 
Multiply by 0.529 for aluminum. 

Accuracy. — Duplicate determinations should check within 0.003% of 
aluminum. 

Notes. — 1. See Note 1 under ^‘Determination of Bismuth.'^ 

2. Phosphorus, if present, will interfere. For its correction see Determination of 
Aluminum, Analysis of Manganese Bronze,” Method (a). 

Determin.\tion of Nickel 

Method. — Proceed exactly as in “ Determination of Iron ” up to the point 
where 400 ml. of solution has been filtered off from the sulfides. 

Boil to expel H2S, add 3 ml. of HNO3 (sp.gr. 1.42) to oxidize iron, evaporate 
to a volume of about 100 ml., add 10 ml. of a 20% .solution of .sodium potassium 
tartrate, nearly neutralize with NH^OH (sp.gr. 0.9), heat nearly to boiling, 
add 10 ml. of a 1% solution of dimethylglyo.xime and then NH40H in slight 
excess. Allow to stand in a warm place at least 30 minutes, filter on a weighed 
Gooch crucible and wash with 1% solution of NH4OH. Dry at 110® C. for 
two hours. Cool and weigh as NiCgH 14X404. Multiply by 0.2032 for Nickel 
(see “ Determination of Nickel, Analyses of Bronze Bearing Metal ”). 

Accuracy. — Duplicate determinations should check within 0.001% of 
nickel. 

Notes. — 1. The filtrate from the iron and aluminum separation with NH 4 OH may 
be used for the determination of nickel in which case the addition of sodium potassium 
tartrate is unnecessary. 

2. See Note under “Determination of Lead,” 

DETERMINATION OF ANTIMONY, ZINC AND COPPER 
IN SOLDERS" 

(ALLOY OF LEAD AND TIN) 

Determination of Antimony 
A. General ^^ethod 

Solutions Required. Mixed Acid . — Mix 400 ml. of HCl (sp.gr. 1.18) and 
500 ml. of water and then add lOO ml. of IINO3 (1.42). 

Potassium Hydroxide Solution. — Di.s.solve 100 g. of KOH in 500 ml. of 
water. 

Copper Solution . — Dissolve 2.0 g. of CuS04‘5H20 in 500 ml. of water. 

KSH Stock Solution. — See “ Determination of Lead, etc., in Tin Base 
Bearing Metal.’^ 

” Method.s of the National Ivcad Company Research I.aboratories. 

See “Specifications for Solder Metal,” 1936 Book of A. S. T. M. Standards, part I, 
p. 695. 
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Potassium Iodide Solution, — Dissolve 20 g. of KI in 500 ml. of water. 

Sodium Thiosulfate. — See “ Determination of Lead, Analysis of Alloys 
of Lead, Copper, Antimony and Tin,” General Methods. 

Method. — Weigh 5 g. of the sawings into a 250-ml. beaker, add 150 ml. 
of the mixed acid and heat over a low flame on the hot plate. When PbCU 
begins to form, decant the clear solution into a 400-mI. beaker, again add 150 ml. 
of the mixed acid to the undissolved alloy and continue heating until the solu- 
tion is complete. Two 150 ml. additions of the mixed acid should suffice to 
completely dissolve the alloy without the formation of appreciable PbCL in the 
hot solution. Combine the two solutions, add about 2 g. of KCi, evaporate 
to a volume of 100 ml., cool in ice water and separate the PbCL by decantation, 
washing three times with cold HCI (1 : 2). Evaporate to a volume of 40 ml. 
Cool, allow to stand a few hours or preferably over night, decant the clear 
solution into a 600-ml. beaker, wash the PbCL by decantation with cold HCI 
(1:2) pouring the washings through a small filter, evaporate the solution to 
near dryness, make just alkaline with KOH solution, add*12 g. of oxalic acid 
and 10 ml. of copper solution, dilute to a volume of 400 ml., bring to boiling, 
and pass H 2 S for 45 minutes, keeping the solution hot and the volume constant 
during the passage of the H 2 S. Filter and wash with a hot dilute solution of 
oxalic acid saturated with H 2 S. 

Wash the precipitate from the filter paper back into the beaker, add 10 ml, 
of KSH stock solution and 10 ml. of KOH solution, and digest on the water 
bath for 5 or 10 minutes. Filter through the same paper into a 500-ral. Erlen- 
meyer flask and wash with hot water containing a little of the KSH solution. 
Discard the residue. 

Proceed exactly as in Determination of Antimony, Analysis of Alloys of 
Lead, Copper, Antimony and Tin,” General Methods. 

Accuracy. — Duplicate determinations should check within 0.012% of 
antimony. 

B. Rapid Method for Control Work 

Solutions Reqiiired. N/20 Potassium Permanganate Solution, — Dissolve 
1.58 g. of KMn 04 in 1 liter of water. For its preparation and standardization 
see “ Determination of Antimony, Analysis of Alloys of Lead, Copper, An- 
timony and Tin,” Rapid Methods for Control Work. 

Method. — Weigh 3 g. of the sawings into a 500-ml. Florence flask, add 20 
ml. of H2SO4 (sp.gr. 1.84), place over a free flame and heat until completely 
decomposed. Cool, add 50 ml. of distilled water and boil down to a volume of 
40 ml. If SO 2 is not completely expelled, dilute slightly and continue boiling 
until it is. The volume at this stage should be 35 to 40 ml. Cool, add 15 ml. 
of HCI (sp.gr. 1.18) and boil vigorously for five minutes. Add 200 ml. of cold 
water, immerse in cold tap water until the solution is cold and titrate with 
N/20 KMnO* solution to the first tinge of a permanent pink. 

Run a blank determination on a mixture composed of pure tin and pure lead 
approximating the composition of the sample. Correct for same. 

Accuracy. — Duplicate determinations should check within 0.01% of 
antimony. 

Note. — The antimony content of the metals used for the blank should be known. 
The best brands of tin on the market may carry a small amount of antimony; the best 
brands of lead may carry as a maximum 0.004% of antimony. 
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Determination of Zinc 

Solutions Required. Citric Acid Solution. — Dissolve 250 g. of the crystals 
in 500 ml. of water. 

Standard Zinc Solutioru — Dissolve exactly 0. 1 g. of U. S. Bureau of Stand- 
ards puro^bP^in 5 nil. of HCl (sp.gr, 1.18) and dilute to exactly 1000 ml. with 
water. 

Poiassfwh Ferrocyanide Solution. — Dissolve 2 g. of K4Fe(CN)«'3H20 in 
100 ml. of water. 

Method.^* — Weigh 6.25 g. of the sawings into a 250-ml. beaker and proceed 
exactly as in “ Determination of Antimony ” up to the point where the solution 
is evaporated to near dryness. Add 20 ml. of HCl (sp.gr. 1.18), dilute to 50 ml. 
with water, bring to boiling and pass HjS, adding hot water from time to time 
during the passage of the HzS until the volume is brought up to 400 ml. Con- 
tinue passing H2S for 30 minutes. Transfer to a 500-ml. graduated flask, cool 
to room temperature, make up to the mark with a 2% solution of HCl through 
which H2S has been passed, mix and filter off 400 ml. through a dry paper dis- 
carding the first 15 or 20 ml. of solution. 

To the filtrate add 5 ml. of H2SO4 (.sp.gr. 1.84) and evaporate fumes of 
HjSOj. Cool, add 35 ml. of water, bring to boiling, cool, and allow to stand. 
Filter and wash with cold dilute II0SO4 (1 : 9). Discard the residue. Bring 
the filtrate to boiling, add 3 ml. of HXO3 (sp.gr. 1.42), add 2 g. of NH4CI, make 
slightly alkaline with NH4OH (sp.gr. 0.9), again bring to boiling and allow to 
stand in a warm place for an hour or so. Filter and wash. 

Boil the filtrate to expel NH40H, add 10 ml. of citric acid solution, dilute 
to a volume of 200 ml., again bring to boiling and cautiously add CaCOs in 
small portions at a time until about 1 g. of calcium citrate separates. Pass 
H2S through the solution until cold and allow to .stand .several hours, part of 
the time on a water bath. Filter and wa.sh with a 2% solution of ammonium 
thiocyanate. 

Wash the precipitate back into the beaker with as little water as pos.sible, 
set the beaker under the funnel and pour through the filter 15 ml. of HCl 
(1 : 1). Replace with a clean beaker, bring the .solution to boiling, filter 
through the same paper and wash with hot w’ater. Keep the volume below 
100 ml. Reserve as solution Xo. 1. At the same time the sample is being run 
a blank determination should be carried along. Reserve as solution Xo. 2. 
Cool both solution.s to room temperature. 

Transfer solution Xo. 1 into a 100-mI. Xc.ssler tube, add 2 ml. of the ferro- 
cyanide solution, make up to mark and mix. Transfer solution Xo. 2 into 
another lOO-ml. Xeasler tube, add 2 ml. of the potassium ferrocyanide solution, 
make up to mark, mix and add the standard zinc solution, a few drops at a 
time, until the turbidities match. Mix between each addition of the standard. 
Comparison is best made by .setting the tubes over a sheet of fine print and 
looking down the tubes. (Bee Determination of Zinc, Tentative Methods of 
Chemical Analysis of Pig I./ea<l.") 

Accuracy. — Duplicate determinations should check within 0.001% of zinc. 

**See “Determination of Small Quantities of Zinc/’ by M. Bodansky, J. Ind. and 
Eng. Chem., !3, 6^ (1921), 
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Note. — The turbi dimetric test is very sensitive for amounts of zinc not exceeding 
0.0005 g. If the sample contains over 0,01% of zinc take such an aliquot portion, as 
will not contain more than this amount. 

Determination of Copper 

Solutions Required. Standard KCN Solution , — Dissolve 4 g.‘of KCN in 
1000 ml. of water. Standardize against pure copper exactly as^in'the deter- 
mination. Each ml. of the standard solution should equal about 0.001 g. of 
copper. 

KSH Stock and Wash Solutions . — See Determination of Lead, etc. in 

Tin Base Bearing Metal.” 

Method. — Weigh 5 g. of the sawings into a 250-mL beaker and proceed 
exactly as in '' Determination of Antimony ” up to the point where the lead 
has been separated as PbCL- Dilute the filtrate to a volume of 150 ml., make 
alkaline with a saturated solution of KOH, add 70 ml. of KSH stock solution, 
stir, allow to settle, filter and wash with KSH wash solution. Throw the filter 
back into the beaker, add 5 ml. of HNO3 (sp.gr. 1.42) and 5 ml. of H2SO4 
(sp.gr. 1.84) and evaporate to fumes of H2SO4. Remove carbonaceous matter 
with HNO3 (sp.gr. 1.42) and again fume. Cool, add 50 ml. of water, bring to 
boiling, cool, allow to stand, filter and wash with cold water. (See “ Deter- 
mination of Lead, Analysis of Lead, Bismuth, etc. in a Tin Base Bearing 
Metal.”) Discard the residue. 

Warm the filtrate^ pass H2S for 15 minutes, filter and wash with H2S water. 
Wash the precipitate back into the same beaker, add 10 ml. of KSH stock 
solution, digest on the hot plate for a few minutes, filter through the same paper, 
and wash two or three times with KSH wash solution and twice with H2S water. 

Transfer the residue to a small porcelain crucible, dry, ignite, cool, add 2 ml. 
of HNO3 (1 : 1) and evaporate to dryness. Cool, add 1 ml. of HNO3 (1 : 1), 
neutralize with a saturated solution of sodium carbonate, add 4 drops of 
NH4OH (sp.gr. 0.9) and titrate with standard KCN solution to the disap- 
pearance of the blue color. 

Accuracy. — Duplicate determinations should check within 0.004% of copper. 

Note. — For amounts of copper exceeding 0.010 g. weigh out a smaller charge or 
determine the copper eleotrolytically. (See ‘'Determination of Copper, Analysis of 
Alloys of Lead, Tin, Antimony and Copper," General Methods.) 


DETERMINATION OF TIN IN BATTERY PLATE METAL 
(Alloy of Lead and Antimony) 

Apparatus Required. - -Insert in a No. 6 sulfur-free rubber stopper a bent 
outlet tube having an outside diameter of about 3.5 mm. and a capacity of 
about 12 ml. A bent pipette will answer for the purpose. When the stopper is 
inserted into the mouth of a 500-ml. Erlenmeyer flask the short end of the tube 
should just pass through the stopper while the other end should reach to a level 
in. from the bottom of the flask and be 1 in. distant from it.^® 

Craig, A., “Notes on Chemical Analysis,” p. 114, The Chemical Publishing Co., 

1924. 
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Solutions Required. Standard Iodine Solution and Starch Indicaior.^See 

“ Analysis of Alloys of Lead, Copper, Antimony and Tin,'^ Rapid Methods for 
Control Work. 

Sodium Bicarbonate So/uffon.— Dissolve 10 g. of NaHCOg in 100 ml. of 
recently boiled distilled water contained in a 150 ml,-beaker. 

Method. — Weigh 5-10 g. of sawings into a 300-ml. cone flask, add 25-30 ml. 
of H2SO4 (sp.gr. 1.84) and heat on a bare hot plate until completely decomposed. 
Cool, add 100 ml. of water and 20 ml. of HCl (sp.gr. 1.18), introduce four 
pieces of iron and heat on the hot plate over a low flame until the iron is almost 
but not entirely dissolved. A reduction of 30 minutes should suffice. Filter 
off the precipitated metals through glass wool into a 500-ml. Erlenmeyer flask 
in which has been placed four pieces of iron and wash flask and funnel with hot 
water. The volume at this stage should be about 250 ml. Connect up the 
outlet tube and reduce as before. When reduction is complete, set the bicar- 
bonate solution so that the free end of the outlet tube is immersed in it, W^hen 
gas bubbles start to pass through the NaHCOs solution, remove both flask and 
beaker from the stove, allow to cool at room temperature for about 10 minutes 
and then cool the flask in cold tap water. Remove the outlet tube, withdraw 
the undissolved iron with a magnetized steel rod or file, wash both removed 
iron and rod with water, add 5 ml, of starch solution, and titrate with the 
standard iodine solution to the first tinge of blue. 

Run a blank by treating 10 g. of lead sawings exactly as the alloy was treated 
and make a correction for same. 

Accuracy. — Duplicate titrations should not disagree more than 0.1 ml. 

Notes. — 1. Ordinary strap iron used for strapping shipping rases may be used for 
the tin reduction. Each piece should be 2 in. long and in. wide, weigh about 2 g. 
and be free from grease, lacquer and rust. 

2. The free end of the outlet tube should be kept immersed in the XaHCOj solution 
during the whole cooling operation. 


ANALYSIS OF ZINC BASE DIE-CASTING ALLOY “ 

ALLOY OF ZINC, COPPER AND ALUMINUM 

A. DETERMINATION OF COPPER AND ALUMINUM 

Electrodes for the Electrolysis of Copper. — See '' Determination of Copper 
by the Electrolytic Method, Analysis of Manganese Bronze.'’ 

Apparatus for the Electrolytic Separation of Zinc.® — See “ Determination 
of Aluminum, Determination of Lead, Bismuth, etc, in Tin Base Bearing 
Metal.'^ 

Methods of the National Lead Company, Research Ijaboratories. 

® For spec ifioat ions, see 1935 lVx)k of A. S. T. M. Tentative Standards, p. 369. 

® See "Determination of Aluminum and Magnesium in Zinc liase Die Casting 
Alloys,’' by C. M. Craighead, J. Ind. and Eng. Chem., Anal. Ed., 2, 188 (1930). 
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Solutions Required. Acidulated H 2 S Wash Water , — Dilute 10 ml. of 
H2SO4 (sp.gr. 1.84) to 600 ml. with water and pass H2S for 10 minutes. 

Method. — Weigh 4.0 g. of the sawings into a 300-ml. beaker, add 100 ml. 
of water and 15 ml. of H2SO4 (sp.gr. 1.84). (Add the acid in small doses.) 
When decomposition is complete, filter and wash with hot water. Hold the 
residue. Through the filtrate pass HaS, filter and wash with acidulated H2S 
wash water. Throw both filters into the beaker the filtration was made from, 
add 5 ml. of HNO3 (sp.gr. 1.42) and 5 ml. of H2SO4 (sp.gr. 1.84) and evaporate 
to fumes of SO3, adding a few drops of HNO3 (sp.gr. 1.42) from time to time 
until the solution shows no evidence of a brown coloration. Finally cool, take 
up with 100 ml. of water, bring to boiling, add 3 ml. of HNO3 (sp.gr. 1.42), 
wash into a 200-ml. lipless beaker, cool, dilute to a volume of 150 ml. and 
electrolyze over night with a current of 0.5 amperes. Weigh as metallic copper 
Run in duplicate. 

Boil the filtrate from the CuS separation to expel H2S, oxidize any iron 
present with a few ml. of H2O2 and continue boiling until the solution has 
attained a volume of about 75 ml. Cool, transfer to the receptacle containing 
the mercury and electrolyze over night with a current of 1.5 amperes. 

Transfer the electrolyte to a 400-ml. beaker, wash the anode and the mer- 
cury with water, combine electrolyte and washings, add 5 g. of NH4CI make 
just neutral with NH4OH (1 : 1 ) using methyl red as an indicator, boil for 2 
minutes, filter, wash, ignite over a blast to constant weight and weigh as AI2O3. 
Multiply by 0.5291 for Al. Run in duplicate. 

Notes. — 1. Should the copper content of the alloy be low (0.1% or less) the deter- 
mination may be made by a cyanide titration. 

2 . If the separation of zinc is incomplete a second separation of the Al(OH )3 will 
have to be made. The presence of zinc may readily be detected by passing H 2 S through 
a portion of the filtrate. 

3 . A small amount of iron may be present wuth the AI2O3. In such case, triturate, 
add 5 ml- of HCl (sp.gr. 1.18), evaporate to dryness, take up with 5 ml. of HCl (sp.gr. 
1.18), transfer to a 100-ml. graduated flask, make up to the mark, mix, tap off 25 ml. 
into a 100-mI. graduated Nessler tube, add 2 ml. of NH 4 CNS (1:5), make up to the 
mark, mix and match against a standard solution of iron (1 ml.« 0.0001 g. of iron) 
under similar conditions. 


R. DETERMINATION OF MAGNESIUM 

Method. — Weigh 10 g, of the sawings into a 400-ml. beaker, add 100 ml. of 
water and 20 ml. of HzS04 (sp.gr, 1,84). (Add the acid in small doses.) When 
decomposition is complete, filter and wash with hot water. Discard the 
residue. Evaporate the filtrate to a volume of about 75 ml. and proceed as in 
“ A ” for the electrolytic separation of aluminum and zinc. 

After separating most if not all of the zinc, transfer the electrolyte and 
washings to a 600-inl. beaker, add about 5 g. of tartaric acid (in solution), 5 g. 
of NH4CI and 10 ml. of a saturated solution of microcosmic salt. Make the 
solution alkaline with NH4OH (sp.gr. 0.9) adding sufficient NH4OH to have 
present 15 ml. for every 100 ml. of solution. Stir vigorously and allow to stand 
over night. Filter and wash with cold dilute NH4OH (1 : 9), ignite and weigh 
as MgzPzO?. Multiply by 0.2184 for Mg. Run in duplicate. 



1396 


ANALYSIS OF NON-FERROUS ALLOYS 


Note. — Should the solution after standing over night appear clear or should trans- 
parent crystals form, the magnesium has not been completely precipitated. A vigorous 
stirring at this point should completely precipitate the magnesium. Allow to stand 
severfd hours or preferably over night and proceed as outlined above. 

C. DETERMINATION OF CADMIUM AND IRON 

Weigh 30 g. of the sample into a 600ml. beaker, add 100 ml. of water and 
34 ml. of H2SO4 (sp.gr. 1.84). (Add the acid in small doses.) When decom- 
position is complete, add 10 g. of Na2S04, dilute to a volume of 350 ml. with 
water, warm and pass HsS for 30 minutes. Allow' to stand in a warm place for 
2 hours and again pass H2S. Filter and wash. Reserve the filtrate (Filtrate 
No. 1). 

Throw* the paper containing the precipitate back into the original beaker, 
add 10 ml. of HNO3 (sp.gr. 1.42) and 10 ml. of II2SO4 (sp.gr. 1.84) and eva- 
porate to fumes of SO3. Clear up any discoloration due to carbonizing of the 
paper by adding a few' drops of HNO3 (sp.gr. 1.42) to the hot solution. Cool, 
add o ml. of w’ater, bring to boiling, cool, allow to stand an hour or so, filter and 
w'ash with cold H2S04 (1 : 9). Discard the residue. 

To the filtrate add 5 ml. of HNO3 (sp.gr. 1.42), dilute to a volume of 150 ml 
w*ith W’ater and electrolyze for the removal of copper as described in “ A.'' 
Remove and wash the electrodes, combine electrolyte and washings in a 600-ml. 
beaker and evaporate to fumes of SOs. Cool, add 7 g. of Na2S04, dilute to a 
volume of 300 ml. with w*ater, warm and pass II 2S as before. Allow to stand 
as before. Again pass H2S for 30 minutes, filter and w'ash witli H2S water. 
Reserve the filtrate (Filtrate No. 2). 

Dissolve the precipitate by pouring 10 ml. of hot HNO3 (1:1) through the 
paper, w*ash with hot water, add 5 ml. of H2SO4 (.sp.gr. 1.84) and evaporate to 
strong fumes of SO3. Cool, add a few ml. of water and again evaporate to 
fumes. Repeat the treatment with water and subsequent fuming to remove the 
last traces of nitric acid. Finally cool, take up with .50 ml. of water, bring to 
boiling, cool, neutralize with NH4OH (1 : 2) and then make acid with H2SO4 
(1:9) having 3 ml. in excess. Dilute to a volume, of 100 ml. with water and 
electrolyze over night using a current of 0.5 amperes. Remove the cathode, 
rinse in water and then in 95% alcohol, dry at 110® C. for 10 minutes, cool and 
weigh as Cd. Run in duplicate. 

Combine the reserved filtrates No. 1 and No. 2, boil to expel H28, oxidize 
the iron present by adding 10 ml. of H2O2 to the boiling solution, continue 
boiling to expel H2O2, cool and add a slight excess of a saturated solution of 
KMnOi to insure removal of the H2O2. Pass through a Jones redactor and 
titrate with N/20 KMn04 solution for iron. Run a blank through the reductor 
and correct for same. Run in duplicate. 

Note, — Weigh out small pieces of metal. Sawings, drillings or filings are likely to 
be contaminated with iron from the tool used to take the sample. 


D. DETERMINATION OF LEAD AND TIN 

Solutions Required. Lead Acid , — See " Determination of Lead as Sul- 
fate, Analysis of Manganese Bronze." 
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Ferric Chloride Solution. — Dissolve 25 g. of FeCL-GHaO in 100 ml, of 
water and 10 ml. of HCl (sp.gr. 1.18) ; dilute to 500 ml. with water and mix. 

Method. — Weigh 75-100 g. of sample into a 400-ml. Upless beaker, add 100 
ml. of water and sufficient HNOj (sp.gr. 1.42) to affect solution. Avoid having 
a large excess of acid. Add the acid in 10 ml. doses allowing acid present to 
react with the alloy until it is almost spent before adding a subsequent dose. 
Heating the solution after the first violent reaction subsides accelerates solution 
of the alloy and hastens neutralization of the acid. If the above procedure is 
carried out properly complete solution of the alloy may be attained without 
having more than 10-15 ml. of free acid present. Finally cool, add 20 ml. of 
HNOa (sp.gr. 1.42), dilute to a volume of 300 ml. with water and electrolyze 
over night with a current of 1.0 ampere using a spiral anode and a cylindrical 
cathode. (See Method A.^') Transfer the cathode to a clean beaker and 
hold in reserve. Rinse the anode in water and then in 95% ethyl alcohol, dry 
at 110° C. for 10 minutes, cool and weigh as Pb02. Multiply by 0.8643 for 
lead. (Reserve the water washings.) (To insure complete precipitation 
of the lead combine electrolyte and washings, add 10-15 ml. of HNOa 
(sp. gr. 1.42 and again electrolyze.) Dissolve the deposit of Pb02 into 
a 200-ml. lipless beaker, with 10 ml. of HNO3 (sp.gr. 1,42) and a few ml. of 
H2OZ, add 50 ml. of lead acid and evaporate to fumes of SO3. Cool, 
dilute to a volume of 50 ml. with water, bring to boiling, cool and allow to stand 
several hours. Filter and wash with lead acid. Dissolve the PbS04 with 
about 30 ml. of hot ammonium acetate solution containing 2 ml. of free acetic 
acid for each 100 ml. of solution, dilute to a volume of 150 ml., bring to boiling 
and add 5 ml. of a saturated solution of KzCrsOr- Allow to stand in a warm 
place several hours, filter on a prepared Gooch crucible, wash with hot water 
and finally with 95% ethyl alcohol. Dry at 105*" C. for one hour, cool and 
weigh as PbCr04. Multiply by 0.6375 for lead. Run in duplicate. 

After removing the lead, combine electrolyte and washings. Filter and 
wash with a hot solution of HNO3 (1 : 49). Reserve the residue (Residue 
No. 1). Neutralize the filtrate with NH4OH (sp.gr. 0.9) and make acid with 
HCl (sp.gr. 1.18) having 5 ml. of free HCl for every 100 ml. of volume. Cool 
and pass H2S. Filter and wash with dilute HCl (1 : 49) through which H2S 
has been passed. Discard the filtrate. If an appreciable amount of zinc has 
been precipitated as a sulfide throw the paper (and precipitate) back into the 
original beaker, add 10 ml. of HNO3 (sp.gr. 1.42) and 10 ml. of H2SO4 (sp.gr. 
1.84) and evaporate to fumes. Destroy organic matter by adding HNO3 
(sp.gr. 1.42) to the hot solution. Cool, add 100 ml. of water, bring to boiling to 
dissolve salts, neutralize with NH4OH, acidify with HCl as above and make a 
second precipitation with H2S. Filter and wash. Reserve the residue (Residue 
No. 2). 

Dissolve the deposit of copper from the cathode held in reserve with the 
least quantity of HNOa (sp.gr. 1.42), transfer to a 600-ml. beaker, add 10 ml, 
of ferric chloride solution, make slightly alkaline with NH4OH (sp.gr. 0.9), 
dilute to a volume of 300 ml. with water, bring to boiling and allow to stand a 
half hour or so in a warm place. Filter and wash with hot water. If the 
precipitate retains copper, dissolve the Fe(OH)3 into the beaker the filtration 
was made from with 20 ml. of hot HCl (1 : 1) ; wash with hot water. Make a 
second separation of iron with NILOH and filter through the same paper. 
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Should the precipitate still hold copper, make a third separation. When 
finally the precipitate of Fe(OH )3 is freed of copper, transfer it, together with 
the two residues held in reserve, to a 300-inl, cone flask, add 10 ml. of HNO3 
(sp.gr. 1.42) and 20 ml. of HaSO^ (sp.gr. 1.84) and evaporate to fumes. De- 
stroy any organic discoloration with HNO 3 (sp.gr. 1.42). When the solution 
shows no discoloration even upon strong fuming cool, add a few ml. of water and 
fume apin. Repeat with the addition of water and subsequent fuming two or 
three times to rid the solution of the last traces of nitric acid. Finally cool, 
add 100 ml, of water and 20 ml. of IICl (sp.gr. 1.18), reduce with iron, and 
proceed as described in “ Determination of Tin in Battery Plate Metal.^’ 
Titrate with approximately N /20 KMn 04 solution. Carry along a blank and 
correct for same. Run in duplicate. 

Note.— In general, the PbOj results come high. Report the lead figure obtained 
by the gravimetric method. 


E. DETERMINATION OF MANGANESE 

Solutions Required. — See “ Determination of Manganese by the Persulfate 
Method, Analysis of Manganese Bronze.” 

Method.— Weigh 10 g. of the drillings into a 4(>0-ml. beaker, add 80 ml. of 
the “ solution for dissohing ” and w'arm until completely in solution. Transfer 
to a 125-ml. graduated flask, cool to room temjMjrature, make up to the mark 
with water, mix thoroughly and measure off 50 ml. of the solution into a 300-ml. 
Erlenmeyer flask. Boil until the oxides of nitrogen are expelled, dilute to 
100 ml. with boiling hot water, add 20 ml. of AgNOa solution and 30 ml. of 
(NIDjSoOs solution and let stand over a hole on the steam bath until a full 
permanganate color ha.^ developed. Cool to below 25° C. and immediately 
titrate wdth standard arsenite solution to the disappearance of the pink color. 
Run in duplicate. 

Notes.— 1. One g. of the metal requires 2.75 ml. of the “solution for dissolving'* 
for solution, 

2. Should the aliquoted portion contain more than 0.0015 g. of Mn, a precipitate of 
hydrated MnOj will form. In that case, measure off a smaller pcjrlion, add sufficient 
“add mixture" to bring the acid mixture content up to 24 ml. and proceed as described 
above. 

3. If the solution is allowed to stand too long a time, the color will fade. Warming 
for 1.5 minutes should convert all the Mn to permanganic acid. 

4. Owing to the rigid specifications called for in this class of alloys and the tediousness 

of chemical analysis for impurities, especially tin, spectrograph ic methfxls are preferable. 
^ Method of Test for Quantitative Spectn>chemiral .\nalysLs of Zinc 

Alloy Die Castings for Minor Constituents and Impurities," 1935 Book of A S T M, 
Tentative Standards, p. 1488. 
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FUSIBLE METALS 

Fusible metals are mixtures of lead and tin to which has been added bis- 
muth, cadmium or both to lower the melting point. They may contain in 
addition small amounts of impurities, such as copper, arsenic, antimony, iron 
and zinc. 


ANALYSIS OF WOOD'S ALLOY 
(ALLOY OF LEAD, TIN, BISMUTH AND CADMIUM) 
Detekmination of Lead 

Method, — Proceed exactly as in “ Determination of Lead, Alloy of Lead, 
Copper, Antimony and Tin,” General Methods. 

Determination of Tin 

Method. — Weigh 1 g. of the sawings into a 300-mL cone flask, add 20 ml. 
of H2SO4 (sp.gr. 1.84) and heat on a hot plate until completely decomposed. 
Cool, add 100 ml. of cold water and 20 ml. of HCl (sp.gr. 1.2), reduce with iron 
and proceed as described in “ Determination of Tin in Battery Plate Metal.” 

Determination of Bismuth 

Reagents Required. Fusion Mixture * — Weigh 100 g. of Na2C03, 140 g. of 
K2CO3 and 100 g. of sulfur into a large porcelain mortar. Grind and mix 
thoroughly, transfer to a glass-stoppered bottle and reserve for use. 

KSH Wash Solution . — See “ Determination of Lead, Bismuth, etc. in Tin 
Base Bearing Metal.” 

Method, — Weigh 1 g. of the sawings into a 250-mL beaker, add about 10 ml, 
of water, heat, and add sufficient HNO3 (sp.gr. 1.42), a little at a time, until 
the alloy is decomposed. Evaporate to dryness, digest with 10 ml. of HNO3 
(sp.gr. 1.42), dilute to 50 ml, with water, bring to boiling and allow to stand, 
and settle for one hour keeping the temperature just below the boiling point. 
Filter, keeping the solution hot, through a small close-textured paper to which 
a little paper pulp has been added and wash with hot dilute HNO3 (1 : 49). 
Reserve the filtrate. 

Transfer the paper and precipitate to a small porcelain crucible, dry and 
ignite. Mix the residue with 4 g. of fusion mixture, cover with 4 g. of the fusion 
mixture and heat until in quiet fusion; heat 20 minutes longer. Cool, leach 
with as little water as possible, remove and wash the crucible. Combine 
washings with the main solution. The supernatant solution should be of a 
clear yellow color. Filter and wash with warm (not hot) KSH wash solution. 
(The filtrate may be used for the determination of antimony. See ” Deter- 
mination of Antimony.”) 

Dissolve the residue with 15 ml. of hot HNOs (1 : 2), wash with hot water, 
boil to a volume of 25 ml. and allow to stand for one hour keeping the tem- 
perature just below the boiling point. If an insoluble residue is present, filter on 
a small close-textured paper to which a little paper pulp has been added and 

“ Methods of National Lead Company Research Laboratories. 
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wash with hot dilute HNO3 (1 : 49 ). Discard the residue. Combine the fil- 
trate with the original filtrate from the H2Sn03 separation. 

Boil the combined filtrates down to a volume of 100 ml., make just 
neutral with NH4OH (1 : 3) as shown by a piece of litmus paper and then add 
5 ml. of HCl (1 : 9) in excess. Dilute to a volume of 400 ml. with boiling hot 
water and allow' to stand in a warm place for several hours. Filter and wash 
with hot w ater. Reserve the filtrate. 

Dissolve the precipitate from the filter with hot HCl (1 : 1) and wash 
alternately, first wdth hot water and then with hot HCl (1 : 1). Evaporate 
the solution dowm to a volume of about 1 ml., dilute to a volume of 400 ml. 
with boiling hot w'ater and allow- to stand as before. Filter on a weighed por- 
celain Gooch crucible and wash with hot w-ater. Transfer the filtrate to a clean 
beaker and reserve. Finally wash the precipitate on the Gooch once or twice 
with 95% alcohol, dry at 110° C. for 30 minutes, cool and weigh as BiOCl, 
Multiply by 0.8024 for bismuth. 

XoTES. — 1. During the solution of the alloy, lead nitrate may separate out and 
precipitated HjSnOj may coat undissol\-ed alloy and prevent further solution. In such 
a case, dilute with sufficient hot water to dissolve lead nitrate and detach the HjSnOj 
coating from undissolved alloy with a gloss rod. 

2. The fusion of the H 2 S 11 O 3 is best conducted by placing the small porcelain crucible 
inside a larger one. Cover both crucibles. Set the covers on the cmciblc.s in an inverted 
position, first breaking off the small ring handles of the covers before placing them on 
the crucibles. 

3. Start the fusion at a low- heat and gradually bring the temperature up. If 
started at too high a temperature the melt w-ill froth ov-cr the top. 

4. If the melt is leached with an excessive amount of w’ater, the sulfules, especially 
iron sulfide, will not separate but will remain in solution in a colloidal state. In such a 
case, evaporate to a volume of about -50 ml., add about 20 ml. of K.SH stock solution, 
stir, and allow to stand in a warm (not hot) place until the supernatant solution is of a 
clear yellow- color. The addition of a few- grams of XH 4 CI accomjmnied w'ith vigorous 
stirring will accelerate the precipitation of the colloidal sulfides. (Do not boil.) 

Determixatiox of Cadmium axd Copper 

Electrodes. — See “ Determination of Copper by the Electrolytic Method, 
Analysis of Manganese Bronze.’ ' 

Method. — Combine the two filtrates from the BiOCl separations, evaporate 
to a volume of about 40 ml., add 10 ml. of HjSO^ (1 ; 1), bring to boiling, cool, 
allow to stand 30 minutes or so, filter and wash with cold water. Discard the 
residue. Dilute the filtrate to a volume of 300 ml., wmrm and pa.s.s HjS for 
30 minutes, allow' to stand in a warm place an hour or .so and again pa.'^s H28 
for 15 minutes. Filter and w'ash two or three times with ILS water containing 
a little (XH4)i5i04. Throw the paper containing the precipitate back into the 
beaker the filtration w'a.s made from, add 10 ml. of HXOa (sp.gr. 1.42) and 5 
ml. of H28O4 and evaporate to fumes, taking the necc.ssary steps to remove 
carbonaceous matter. (See Determination of Lead, BLsmuth, etc. in Tin 
Base Bearing Metal.”) Cool, take up with a few ml. of water and fume. 
Again cool, take up with water and fume. Finally cool, dilute to a volume 
of 40 ml., bring to boiling, cool, allow to stand at least two hours, filter ami 
wash with cold dilute ILSO* (1 : 9). Discard the residue. Neutralize the 
filtrate with XH4OH (1 : 2) and then make acid with 3 ml. of HiSO* (I : 9) 
in excess, dilute to a volume of 150 ml. and electrolyze over night with a 
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current of 1.0 ampere, using a platinum spiral for anode and a platinum 
cylinder for cathode. Remove the cathode, rinse in water and in 95% alcohol, 
dry at 110® C. for 10 minutes, cool and weigh as cadmium plus copper. 

Dissolve the deposit from the cylinder with 5 ml. of HNO3 (sp.gr. 1,42) 
and wash the electrode free from cadmium with water. Combine the elec- 
trolyte and washings and evaporate to a small volume. Wash into a small 
porcelain crucible and evaporate to dryness. Take up with 1 ml. of HNO3 
(1 : 1) and proceed as in “ Determination of Copper in Solder.'' 

Having determined the amount of copper present deduct from the weight 
of copper plus cadmium. The difference is cadmium. 

Note. — Do not lose any of the electrolyte in removing the cathode. 


Determination of Antimony 

(a) General Method. — Dissolve 5 g. of the sawings in dilute HNO3 and 
proceed as in “ Determination of Bismuth " up to the point where the H2Sn03 
precipitate after fusion and leaching, has been filtered and washed. 

Warm the alkaline sulfide filtrate, add KCIO3, a little at a time, and HCl 
(sp.gr. 1.18) until the solution is strongly acid and the sulfur has been oxidized. 
The solution should be clear and distinctly yellow. Dilute to a volume of 
300 ml. with water and boil down to a volume of 200 ml. When the chlorine 
has been expelled, add 10 ml. of copper solution (2.0 g. of CuS04*5H20 dis- 
solved in 500 ml. of water), make slightly alkaline with NH4OH (sp.gr, 0.9), then 
just acid with a saturated solution of H2C2O4, add 12 g. of solid H2C2O4, dilute 
to a volume of 400 ml. and proceed as in “ Determination of Antimony, 
Analysis of Alloys of Lead, Copper, Antimony and Tin," General Methods. 

Note. — Care must be exercised in rendering the alkaline sulfide solution acid with 
HCl. If the acid is not added in small doses, especially when the solution is hot, the 
rapid evolution of H-S will make the solution froth over the top of the beaker. 

(b) Rapid Method. — Dissolve 5 g. of the sawings in dilute HNO3 and pro- 
ceed as in Determination of Bismuth " up to the point where the H2Sn03 has 
been filtered and washed. 

Transfer the paper containing the H2Sn03 and HSbOs to a 350-mI. Erlen- 
meyer flask and proceed as in Determination of Antimony, Analysis of 
Bronze Bearing Metal." 


Determinatin op Iron 

Proceed as in " Determination of Iron, Determination of Lead, Bismuth, etc. 
in Tin Base Bearing Metal." 


Determination op Zinc 
Proceed as in Determination of Zinc in Solder,' 
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Determination of Arsenic 

Proceed as in Determination of Arsenic, Analysis of Alloys of Lead, Tin, 
Antimony and Copper,” General Methods, 


SILVER ALLOYS 

ANALYSIS OF SILVER SOLDERS 
(ALLOY OF SILVER, COPPER, CADMIUM AND ZINC) “ 
Determination of Silver 

Solutions Required. Dilute HydrochloTic Acid Solution . — To 3 ml. of H Cl 
(sp.gr. 1.18) add 97 ml. of water. One milliliter of this solution should precipi- 
tate about 0.038 g. of silver. 

Method. — Weigh 1 g. of the sawings into a 250-mI. beaker, add 20 ml. of 
HNO3 (1 : 4), gently warm until solution is complete and, then boil to expel 
the oxides of nitrogen. Dilute to a volume of 17o ml., heat to boiling and add, 
drop by drop with constant stirring, sufficient dilute HCl solution to precipitate 
all the silver present. Avoid a large excess of the precipitant. Cool in a dark 
place. When the solution is cold and the precipitate has settled, test the clear 
solution with a drop of the dilute HCl solution to determine whether or not the 
precipitation is complete. Filter on a weighed porcelain Gooch crucible, and 
wash with cold dilute HNO3 (1 : 200) ; finally wash once with cold water. 
Reserve the filtrate. 

Place the Gooch crucible imside a porcelain crucible, dry and heat until the 
material begins to show signs of fusion. Cool and weigh as AgCl. Multiply 
by 0.7526 for Silver. 

Notes. — 1. If tin is present, as shown by a precipitate of metastannic acid when dis- 
solving in nitric acid, it should be filtered off a.s in ‘T>otermination of Tin,” before pro- 
ceeding with the determination of silver. (See nnte under ” Determination of Tin.”) 

2. If it is desired to determine the silver by a combination assay metlK>d, dissolve 
an amount of sample which will contain about 0,3 g. of silver in dilute HN<)j (1 :4b 

E recipitate the .silver a.s AgC’l, filter and w'ash and prfK;ecd as in “ .fVssay of Copper Bul- 
on’ in chapter under Fire Assay for Gold and Silver. 

Determination of Copper 

Method. — Transfer the filtrate from the AgCl separation to a 400-ml. 
beaker, add 5 ml. of HsSO^ (sp.gr. 1.84), evaporate to fumes of ILSOi, cool, 

The methods given under ^‘Analysis of Silver Solders” are A. S, T. M. method.**, 
excepting those for cadmium and zinc. See A. 8. T, M. Methods of Chemical Analysis 
of Metals, p. 193, December, I9:i6. 

* See Specifications of Silver Elders” 1936 Book of A. S. T. M. Standards, Part I, 
p. 691. 
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dilute with 50 ml. of water, bring to boiling, transfer to a 200-mI. lipless beaker, 
add 3 ml. of HNO3 (sp.gr. 1.42), cool, dilute to 150 ml, with water and proceed 
as in Determination of Copper, Analysis of Manganese Bronze.” 

Determination of Cadmium 

Method. — Transfer the electrolyte and washings to a 600-ml. beaker, 
evaporate to fumes of H2SO4, cool, add 7 g. of (NH4)2S04, dilute to a volume of 
300 ml., bring to boiling and make two separations of the cadmium from zinc 
with H2S. Dissolve the final precipitate with 10 ml. of HNO3 (1 : 1), add 
5 ml. of H2SO4 and evaporate to fumes of SO3. Proceed as outlined in De- 
termination of Cadmium and Iron, Analysis of Zinc Base Die Casting Alloy,’' 

Determination of Zinc ^ 

Solutions Required. Standard Potassium Ferrocyanide Solution — Dis- 
solve 21.7 g. of K4Fe(CN)6*3H20 in water, filter, dilute to 1000 ml. with water 
and mix. Standardize by weighing out 0.2 to 0.25 g. of pure zinc into a 400-ml. 
beaker, dissolve with 7 ml. of HCl (sp.gr. 1.18), dilute to 200 ml., add about 7 g. 
of NH4CI and titrate as in the Determination of Zinc ” in the sample. De- 
duct 0.2 ml. from the burette reading as a correction for end-point. Each 
milliliter should approximately equal 0.005 g. of zinc, 

Vranyl Nitrate Indicator , — Dissolve 5 g. of U02(N03)2-3H20 in 100 ml. of 
water. 

Method.2^ — Combine the two reserved filtrates from the cadmium sulfide 
separations with the electrolyte and washings, boil to expel dissolved gas, add 
5 ml. of HNO3 (sp.gr. 1.42) and evaporate to a volume of about 300 ml. 
Make slightly alkaline with NH4OH (sp.gr. 0.9), allow to stand for any iron 
present to settle out, filter and wash first with dilute NH4OH (1:4) and 
then with hot water. Dissolve the precipitate with a little hot HCl (1:1) 
and make a second separation of iron with NH4OH. Combine the two filtrates 
from the iron separations, neutralize with HCl (sp.gr. 1.18), make slightly 
alkaline with NH4OH (sp.gr. 0.9), and pass H2S for 15 minutes. While 
the H2S is passing, make slightly acid with 80% acetic acid and continue 
passing H2S for 15 minutes longer. Filter on a close-textured paper to 
which a little paper pulp has been added and wash two or three times with 
H2S water to which a little acetic acid has been added. Transfer the paper 
containing the precipitate to the beaker the filtration was made from, add 
20 ml. of HCl (1 : 2), open up the filter so that the precipitate will come in 
contact with the acid, and allow to stand in a warm place until the ZnS has 
completely dissolved. Dilute to a volume of 200 ml. with water, add about 7 g. 
of NH4CI, pass H2S for five minutes, heat to 80° C. and titrate with the standard 
K4Fe(CN) 6 solution until a drop of the solution added to a drop of the indicator 
on a spot plate gives a slight tinge of brown. Deduct 0.2 ml. and calculate to 
per cent of zinc. 

“See “Rapid Ferrocyanide Method for Determining Zinc in Ores” in chapter 
under Zinc. 

For the titration with ferrocyanide solution using an inside indicator see “Titration 
in Acid Solution— Separating of Zinc as Sulfide" in chapter under Zinc. 
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Notes. — 1. If the sample contains more than 25% of zinc, take such an aliquot 
portion as will not contain more than 0.25 g. It is advisable to aliquot before separating 
the zinc as a sulfide. 

2. If nickel and manganese are present separate the zinc as a sulfide in a formic acid 
solution see “Determination of Zinc, Analysis of Bronze Bearing Metal.” 

Determinatiox of Tin 

Method. — Dissolve a separate 5 g. sample with 100 ml. of HNO3 (1 : 4), 
boil to expel the oxides of nitrogen, dilute to a volume of 250 ml., bring to 
boiling and allow to stand for about one hour keeping the temperature just 
below the boiling point. Filter on double 7 cm. ashless papers, being careful 
to keep the solution hot during the filtration and wash with hot water. Re- 
serve the filtrate for the determination of lead. Transfer the paper and pre- 
cipitate to a weighed porcelain crucible, dry, ignite, cool and weigh as Sn02. 
Multiply by 0.7877 for Tin. 

Note. — Every precaution must be taken to avoid contamination by chlorides in 
order to prevent the precipitation of AgCl during the determination of tin. 

Determination of Lead 

Solutions Required. — See “ Determination of Lead as Sulfate, Analysis of 
Manganese Bronze.” 

Method. — Heat the filtrate from the HsSnOs separation to boiling and 
precipitate the silver as in “ Determination of Silver.” Filter on a closely- 
woven paper and wash with cold dilute HNO3 (1 ^ 200). Add 80 ml. of lead 
acid and evaporate to fumes of H2SO4. To insure complete removal of 
chlorides, cool, add a few' ml. of w'ater and fume again. Cool, add 70 ml. of 
w'ater, heat to boiling and proceed as in ‘‘ Determination of Lead as Sulfate, 
Analysis of Manganese Bronze.” 

Transfer the filtrate from the PbSOi separation to a clean V)caker before 
the final washing with alcohol and reserve for the determination of iron. 

Note. — In order to avoid “spitting” during the evaporation with lead acid it is 
suggested to heat over a burner holding the beaker w'ith a pair of tongs and twirling 
as the evaporation is carried on. 

Determix.^tion of Iron 

Solutions Required. — See Determination of Iron, Analysis of Manganr.se 

Bronze.” 

Method. — To the filtrate from the PbSO* separation add 3 ml. of HNO3 
(sp.gT. 1.42) and remove copper by electrolysis. Remove the electrodes, wash 
them with water, tran.sfer the electrolyte and washings to a 000- rnl. beaker, boil 
to expel dissolved ga.se8 and add 5 ml, of HNO3 (sp.gr. 1.42). Cool, add 5 g. of 
NH4CI and sufficient NH4OH (sp.gr. 0.9) to make the solution alkaline and to 
hold up the zinc, bring to boiling and allow to stand in a warm place an hour or 
80. Filter and wash with hot water. Dissolve the precipitate through the 
filter paper with hot dilute HCI (1 : 1) and make a second separation of iron 
with NH4OH. Combine the two filtrates and reserve for the determination 
of nickel. Dissolve the final precipitate through the paper with 100 ml. of 
dilute HjS 04 for reductor, add a few drops of a strong solution of KMnO^ until 



ANALYSIS OF NON-FERROUS ALLOYS 


1405 


a distinct color persists, bring to boiling, pass through the redactor and proceed 
as in “ Determination of Iron, Analysis of Manganese Bronze.” 

Determination op Nickel 

Solutions Required: Dimethylglyoxime Solution. — Dissolve 5 g. of di- 
methylglyoxime in 500 ml. of grain alcohol and filter before using. 

Method. — Evaporate the combined filtrates from the Fe(OH)3 separations 
to a volume of about 100 ml., make barely acid with HCl (sp. gr. 1.18), heat to 
boiling, add 5 ml. of dimethylglyoxime solution for each 0.1 g. or fraction of 
nickel present and proceed as in Determination of Nickel, Analysis of Bronze 
Bearing Metal.” 


HEAT RESISTING ALLOYS 

ANALYSIS OF NlCHROME^s 

(ALLOY OF NICKEL, CHROMIUM, IRON AND MANGANESE) 
Determination op Nickel 

Electrodes. — See “ Determination of Copper, Analysis of Manganese 
Bronze.” 

Solutions Required. Nitro- Hydrochloric Acid— Mix 10 ml. of HNO3 
(sp.gr. 1.42), 30 ml. of HCl (sp.gr. 1.18) and 40 ml. of water. 

Dilute Acetic Acid. — Mix 1 ml. of acetic acid (sp.gr. 1.04) and 3 ml. of water. 

Potassium Thiocarbonate. — Saturate 125 ml. of a 5% solution of KOH 
with H2S, add 125 ml. of KOH solution (5%) and 10 ml. of CS2 and heat 
moderately. Decant the dark red liquid from undissolved CS2 and preserve 
in a well closed flask. 

Sodium Dimethylglyoxime. — Dissolve 3 g. of dimethylglyoxime in 100 ml. 
of NaOH (3%), made fresh each time used. 

Method. — Weigh 1 g. of the alloy into a 600-ml., beaker dissolve in 20 ml. 
of nitro-hydrochloric acid, add 20 ml. of H2SO4 (1:1) and evaporate to fumes 
of H2SO4. Cool, add 100 ml. of water and allow the solution to digest at a low 
heat until all salts have dissolved. Filter on a small paper and wash with hot 
water. If an insoluble residue is present wash with dilute H2SO4 (1 : 99). 
Transfer the residue to a platinum crucible, dry, ignite at a low heat, add 2 ml. 
of HF and 2 drops of H2SO4 (sp.gr. 1.84), evaporate to dryness, heat over a low 
flame to expel free H2SO4, cool and fuse with a little Na2C03. Dissolve the 
melt in HCl, and add to the main nickel solution. 

Transfer the nickel solution to a 250-ml. graduated flask, make up to the 
mark with water at room temperature and mix. Draw off exactly 50 ml. into 

“ A. S. T. M. Methods of Chemical Analysis of Metals, p, 203, Dec. 1930, 
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a 600-ml. beaker, add 25 ml. of a 20% solution of tartaric acid (enough to hold 
all the iron and chromium in solution), make alkaline withNH40H and then 
make acid with 15 ml. of HCl (sp.gr. 1.18) in excess. Add 20 to 30 ml. of the 
sodium dimethylglyoxime solution, neutralize with NH4OH and then make just 
acid with the dilute acetic acid. Stir the solution vigorously and allow to stand 
at a temperature of from 75 to 90° C., with occasional stirring, for 30 minutes. 
Filter on a weighed Gooch crucible, wash with hot water, dry at 110° C. to 
constant weight, cool and weigh as nickel dimethylglyoxime. Multiply by 
0.2032 for nickel. 

If greater accuracyis desired, use a larger aliquot portion with proportionally 
larger amounts of reagents and filter the nickel dimethylglyoxime precipitate on 
a 15 cm. paper and wash 18 or 20 times with hot water. Dissolve the precipi- 
tate off the paper with boiling dilute HXO3 (1:3) and wash the filter thor- 
oughly with hot water. Add 10 ml. of dilute H2SO4 (1:1) and boil the liquid 
gently until strong fumes of SO3 are evolved. Cool, add 10 ml. of HNO3 
(sp.gr. 1.42) and repeat the evaporation. Rinse the cover and sides of beaker 
with a fine jet of water and fume the solution again to insure the expulsion of 
every trace of IIXOs. Cool, add approximately 50 ml. of cold water and boil 
the contents of the beaker for several minutes, which should result in a per- 
fectly clear solution. 

Make the solution alkaline -with 25 ml. of NH40H (sp.gr. 0.9) in excess, 
insert electrodes, and electrolyze with a current of from 1 to 2 amperes until 
the solution has become colorless. Continue the electrolysis for at least 15 
minutes longer, and then test the solution by adding 1 or 2 drops of it to a 
solution of potassium thiocarbonate. A pink color indicates the presence of 
nickel. Remove the cathode quickly, rinse it in water and then in absolute 
alcohol, dry for a few minutes at a temperature of 80 to 100° C., cool and 
weigh as metallic nickel. 

Note. — If an alcoholic solution of dimethylglyoxime was used to precipitate the 
nickel, the contents of the beaker should be digested at a temf)erature just short of the 
boiling point until the odor of alcohol can no longer l)e detect^ before filtering. 

Determ I xATiox of Chromium 

Solutions Required. Ferrous Ammonium Sulfate Solution, — Dis.soIve 
39.25 g. of FeS04(XH4)2vS04' 6H2O in water, add 20 ml. of II2SO4 (1 : 1), dilute 
to 1000 ml. and mix. 

Standard Potassium Permanganate Solution (0.1 N ). — For its preparation 
and standardization against Xa2C204 see “ Potassium Permanganate, Standard 
Solutions ” in chapter under Reagents. Each milliliter should equal 0.001734 
g. of chromium. 

Method. — Treat 1 g. of the sample in a covered 600-ml. beaker with 10 ml. 
of perchloric acid (60%). Heat to strong fumes of perchloric acid to aid in the 
solution of the alloy, and continue the heating for 3 or 4 minutes after the alloy 
has di.s.solved completely to insure oxidation of the larger part of the chromium 
to the sexivalent state. Add 100 ml. of hot water and heat to boiling for several 
minutes to expel chlorine. Remove from the plate and add 20 ml. of dilute 
H2S04 (1 : 1) and 5 ml. of HXO3 (sp.gr. 1.42). Dilute to 250 ml. with hot 
water, add 10 ml. of AgXOi (0.5%), 3 g. of ammonium persulfate and 5 or 6 
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drops of KMn04 solution (2.5%), Boil for 5 minutes or longer, add 20 ml. of 
NaCl solution (10%) and boil for 10 minutes after the permanganic acid or 
any MnOs formed has dissolved completely, in order to make sure that all 
chlorine has been expelled. Cool to room temperature and dilute with cold 
water to 400 ml. Treat with 2 ml. of H3PO4 (sp.gr. 1.72), add from a burette 
ferrous ammonium sulfate solution until the solution turns green and then 
add 5 ml. in excess, litrate this excess back with 0.1 N potassium per- 
manganate. 

In a clean flask, place 50 ml. of the ferrous ammonium sulfate, add 10 ml. 
of H2SO4 (1 : 1) and titrate with the standard KMnOi solution. From this 
titration calculate the number of ml. of KMn04 solution necessary to titrate 
the amount of ferrous ammonium sulfate solution added to the sample. The 
difference between the number of ml. of KMn04 solution calculated and the 
number used for the titration of the sample represents the chromium present 
and the percentage is found by multiplying this volume by 100 times the 
chromium titre of the KMn04 solution. 


Note. -The strength of the ferrous ammonium sulfate may change from day to day. 
Its strength in terms of KMnO* solution should be ascertained each time the determina- 
tion is made. 

Determination of Iron 

Solutions Required. Stannous Chloride Soluiioru — Dissolve 50 g, of 
SnCl2*2H20 in 100 ml. of HCl (sp.gr. 1.18) and dilute to 1000 ml. 

Standard Potassium Permanganate Solution . — See “ Determination of 
Chromium.’' Each milliliter equals 0.005584 g. of iron. 

Method. — For alloys containing 10% or more of iron, use a 1 g. sample, 
and for alloys containing 2% or less of iron, use a 3 g. sample. Treat the sample 
in a 500-ml. Erlenmeyer flask fitted with a Meyer bulb or trap with 20 to 50 ml, 
of perchloric acid (00%) at a temperature of 203® C. or higher until the alloy 
has dissolved completely, and continue the boiling of the acid for five minutes 
longer to aid in the complete oxidation of the chromium to the sexivalent state. 
The tall flask and bulb (or trap) are used to prevent the loss of FeCU by vola- 
tilization, which happens if a covered beaker is used. Add approximately 
200 ml. of hot water, an excess of about 10 ml. of NH4OH (sp.gr. 0.9) and 5 g. of 
ammonium persulfate. Boil for 5 minutes, filter and wash thoroughly with hot 
water. Dissolve the Fe(OH)3 in hot HCl (1 : 4) and repeat the precipitation 
with NH4OH and ammonium persulfate, and the filtration. Dissolve the 
Fe(OH)3 in the least possible amount (15 to 25 ml.) of boiling, dilute HCl 
(1:4) and wash the filtrate thoroughly with water. Heat to boiling, add 
stannous chloride solution slowly and with stirring to discharge the yellow color 
of the ferric chloride and to provide a few drops in excess. Finish the deter- 
mination by the Zimmerman-Reinhardt method.^® 

DETERMINATION OF MANGANESE 

Solutions Required. — See “ Determination of Chromium.’^ 

Method. — Decompose 1 g. of the sample with 20 ml. of perchloric acid 
(60%) exactly as outlined in the determination of chromium. Add 200 ml. of 
Blair, A. A., ‘‘ The Chemical Analysis of Iron,” 8th Ed., p. 248. 
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warm water, an excess of about 10 ml. of NH^OH (sp.gr. 0.9) and 5 g. of am- 
monium persulfate. Boil for 5 minutes, filter on two superimposed 11 cm. filter 
papers, supported on a Buchner funnel, gentle suction being employed. Wash 
the precipitate thoroughly with hot water. Dissolve the precipitate of Fe(OH)3 
and MnOn in 75 ml. of hot HNO3 (sp.gr. 1.135) and a few drops of H2SO3. 
Wash the filter thoroughly with hot water. Repeat the precipitation with 
KH4OH and ammonium persulfate, and the filtration. Dissolve the pre- 
cipitate in 50 ml. of hot HXO3 (sp.gr. 1.135) and a few drops of H2SO3, and 
wash the filter with HNO3 of the same strength. Tran.^fer to a 300-ml. Erlen- 
meyer flask and boil for several minutes to expel oxides of nitrogen. Treat 
cautiously with 0.5 g. of sodium bismuthate and heat to boiling for 1 or 2 
minutes. Clear with a sufficient excess of H0SO3 and boil for 2 or 3 minutes 
longer. Cool to 15° C., add 1 to 2 g. of sodium bismuthate, shake vigorously 
for 1 minute, dilute with an equal volume of cold water and filter at once on an 
ignited asbestos or alundum filter. Wash with cold HXO3 (3%). Add from a 
burette 20 to 25 ml. (depending on the amount of permanganic acid) of ferrous 
ammonium sulfate solution and titrate the excess with standard KMnOi 
solution. 

To ascertain the amount of manganese present proceed exactly as in “ De- 
termination of Chromium.” 

Determination of Caudon 

See “ Determination of Carbon by the Direct Combustion Method, Stand- 
ard Methods of Chemical Analy.sis of Plain Carbon Steel,” in the chapter under 
Iron and Steel. 

Determination of Insoluble Residue 

Method. — Treat 5 g. of the sample (if low in insoluble residue 10 g, should 
be taken) with from 200 to 400 ml. of HCl (sp.gr. 1.18) at a temperature of from 
60 to 70° C. until the reaction appears to be complete and then add 1 to 2 ml. 
of HXO3 (sp.gr. 1.42). Boil for 2 minute.s, dilute with an equal volume of hot 
water, filter and wash with hot dilute HCl (1 : 19). 

Ignite the residue at a low heat in a platinum crucible, treat with IIP and a 
few drops of H2S04 (1 : 1), and evaporate ju.st to fumes of fl2S04. If any 
residue remains, add 10 ml. of water, filter on a 9 cm. paper and wash with hot 
water. Ignite any residue remaining on the paper and weigh. Calculate to 
per cent of in.soluble. 

Accuracy. — In the case of an insoluble residue of 0,05%, duplicate deter- 
minations should check within ±0.02% insolulde residue. 

Determination of Silicon 

Method. — Treat a two to five factor weight sample (one factor weight 
equals 0.4672 g.) in a covered 300-mI, porcelain ca.sserole with 15 to 35 mi. of 
perchloric acid (60%) at a temperature of 203° C. (the boiling point of the acid) 
until the alloy has dissolved completely, and continue boiling for 10 minutes 
longer. Add 100 ml. of warm water, boil for several minutes and filter on an 
11 cm. paper of close texture. Wash six or eight tinie.s with hot water, once 
with H2SO3 (10%) to reduce any chromic acid held in the filter, and then thor- 
oughly with hot water. 
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Transfer the paper and precipitate to a small platinum crucible, dry, and 
ignite, at first at a dull red heat and finally at 1050 to 1 100° C. Cool and weigh. 
Add 2 drops of H2SO4 (1 : 1) and several ml. of HF and evaporate until all the 
HzS 04 has been expelled. Ignite the crucible again at 1050 to 1100° C., cool 
and weigh. 

The difference between the first and second weights multiplied by 100 and 
divided by the weight of sample taken gives the percentage of silicon in the 
sample. 

Determination of Sulfur 

See “ Determination of Sulfur by the Evolution-Titration Method, Standard 
Methods of Chemical Analysis of Plain Carbon SteeV’ in the chapter under 
Iron and Steel with the following modifications : 

1. Due to the length of time (30 minutes) required for solution of the alloy, 
closer observation is necessary than in the analysis of steel. 

2. During the solution of the sample, care must be exercised in order that 
absorbing solution is not drawn back into the flask. 

3. There is danger of contamination from rubber hose connections and 
rubber stoppers. 

4. The use of a gas flame is a possible source of soilfur contamination and 
an electric heater is recommended. 

Accuracy. — In the case of a sulfur content of 0.05%, duplicate determina- 
tions should check within ±0.003%. 


CORROSION RESISTING ALLOYS^^ 

ANALYSTS OF STELLITE 

(ALLOY OF COBALT, CHROMIUM AND MOLYBDENUM) 

Electrodes, — See “ Determination of Copper by the Electrolytic Method, 
Analysis of Manganese Bronze.” 

Determination of Cobalt 

Method. — Dissolve I g. of the sample in 30 ml. of HCI (sp.gr. 1.18) and 
30 ml. of HNO3 (sp.gr. 1.42). Evaporate to a volume of 20 ml., add 1(X) ml. 
of HNO3 (sp.gr. 1.42) and evaporate to dryness. Do not bake. Add 50 ml. 

5’’ See “Analysis of Stellite, Akrite and Similar Complex Alloys,” Chem. Abs., 23, 
5128 (1929). 

Johnson C. M., “Rapid Methods for the Chemical Analysis of Special Steels, 
Steel-Making Alloys, and Graphite,” p. 322, John Wiley and Sons, N. Y., 1914. 

“ For methods of separation and estimation of W, Mo, U, V, Ti, Zr, As, P and Cr, 
see “Analytical Methods for Certain Metals,” Department of the Interior, Bureau of 
Mines, BuU., 212, p. 18, 1923. 
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of HCl (sp.gr. 1.18), evaporate to a volume of 20 ml, transfer to a 1000-ml 
wash bottle flask and dilute to 200 ml. with water. Add Na202, a gram at a 
time, until a black precipitate forms and tends to settle, and then add 10 g. 
more of Na202 and 10 g. of NaaCOj. Bring to boiling, continue to boil for 
10 minutes, cool, filter on double 15 cm. papers and wash with water containing 
a little NaoOo. Dissolve the precipitate through the paper with 60 ml, of hot 
HCl (1 ; 1) into the original flask and make a second separation of cobalt and 
iron with Na202 and Na2C03. Repeat the peroxidations until the final filtrate 
is free of yellow color. Three peroxidations should suffice. Discard the fil- 
trates. Finally dissolve the precipitate with 60 ml. of hot HCl (1:1) into 
the original flask and wash with hot water. Transfer the papers to a porcelain 
crucible, dry, ignite, cool, add 5 ml. of HCl (sp.gr. 1.18) to dissolve the remaining 
residue and add to the main cobalt and iron solution. 

Transfer the combinell solutions from the flask to a GOO-ml. beaker and 
make a basic acetate separation of the iron. (See “ Separation of Manganese 
from Iron and Aluminum, Basic Acetate Method ” in chapter under Man- 
agnese.) Dissolve the precipitate with hot HCl (1:1) and make a second 
basic acetate separation. Combine the two filtrates and washings. Reserve 
the precipitate for the determination of iron. 

Boil the combined filtrates from the basic acetate separations down to a 
volume of 500 ml, make just alkaline with XILOH (1 : 1), pass H^S for about 
20 minutes and then while the H.S is passing, make slightly acid with acetic 
acid and continue passing H2S for 15 minutes longer. Filter but do not wash 
the precipitate. Wash the precipitate from the paper back into the beaker, 
unfold the filter and place it on the cover glass with the side of the filter that 
came in contact with precipitate exposed to view. Place cover glass and filter 
on the beaker, add to the contents of the beaker 30 ml of a mixture composed 
of equal parts of HXOa (sp.gr. 1.42) and HCl (sp.gr. 1.18) and heat on the hot 
plate until the acid fumes have dissolved from the filter any adhering CoS. 
Do not heat too long a time or the filter will disintegrate. Wash down the 
filter and cover glass. Discard the filter. 

To the solution add 10 ml of H2SO4 (sp.gr. 1.84) and evaporate to fumes of 
SO3. Cool, add 2 ml. of water and bring to fumes a second time to remove the 
last traces of HXO3 and HCl. Cool, add 100 ml. of water and boil to dissolve 
sails. Transfer the solution to a 600-ml beaker, cool, make alkaline with 60 
ml. of XH,OH (sp.gr. 0.0) in excess, dilute to a volume of about 400 ml and 
electrolyze over night with a current of 1.0 ampere. Remove the cathode; 
wash twice with water and once with 95% alcohol ; dry at 1 10° C., cool and 
w'eigh as metallic cobalt. 

Notes. — 1. When manganese is present, a solution containing 30 ml, of water and 
2 g. of Xa^Oj is added to the alkaline solution just before plating out the cobalt. 

2. If any nickel Ls present it will plate nut along with the cobalt. In that ca.se dis- 
solve both metals from the cylinder with HXOj (Hp,gr. 142) and determine the nickel 
by the glyoxime method. (See '‘Precipitation of N’ickel by Dimethylglyoximc” in 
chapter under Nickel,) Deduct for nickel. The difference i.s cobalt. 

3. John.son folds a small square of cheese cloth in with the filter at the apex to prevent 
the alkaline solution from tearing the filter when filtering after a peroxidation. 
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Determination op Iron 

Dissolve the precipitate obtained from the separation of the cobalt with 
hot HCl (1 ; 1), add NH^OH (sp.gr. 0.9) until a permanent precipitate forms, 
boil, allow to settle, filter and wash with dilute ammonia and hot water until all 
NHjCl is removed. Proceed as in “ Determination of Iron, Analysis of Man- 
ganese Bronze.’^ 

Note. — Run a blank on chemicals used. 

Determination of Chromium 

Solutions Required. Ferrous Ammonium Sulfate and Standard KMnOi, 
— See “ Determination of Chromium, Analysis of Nichrome.'^ 

Method. — Fuse 0.5 g. of the sample with 8 g. of Na202 in a 35-mI. nickel 
crucible. Keep the fusion molten for 5 minutes. Cool, place the crucible on 
its side, in a 375-ml. porcelain casserole, cover with a watch glass and cautiously 
add sufficient cold water to cover about half the crucible. When the melt is 
completely dissolved, remove the crucible and wash it with hot water. Com- 
bine the solution and washings, filter and wash thoroughly with water contain- 
ing a little Na202. Discard the residues if free from undecomposed alloy. 
(See “ Sodium Peroxide Fusion, Chrome Iron Ores in chapter under Chro- 
mium.) Boil the filtrate for 30 minutes to expel the excess of peroxide, make 
acid with 50 ml. of H2SO4 (1 ; 3) in excess, cool, dilute to a volume of about 500 
ml. with cold water, add a measured excess of ferrous ammonium sulfate solu- 
tion, more than sufficient to completely reduce the chromium and titrate back 
with the standard KMn04 solution. 

Proceed as in Determination of Chromium, Analysis of Nichrome.” 

Determination of Molybdenum 

Method. — Dissolve 0.5 g. of the sample in a 250-ml. beaker wdth 30 ml. of 
HCl (sp.gr. 1.18) and 30 ml. of HNO3 (sp.gr. 1.42), evaporate to a volume of 
20 ml., add 5 ml, of H2SO4 (sp.gr. 1.84) and evaporate to fumes of H2SO4. 
Cool, add 2 ml. of water and fume a second time. Cool, dilute to 50 ml, with 
water, bring to boiling to dissolve salts, filter and wash with hot water. Re- 
serve the filtrate. If the residue contains undissolved alloy, transfer to a 
porcelain crucible, dry, ignite at a low heat, cool, transfer to a small nickel 
crucible and fuse with 10 times its weight of a mixture of equal parts of Na202 
and Na2C03. Cool, leach with least amount of water, filter and wash. Dis- 
card the residue. Boil the filtrate 30 minutes to expel the excess of peroxide, 
make slightly acid with H2SO4 (1:1) and boil to expel CO2. Combine with 
the main filtrate. 

Bring the combined solutions to boiling and pass H2S for 15 minutes. The 
volume at this point should not exceed 175 ml. Transfer to a 250-ml. pressure 
flask, stopper and immerse in hot water for 45 minutes. Let stand over night. 
Filter on a 9-cm, filter and wash ivith cold dilute H2SO4 (1 : 50) through which 
H2S has been passed. Dissolve any adhering precipitate in the flask and on 
the tube used for passing the H2S gas with 10 ml. of hot HNO3 (sp.gr. 1.42), 
wash into a 250-ml. beaker, add the filter paper containing the precipitate, then 
add 5 ml. of H2SO4 (sp.gr. 1.84) and evaporate to fumes of H2SO4, taking the 



1412 


ANALYSIS OF NON-FERROUS ALLOYS 


necessary steps to remove carbonaceous matter and the last traces of nitric 
acid. (See Determination of Lead, Bismuth, etc. in Tin Base Bearing 
Metal.^’) Cool, add 75 ml. of water and boil to a clear solution. Partially 
reduce the molybdenum with 5 g. of granulated zinc and proceed as in 
“ Determination of Molybdenum in Wulfenite or Molybdenite ” in chapter 
under ^Molybdenum. 

DETERMINATION OF MANGANESE” 

Solutions Required. Ferrous Ammonium Sulfate and 0.1 N KMnO^ 
Solution . — See Determination of Chromium, Analysis of Nichrome.” (Each 
milliliter of 0.1 N KMn04 equals 0.0027465 g. of manganese.) 

Method. — Weigh 2 g. of the sample into a 600-ml. beaker, add 30 ml. of 
HCl (sp.gr. 1.18) and 30 ml. of HNO3 (sp.gr. 1.42) and heat until dissolved. 
If the residue remaining contains undissolved alloy, dilute, filter and wash. 
Transfer the residue to a porcelain crucible, dry, ignite at a low heat, cool, 
transfer to a small pure iron crucible, fuse with 10 times its weight of Na202f 
cool, leach with least amount of water, remove and wash the crucible, make the 
solution acid with HNO3 (sp.gr. 1.42) and boil to expel HaOj. Combine this 
recovered portion with the main filtrate and evaporate the coml)ined solutions 
to a syrupy consistency. Take up with 50 ml. of HNO3 (sp.gr. 1.42), evaporate 
as before, add 100 ml. of HNO3 and boil down to a volume of 80 ml. Add 3 g. 
of KClOj in portions of 0.5 g. each and boil at least 5 minutes after the last 
addition of the KCIO3. Add 100 ml. of water, filter through a thin asbestos pad 
with suction and wash thoroughly with dilute HNOs (1 : 200). Transfer the 
pad and precipitate to the original beaker being sure to recover any precipitate 
adhering to the funnel. 

Now add 100 ml, of water, 50 ml. of II3SO4 (1 : 3) and a measured amount 
of ferrous ammonium sulfate solution, slightly more than sufficient to di.-^.solve 
the MnOj (about 20 ml. should suffice). When the Mn02 is completely dis- 
solved, titrate the excess of ferrous ammonium sulfate solution with the stand- 
ard KMn04 solution. 

Ascertain as in “ Determination of Chromium, Analysis of Nichrome ” the 
number of milliliters of standard KMn04 solution that would be required to 
titrate an amount of ferrous ammonium .sulfate solution eciual to that added to 
dissolve the Mn02. The difference between the number of milliliters of KMnO^ 
solution calculated and the number used for the titration of the sample repre- 
sents the manganese jjresent and the percentage is found by multiplying this 
volume by 50 times the manganese litre of the KMnOi .solution. 


DETERMINATION OF SILICON 

Method. — Proceed as in Determination of .Silicon, Analysis of Nichrome.” 

“See “ Ford- Williams Meth^xl for Manganese” in chapter under Manganese: ol.s), 
Proc. A. S. T, M., Part I, p. 598, 19^. 
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tentative methods of chemical analysis of pig lead. 
A. S. T. M. METHOD 

Serial Designation: B 35-36T 


A. DETERMINATION OF SILVER 


Weigh 100 g. of the sample into a 3-in. scorifier and heat in a muffle furnace 
until the assay “ covers.” Pour into an iron mold and allow to cool. Free the 
resulting lead button from PbO, scorify again and pour as before. The button 
last obtained should not weigh over 20 g. and can be cupelled directly. Weigh 
the silver button obtained upon an assay balance. 

Note, — If the amount of silver is large, the button should be eiiamined for gold, in the 
usual manner, 

B. DETERMINATION OF BISMUTH 


Solutions Required. Sodium Carbonate , — Dissolve 100 g. Na 2 C 03 in a 
liter of distilled water. 

Ammonium Carbonate , — Make a half saturated solution. 

Alkaline Sulfide Wash Sofuiion.— Dissolve 200 g. of KOH in a liter of 
distilled %vater and mix one part of this solution with 4 parts of HaS water. 

Method, (a) Determination for Ordinary Amounts of Bismuth.— Dissolve 
20 g. of the sample in a 400-inl. beaker with 100 ml. of HNO3 (1 : 4), with the 
aid of heat. When solution is complete, add dilute ammonia (1 r 2) with 
constant stirring, drop by drop from a burette, until a faint opalescence appears. 
If an actual precipitate is formed, redissolve by the addition of a small amount 
of HNOs (1:4) and repeat the addition of ammonia. Now add 5 ml. of HCl 
(1 : 9), fill the beaker with hot water, bring to boiling, and allow to stand on a 
steam bath for two hours. The assay, while standing, must not reach the 
boiling temperature. Filter through a 7-cm. paper. Transfer the precipitate 
completely to the paper by means of a ‘‘ policeman ” and wash twice with 
hot water. Carefully examine the filtrate, washings, and any decanted liquid 
and reject if clear. Dissolve the precipitate by dropping around the edges, 
from a 5-ml. pipette, 5 ml. of boiling HCl (1 : 9), receiving the solution in the 
original beaker. Wash the paper thoroughly with hot water, fill the beaker 
with water, bring to boiling, and allow to stand as before. Filter the bismuth 
oxychloride upon a weighed Gooch crucible, wash thoroughly with water, once 
with alcohol, once with ether, and dry upon the hot plate. Cool and weigh. 


NOTE.—If time permits it is convenient to allow the assay to stand oyer night. In 
that case, the precipitate of bismuth oxychloride generally settles so completely that the 
clear supernatant solution can be decanted. 


This method is reproduced through the courtesy of the American Society for 
Testing Materials, 3^ S. Broad St. Philadelphia, Pa. 1 u 

^ ^ese methods are issued under the fixed designation B 35 1 the niml number indi- 
cates the year of original adoption as standard or, in the case of reyisk^ the year of 
last revision. Issued as Tentative, 1919; Adopted, 1920; Revised, 1^24; Reverted 
Tentative, 1936. See A. S, T. M. Methods of Chemical Analysis of Metals, p. 174, 
December, 1936. 
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(6) DeteTminaiion for Amounts of Bismuth Smaller than Can be Deter- 
mined (a). — Dissolve 100 g. of the sample in 500 ml. of dilute HNO3 (1 : 4). 
When solution is complete, allow to cool and add NajCOj solution little by 
little until a slight permanent precipitate has formed. Then add 50 ml. of 
the XaaCOs solution, bring to boiling, allow to stand warm until the super- 
natant liquor is clear again, filter and reject the filtrate. Dissolve the pre- 
cipitate without washing by slowly pouring hot HNO3 (1 : 4) around the edges 
of the filter paper, using no more acid than necessary. Wash the paper once 
with hot water and determine bismuth in the filtrate as described in (a). 

Note. — IMien the sample contains a small amount of bismuth, it is often difficult to 
ascertain when the correct amount of ammonia has been added to the nitrate solution. 
In this case, place a small piece of litmus paper in the solution, and add the ammonia very 
gradually until the litmus paper indicates a neutral reaction. 

(c) Determination of Bismuth in Samples Containing Appreciable Amounts 
of Tin and Antimony. — Use a piece of litmus paper as in Note under (6), and 
after the first precipitation of bismuth oxychloride has been filtered off and 
washed (see (a)) proceed as follows: Dissolve the bismuth by dropping around 
the edges of the paper 10 ml. of boiling HCl (1 : 2), receiving the solution in 
the original beaker. Discard the paper after washing. Dilute the solution 
to about 200 ml. with fresh HsS water and then pass H2S gas through the hot 
solution for 15 minutes. Filter and wash with hot water. Remove any tin 
or antimony present by washing three times with alkaline sulfide wash solution. 
Wash the precipitate again with hot water, place it, together with the filter 
paper, in a 100-mI. beaker, add 20 ml. of HNO3 (1 : 4), boil until sulfides are 
completely dissolved and the paper well pulped. Filter the solution, receiving 
the filtrate in the original beaker, and wash well. Determine bismuth in the 
original beaker, and wash well. Determine bismuth in the filtrate as in (a). 

Notes. — \\‘hen the sample contains comparatively large amounts of tin or antimony, 
the residue left after the solution of the lead in the nitric acid obscures the opalesc'ence 
found upon the addition of ammonia. 

If the original sample contains more than 0,25 jMjr cent of bismuth, it is preferable 
to use only a 10-g. charge. 

C. DETERMINATION OF ARSENIC 

Method. — Dissolve 111.11 g. of the sample in 5-50 ml. of HNO3 (1 : 4). 
When .solution i.s complete wa.sh into a graduated liter fia.sk, add 75 ml. of 
HjSOi (1 : 1), cool, and make up to the mark with water. Transfer to a large 
beaker, rin.sing nut the flask with 2.5 ml. of water. Mix thoroughly, allow to 
settle and filter off 900 ml., equivalent to a 100-g. charge. Evaporate in a large 
porcelain dish until only enough 112804 is left to moisten the residue. When 
cool, wash into a small distilling flask with 60 ml. of HCl (sp.gr. 1.18) and 20 
ml. of water, cleaning the dish carefully. Add 10 g. of fcrrou.s sulfate and distill, 
boiling to as small a volume as possible. When cool add 50 ml. more of IlCl 
(sp.gr. 1.18) and redistill. Pa.ss H2»S gas through the cold distillate for 45 
minutes. Filter, and weigh the AsjSa on a Gooch crucible, washing with cold 
water, alcohol and CSz. After drying and weighing, redissnlve with (NH4) jCOs 
solution and reweigh the Gooch crucible, calculating the lo.ss in weight to arsenic. 

Note. — The 25 ml. of water added is equivalent to the volume of precipitated lead 
sulfate. 
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Z>. DETERMINATION OF REMAINING METALS 

Solutions Required, Tartaric Acid . — Dissolve 50 g. of tartaric acid in 
250 ml. of distilled water to which has been added 250 ml. HCl (sp.gr. 1.18), 

Method. — Dissolve 222.23 g. of the sample in 1100 ml. of HNO3 (1 : 4), 
using a 1300-mL beaker. When solution is complete examine for color and 
turbidity. If clear, wash the solution at once into a 2000-inl. graduated flask. 
In case of a residue (Note 1), however, dilute to about 1100 ml. and allow to 
stand until the supernatant liquor is clear. Decant as much as possible into 
a 2000-ml. flask, filter the remainder and receive the filtrate in the same flask. 
Wash the precipitate well and then place it, together with the filter paper, in a 
lOO-ml. beaker and add 20 ml. of the tartaric acid mixture. Heat to boiling 
and when the paper is well pulped allow to digest warm for 30 minutes. Now 
add 50 ml. of hot water, filter and wash. (Note 2.) Carefully dry the residue 
and ignite. If any appreciable residue remains, brush it into a small silver 
dish containing 1 g. of molten KOH, Fuse for 5 minutes, and after cooling 
dissolve in as little hot water as possible and add to the above mentioned tartaric 
acid filtrate. Render this solution just alkaline with ammonia and then just 
acid with HCl, and saturate hot with IRS gas. After digesting for 30 minutes 
on the steam bath, pass H2S through the solution again for 15 minutes. Filter 
and wash with slightly acidified H2S water. Reject the filtrate. Wash the 
sulfides from the paper into the original beaker and add 5 ml. of KOH solution 
(1:5) for every 25 ml. volume present. Digest hot for 5 minutes and filter 
through the original paper into a small flask graduated to 110 ml. After wash- 
ing with H2S water containing a little of the KOH solution, cool the filtrate and 
make up to the mark. Mix and reserve 100 ml. as alkaline sulfide solution No. 
h The precipitate may be discarded. 

Add slowly to the main solution in the 2000-ml. flask 150 ml. of H2SO4 
(1 : 1). After cooling and filling up to the mark, pour into a clean 3-liter 
flask provided with a rubber stopper. Rinse the flask out with 50 ml. of water, 
which is equivalent to the volume of lead sulfate present and is added to the 
portion. After mixing thoroughly by shaking, allow the precipitate to settle 
and filter off 1800 ml. of the liquid. This is equivalent to a 200-g. charge. 
Place this in a No. 9 porcelain evaporating dish and evaporate, first over a free 
flame and later on the hot plate until only enough H2SO4 is left to moisten the 
residue remaining. Add 50 ml. of water and, after digesting warm for a short 
time, wash the solution into a 250-ml. beaker, cleaning the dish carefully. 
Allow the solution to digest on the steam bath for 4 or 5 hours. (Note 3.) 
Then filter, wash and evaporate the filtrate to 200 to 250 ml. Place any 
residue (Note 4), together with the filter paper, in a 100-ml. beaker and treat 
with 20 ml. of the tartaric acid mixture. Boil for 5 minutes, dilute with 50 ml. 
of hot water and filter. Make the filtrate alkaline with ammonia and just acid 
with HCl, and obtain the tin, antimony and arsenic as previously described, 
reserving the whole of the alkaline sulfide solution as solution No. 2. Reject 
the sulfide residue. 

To filtrate from the lead sulfate, add ammonia until the neutral point is 
reached, and then for every 50 ml. of the solution present add 2 ml. of HCl 
(sp.gr, 1.18). Pass H2S gas into the hot solution until saturated, digest for 
30 minutes on the steam bath and again pass H2S gas into the solution. Filter 
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and wash with H^S water slightly acidified. (Note 5.) Separate tin, antimony 
and arsenic in the precipitate with KOH solution as usual, obtaining an alkaline 
sulfide solution No. 3. (Note 6.) 

To sum up, three alkaline sulfide solutions have been obtained, containing 
tin, antimony and arsenic, a precipitate of metallic sulfides containing copper, 
lead, etc., and a solution containing iron, zinc, nickel, etc. 

Notes. — 1. A residue indicates the presence of antimony, tin, possibly arsenic, or 
sulfur as lead sulfate. 

2. It has been found that even this treatment occasionally fails to dissolve stannic 
acid completely. 

3. If it is preferred, allow the solution to stand over night to insure the complete 
solution of all soluble salts. 

4. Any residue of lead sulfate may contain some tin, antimony, or possibly arsenic. 

5. The filtrate will contain any iron, zinc, nickel, cobalt and manganese; while in 
the precipitate will be found any copper, cadmium, lead, silver, bismuth, tin, antimony 
and arsenic. 

6. WTien separating the sulfides of arsenic, antimony and tin from sulfides of copper, 
lead, etc., it is necessary to wash all the sulfides back into the beaker in which they were 
precipitated. These sulfides sometimes cling so tenaciously to the paper that in dis- 
lodging them more water than the 25 ml. specified is required. In this case allow the 
sulfides to settle and then decant the clear supernatant liquor through the filter until 
the volume is reduced to 25 ml. Before rejecting the decanted fluid always test with 
H 1:3 water. 

In washing sulfide precipitates with water, much trouble is experienced from the 
tendency of the precipitate to pass through the filter in the colloidal form. This is 
particularly true in washing sulfides that have been digested with KOH. Time and 
trouble will be saved by washing all the sulfides precipitated from mineral acid solutions 
with H 2 S water containing a little of the add in which they were precipitated. The same 
is true of sulfides precipitated in or filtered from an alkaline solution. 

W"hen working with alkaline solutions in which tin is to be determined, avoid the 
ase of Jena or other glass that contains zinc. The zinc content of the glass may influence 
the result. 


DETERMINATION OF ANTIMONY AND TIN 

Solutions Required. Potassium Iodide . — Dissolve 100 g. in a liter of dis- 
tilled water. 

Standard Sodium Thiosulfate . — Dissolve 24.8 g. of NajSiOa -51120 in 1000 
ml. of distilled water, and allow to stand for 24 hours. Standardize against 
Antimony Metal c.p., u.sing the same quantity of reagents and same procedure 
as under method. Each milliliter is equivalent to approximately 0.006 g. of 
antimony. 

Method. — Wash the alkaline sulfide solutions Nos. 1, 2, and 3 into a 600-ml. 
beaker, and acidify with 5 ml. of HNOj (sp.gr. 1.42) and 20 ml. of HCl (sp.gr. 
1.18). Evapfjrate the solution to dryne.s8 on the steam bath. To the resi- 
due add 200 ml. of water, 10 g. of oxalic acid and 10 g. of ammonium 
oxalate and heat the solution until it is clear. Then pass H 2 S gavS through the 
boiling solution for 45 minutes. Filter off the precipitate, consisting of arsenic 
and antimony sulfides, and wash with hot water. Determine tin electrolytically 
in the filtrate, continuing the electrolysis until all the oxalic acid is decomposed 
and the solution becomes alkaline. Dissolve the deposit on the cathode with 
a small amount of HCl and examine qualitatively for tin. 

Dissolve the sulfides of arsenic and antimony in KOH as usual, collecting 
the filtrate in a 500-m!. Erlenmeyer flask. Add 50 ml. of HCl (sp.gr. 1.18) 
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and boil the solution until about 30 ml. are left. Expel the arsenic as chloride. 
Now oxidize the solution with a pinch of KCIO3 and boil until no more chlorine 
remains. Cool and add 5 ml. of potassium iodide solution. Titrate the liber- 
ated iodine with 0.1 N sodium thiosulfate solution, using carbon disulfide as an 
indicator. 


DETERMINATION OF COPPER AND CADMIUM 

Solutions Required. Sodium Chloride {Solution No. i).— Dissolve 1 g. of 
NaCl in 100 ml. of distilled water. 

Sodium Chloride {Solution No. 2), — Dissolve 10 g. of NaCl in 100 ml. of 
distilled water. 

Standard Potassium Cyanide. — Dissolve 2 g. of KCN in a liter of distilled 
water and standardize against a known amount of copper as treated in the 
analysis. 

Sodium Carbonate {Solution No. 1). — Dissolve 50 g. of NaaCOa in 1 liter 
of distilled water. 

Sodium Carbonate {Solution No. 2). — Dissolve Na2C03 in distilled water to 
saturation. 

Method, (a) Determination Where Copper Exceeds 0.0025%. — Place the 
filter containing the sulfides in a 100-ml. beaker and add 20 ml. of HNO3 
(1 : 4). Heat with occasional stirring until the paper is thoroughly pulped 
and the sulfides are completely dissolved. Filter into a 250-nil. beaker. Dry 
the residue, which generally contains a small amount of copper, ignite in a 
porcelain crucible, boil with 5 ml. of HNO3 (1 : 1), and wash into the main 
portion, keeping the volume below 100 ml. Render it strongly alkaline with 
ammonia, and add 5 g. of potassium cyanide, then saturate it in the cold with 
H2S gas. (Note 1.) Filter the solution and evaporate the filtrate to a volume 
of 20 to 30 ml. in a 4-in. porcelain casserole. Boil until solution is complete. 
Add 20 ml. of H2SO4 (1:1) and evaporate the solution under a hood until dense 
fumes of H2SO4 escape. Cool, dilute, and warm until copper sulfate is all 
dissolved. Now filter, if necessary, into a 200-ml. beaker, render just alkaline 
with ammonia, make acid by the addition of 3 ml. of HNO3 per 100 ml. of 
solution, and electrolyze for copper. 

Dissolve the precipitate of sulfides in the usual manner with 20 ml. of HNO3 
(1 : 4). Add 1 ml. of NaCl solution No. 1 to the solution, still containing the 
pulped filter, and digest for 30 minutes. Filter off the AgCl, wash and reject. 
Make the filtrate, not exceeding 100 ml., alkaline with a slight excess of Na2C03 
and add 5 g. of KCN. Digest for 1 hour. Filter and wash with Na2COs 
solution No. 1. Reject the precipitate of bismuth. Now add a few milliliters 
of ammonium sulfide solution to the filtrate to precipitate any cadmium as 
yellow cadmium sulfide. Filter upon a weighed Gooch crucible and weigh as 
cadmium sulfide. (Note 2.) 

Notes. — 1. Copper remains in the solution, while lead, silver, bismuth and cadmium 
are precipitated. 

2. If an appreciable amount of cadmium sulfide is found, it should be converted 
to and weighed as cadmium sulfate, according to method for cadmium under “Deter- 
mination as Sulfate” in chapter under Cadmium. 

(b) Determination Where Copper is Less than 0.0025%. — Place the 
paper containing the sulfides in a porcelain crucible, dry carefully and ignite. 
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When the carbon has been all burned off, cool and dissolve the residue in 5 to 
10 ml. of HNOs (1 : 1). After evaporating to a volume of 1 to 2 ml. add 1 ml. 
of H2SO4 (1 : 1). Then evaporate the solution until fumes appear, cool, dilute, 
add a fe^Y drops of NaCI solution No. 2, and filter off the lead sulfate and silver 
chloride. Again evaporate the filtrate until fumes of H2SO4 appear, and when 
cold dilute and neutralize with NajCOa solution No. 2. Then add about 
six drops of concentrated ammonia and titrate the solution with standard KCN 
solution until the blue color is discharged. 

The cadmium can be obtained by making this solution, titrated for copper, 
strongly alkaline, diluting a little, and adding 5 g. of KCN. Saturate the 
solution cold with 11 >8 gas, filter, discard the filtrate and treat the precipitate 
for cadmium as described in Method (0). 


DETERMINATION OF IRON 

Method. — Evaporate the filtrate containing iron, zinc, etc., to 100 ml. and 
oxidize with a few drops of HNO3. Separate the iron with ammonia a.s usual, 
making two separations, and receive the filtrate in a 500-inI. Erlonmeyer flask. 
Redissolve the iron hydroxide with hot HCl (1 : 1) or dilute H2*S04 and deter- 
mine the iron volumetrically by any of the standard methods. 


DETERMINATION OF ZINC 

Solutions Required. Nitric Acid {1 ; 4). — Mix 200 ml. of IINOj (.s]).gr. 
1.42) with 800 ml. of distilled water. 

Sulfuric Acid (1 : i). — Carefully pour, with stirring, 500 ml, of HjSO^ 
(sp.gr. 1.84) into 500 ml. of distilled water. 

Acidulated Hydrogen Sulfide Water. — Add 20 ml. of IK'l (sp.gr, 1.18) to 
1000 ml. of distilled water and saturate with hydrogen sulfide. 

Ammonium Thiocyanate Solution (2%). — Dissolve 20 g. of XILCNS in 
1(X)0 ml. of di-stilled water. 

Hydrochloric Acid {1 : 3). — Mix 100 ml. of HCI (sp.gr. 1.18) and .‘100 m). 
of distilled water. 

Standard Zinc Solution (0.1 mg. of zinc per ml.) — Dissolve exactly 0.1 g. 
of U. S. Bureau of Standards pure zinc in 5 ml. of HCI (sp.gr. 1.18) and dilute 
to exactly 1000 ml. with distilled water. 

Potassium Ferrocyanide Solution.— Dkii(A\e 34.8 g. of K4Fo(CN)D*3fL() 
in 1000 ml. of distilled water. 

Method.— Dissolve 222.23 g, of the sample in 1100 ml. of USO 3 (I : 4), 
using a 130O-mI. beaker. When the lead is dissolved, tran.sfcr the solution to a 
2000-ml. graduated flask and add slowly 1.50 ml. of H2SO4 (1 : 1). Cool, fill 
the fla.sk to the mark and then pour the solution into a clean 3000-ml. fla.sk 
provided with a rubber stopper. Rinse the measuring flask with exactly .50 ml. 
of water, which is equivalent to the volume of lead sulfate which i.H prc.scnt. 
Mix the solution thoroughly by shaking, allow the precipitate to settle and filter 
through a dry filter until 1800 ml. of filtrate has been obtained. 
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Place exactly 1800 ml. of filtrate (equivalent to a 200-g. charge) in a No, 9 
porcelain evaporating dish and evaporate the solution to approximately 100 ml. 
Transfer the solution to a 600-ml. beaker, neutralize with ammonia, and then 
add 5 ml. of HCl (sp.gr. 1.18) for every 100 ml. of solution. Warm the solution 
and pass in a rapid current of hydrogen sulfide until it is saturated. Digest for 
30 minutes on the steam bath, add an equal volume of water and again saturate 
with hydrogen sulfide. Filter and wash with acidulated HaS water. 

Discard the precipitate and evaporate the filtrate in glassware containing no 
zinc until the volume of the solution is approximately 100 ml. 

Neutralize the solution with ammonium hydroxide, add 5 g. of citric acid, 
and warm until the acid is dissolved. Add small portions of calcium carbonate 
to the hot citric acid solution until about 1 g. of calcium citrate has separated 
and then pass in a rapid current of HgS as the solution is allowed to cool. 
Allow the solution to stand for from 2 to 4 hours, part of the time on a water 
bath, until the supernatant liquid is clear. 

Collect the precipitate on a filter, wash with a 2% solution of ammonium 
thiocyanate and then dissolve the precipitate in hot dilute hydrochloric acid 
(1 : 3). If the solution has a reddish color (due to iron) the zinc must be repre- 
cipitated as above. If the solution is clear, evaporate it to dryness on the 
steam bath, take up the residue in 3 ml. of HCl (sp.gr. 1.18), add 20 mi. of 
water and filter if not perfectly clear. 

Transfer the solution (Note 2) to a 100-ml. Nessler jar and dilute to 95 ml. 
Prepare other Nessler jars containing 3 ml. of HCl (sp.gr. 1.18) and definite 
volumes of standard zinc solution. Dilute to 95 ml. Add 5 ml. of potassium 
ferrocyanide solution to each jar, mix quickly, and compare the turbidities by 
viewing longitudinally as the jars are held over a sheet of fine print. Add more 
of the standard zinc solution from a burette to the jar which approximates the 
turbidity of the unknown most closely, until the turbidities match each other 
and calculate the percentage of zinc on the basis of a 200-g. sample or the 
aliquot portion taken. 

Notes. — 1. All glassware that contains zinc must be avoided and in umpire work a 
blank test should be carried along with the test. 

2. The whole solution can be used if the lead contains no more than 0.00025% of zinc. 
If more zinc is present it is best to take such an aliquot portion of the solution as will give 
approximately 0.5 mg. of zinc and then to add enough HCl to provide 3 ml. 

3. For further details concerning the turbidmetric test, consult the “Determination 
of Small Quantities of Zinc” by Mr. Bodansky, in the J. Ind. Enq. Chem. 13, dd. 696- 
697 (1921). 

4. The addition of calcium carbonate with the formation of a precipitate of calcium 
citrate serves the purpose of giving a clear filtrate, and prevents the loss of colloidal 
sulfide. 


DETERMINATION OF NICKEL AND COBALT 

Solutions Required : Hydrogen Sulfide Wash Water , — To each 100 ml. of 
hydrogen sulfide water add 20 ml. neutral ammonium acetate. 

Method . — Render the filtrate just alkaline with ammonia and saturate with 
HaS. Heat to boiling and then make just acid with acetic acid, add 20 ml. of 
neutral ammonium acetate solution, and boil until the sulfides of nickel and 
cobalt separate out. Filter and wa§h with warm HjS wash water. Dry the 
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precipitate and paper in a porcelain crucible and carefully ignite. If there is 
an appreciable amount of residue after ignition, dissolve by boiling with 10 ml. 
of aqua regia, wash into a 250-ml. beaker, add 10 ml. of H2SO4 (1 : 1), eva- 
porate until fumes appear, cool, dilute to 200 ml., make alkaline with ammonia, 
and add lo ml. of concentrated ammonia. Then electrolyze the solution and 
weigh the nickel and cobalt as such. 

Notes. — I f the amount of nickel and cobalt is small it can be weighed as oxide. 

If the filtrate from the nickel and cobalt sulfides shows a brown color, it indicates 
that the precipitation has not been complete. In this case render the solution am- 
moniacal and repeat the above process. 



ALLOYS, n 


THE CHEMICAL ANALYSIS OF IRON AND STEEL' 

INTRODUCTION 

The former division of the subject of steel analysis into the fields of plain 
carbon steels and alloy steels is no longer followed in the better treatises in this 
field. Due to the cooperation of the National Bureau of Standards and the 
various industrial laboratorievS and societies for the standardization of methods 
of testing, the referee methods in this field are now well standardized, and for 
this reason the subject of steels and ferroalloys is now covered by reproducing 
the methods of the American Society for Testing Materials. There are in- 
cluded in this chapter some selected methods for various elements, under the 
caption Other Methods (p. 1470). Those who desire a still fuller selection 
of methods should consult one of the more extended treatises in this field.^ 
The present selection should serve for all practical purposes. 


TENTATIVE METHODS OF CHEMICAL ANALYSIS OF STEEL, CAST 
IRON, OPEN-HEARTH IRON AND WROUGHT IRON* 

A. S. T. M. Designation: E 30-36 T * 

PREFACE 

The following methods have been compiled as standard procedures for use 
in referee analyses. These methods, however, are not intended to preclude 
the use of other methods (or apparatus) that give results within the permissible 
tolerances. In any case, the analyst should check the method and technique 

1 Methods from the literature; arranged by N. H. Furman. 

* Lundell, Hoffman and Bright, Chemical Analysis of Iron and Steel, J. Wiley & 
Sons, Inc., 1932. New York, C. M. Johnson, Chemical Analysis of Special Steels, 
John Wiley & Sons, Inc., New York, 1930. Methods of the Chemists of the U. S. Steel 
Corporation, published by the Carnegie Steel Co., Pittsburgh, Pa. W. W. Scott, 
Technical Methods of Metallurgical Analysis, D. Van Nostrand Co., New York, 1923. 
F. Ibbotson, The Chemical Analysis of Steel-Works Materials, Longmans Green & Co,, 
New York, 1920. 

® Under the standardization procedure of the Society, these methods are under the 
jurisdiction of the A. S. T. M. Committee E-3 on Chemical Analysis of Metals. Repro- 
duced with the permission of the American Society for Testing Materials, 260 S. Broad St. 
Philadelphia, Pa. 

* This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should 1^ addressed to the Headquarters of 
the Society, 260 S. Broad St., Philadelphia, Pa. Issued, 1936, Accepted for publication 
as tentative by Committee E-10 on Standards, August 26, 1936. 
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that is used by means of a National Bureau of Standards’ standard sample that 
has a composition comparable with that of the material under test. A list of 
these Standard Samples is given in the Bureau’s Supplement to Circular 398. 

Concentration of Acids. — Throughout these methods, the use of concen- 
trated acids is intended, unless otherwise specified. For example, hydrochloric 
acid, or HCl, refers to the concentrated acid (sp.gr. 1.18) as furnished by the 
manufacturers. Diluted acids will be designated as in the following example, 
** diluted HCl (2 : 98) ” will mean 2 volumes of the concentrated acid of sp.gr. 
1.18 diluted with 98 volumes of water. 

Water. — The term “ water ” as used in these methods refers only to distilled 
water. 

PRECAUTIONS 


Attention is directed to certain precautions to be observed in the use of the 
reagents employed in the analytical procedures described in these methods. 

Perchloric acid has become a valuable reagent in the analysis of ferrou.s 
alloys. While perchloric acid of 70% strength may be boiled with impunity 
at approximately 200® C,, it cannot be too strongly emphasized that contact 
of the boiling undiluted acid or hot vapor of perchloric acid with organic matter, 
or even easily oxidized inorganic matter sucli as compounds of trivalent 
antimony, will lead to serious explosions. If oxidizable substaiice.s are pre.sent, 
7iitric acid must ahrays be added as a precautionary measure before evaporating 
to fumes of perchloric acid. Do not use rubber thumb stalls around fuming 
perchloric acid. Handle with beaker tongs. Perchloric acid evaporations 
should be done in a hood with good draft. Hoods with wood frames in which 
a great deal of HClOi is fumed should be washed occasionally with water. 

Hydrofluoric acid burns are both painful and dangerous, as infection and 
necrosis of bone tissue may occur. If hydrofluoric acid has touched the skin 
wash immediately with plenty of water and soak the exposed part in a strong 
solution of borax. 

Nitric dio.xide vapors are cumulatively harmful to the respiratory .system 
60 solutions of metals in nitric acid should be made in a well-ventilated hood. 

Hydrogen sulfide is a dangerous poison which is fatal if inhaled in sufficient 
concentrations. Precipitations and filtrations involving this reagent should 
be done under the hood. 

SAMPLING 

(a) Rolled and Forged Steel Products. — DifTerent parts of a piece of steel 
vary in composition. For this reason, a sample from a single piece must l)e 
carefully selected if it is to be representative of that piece. If the analysis is 
to be representative of the melt, a number of re])re.scntative pieces should he 
sampled and analyzed separately. In any case, the .sample shall be so selectcfl 
as to be thoroughly repre.scntative, and large enough to suffice for all of the 
required determinations. 

It should be remembered that the compo.sition of the steel is changed by 
certain operation.s and that samples should Ijo taken from the steel in its original 
condition. 

Prepfirfiiion of Samples shall consist of drillings or chips cut l>y 

some machine tool without the application of water, oil, or other lubricant, 
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and shall be free from scale, surface metal, grease, dirt, or other foreign sub- 
stances. If the samples are taken by drilling, a drill not less than ^ nor more 
than % in. in diameter shall be used. Samples shall be uniform, thoroughly 
mixed, and free from dust. Chips too coarse to pass a No. 20 sieve are not 
recommended, nor shall long curly drillings which will not pack closely for the 
carbon determination be used. 

In referring samples to other analysts for check analyses, pieces of the 
original full-size section, when possible, should be submitted rather than 
cuttings, unless the latter are specifically requested. 

Location of Samples: Large Sections. — For large sections, including blooms, 
billets, slabs, rounds, squares, shapes, etc., samples shall be taken at any point 
midway between the outside and the center of the piece by drilling parallel to 
the axis. In cases where this is not practicable, the piece shall be drilled on the 
side, see Fig. 183 (&) and (c), but the drillings shall not be collected until they 
represent the portion midway between the outside and the center. The 
tension test specimen may be used for sampling if it conforms to the above 
conditions. 

Bored Forgings. — For bored forgings, samples shall be taken midway 
between the inner -and outer surface of the wall. 

Thin Material. — For thin material or material of small cross-section, such 
as plates, shapes, bars, etc., if the method described above for large sections 
is not applicable, the sample shall be taken by machining off the entire cross- 
section, or, if this is not possible, by drilling entirely through the material at a 
point midway between the outside and the center, See Fig. 183 (a). 

Sheets Rolled Longitudinally. — For sheets rolled from slabs or bars longi- 
tudinally, the specimen for sampling shall be cut 2 in. in width and across the 
full width of the sheet as rolled. The specimen shall be cleaned by pickling 
or grinding and then folded once or more by bringing the ends together and 
closing the bend. The sample for analysis shall be taken in the middle of this 
length by milling the inside sheared edges or drilling entirely through from the 
flat surface. Sampling by milling is preferable. For sheets of a light gage 
more than one specimen may be taken and stacked together before folding. 

Sheets Rolled Transversely . — For sheets rolled from slabs or bars transversely, 
the specimen shall be cut from the side of the sheet, half way between the middle 
and end as rolled, 2 in. in width and 18 in. in length. If the sheet is No. 20 



(a) (» 

Fig. 183. — Location of Samples for Check Analysis. 
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gage (24 oz. per aq. ft. or 0.037 in. in thickness) or lighter, the specimen shall 
be cut from the full length of the sheet as rolled. The specimen selected shall 
be cleaned by pickling or grinding and then folded once or more by bringing 
the ends together and closing the bend. The sample for analysis shall be taken 
in the middle of this length by milling the inside sheared edges or drilling en- 
tirely through from the flat surface. Sampling by milling is preferable. 

Sheets Xot of the Full Size^ Rolled . — Sheets cut from larger sheets and not 
of the full size rolled shall be sampled by milling or drilling the sheet in a 
sufficient number of places so that the sample is representative of the entire 
sheet. The sampling may be facilitated by folding the sheet both ways. 

(fe) Pig Iron. — In the absence of a special agreement between the manu- 
facturer and the purchaser, or whenever it is necessary to sample pig iron in the 
solid state, the sampling shall be carried out in the following manner: Not less 
than 3 pigs shall be taken to represent any lot or shipment and for lots of more 
than 30 tons one pig shall be taken for each 10 tons of iron. The pigs shall be 
selected by some means such as the knotted rope system, that eliminates the 
element of personal choice ; and 3 to 7 pigs taken in the order selected, shall 
constitute a unit sample. For boat or barge shipments arrangements between 
the seller and the. purchaser may be made, if desired, in regard to taking fewer 
pigs per ton. If for any reason it is desirable to fracture the pigs, they may be 
broken in two, and one portion of each of the original pigs reserved for the 
sample for analysis. Any loose sand or other deleterious matter on the reserved 
portions shall be removed, conveniently by brushing. 

The sample for analysis shall be collected after the proper discard, by drilling 
each pig or portion of pig with a properly sharpened and hardened, flat beaded, 
5^- or ^-in. highspeed tool-steel drill in a direction at right angles to the long 
axis of the pig and at such a feed as to form a minimum amount of fine drillings. 
The first drillings shall be discarded and only the drillings collected after the 
drill is cutting into clean metal shall be reser\"ed for the sample. The drilling 
shall extend to within in. of the opposite surface of the pig; and suitable 
precautions shall be taken to collect all the drillings, fine as well as coarse 
particles, and to avoid contamination of the sample in any way. Any pigs 
or portions of pigs found too hard to drill readily may be annealed by heating 
to a dark red color and cooling in air. 

The sample for analysis shall be composed of equal portions by weight of 
the drillings from the pigs forming the unit sample, and the weight of the 
combined sample shall not be less than 75 g. The drilling.s shall be thoroughly 
mixed, as by gently grinding in a suitable mortar until all pass the No. 20 
(840-micron) sieve. ^ Unless accurate determinations of combined and graphitic 
carbon are required, the sample shall be carefully divided into two or more 
portions by pouring in a cone-shaped pile on glazed paper and halving or 
quartering in the usual manner. Th^e portions, of which one shall be reserved 
for the manufacturer and one for the purchaser, shall be placed in a suitable 
container, fully labeled for identification, and dispatched to the laboratories 
without unnecessary delay and with full instructions as to the determinations 
required. 

•See Standard Specifications for Sieves for Testing Purposes (E 11-26), 1936 Book 
of A 8. T. M. Standards, Part II, p. 1413. Reproduced on pp. 1329-1333 of this Volume. 
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When combined and graphitic carbon must be determined with the highest 
degree of accuracy, equal portions by weight of the drillings from the pigs or 
parts of pigs representing a unit sample shall be mixed to form a sample of at 
least 100 g. which shall then be separated into coarse and fines by sieving as 
described under (c), the sampling of gray-iron castings. 

(c) Gray-Iron Castings. — In accordance with the Standard Specifications 
for Gray-Iron Castings (A. S. T. M. Designation: A 48) of the American 
Society for Testing Materials,® three test bars, 1.20 in. in diameter shall be cast 
in sand from each heat after one quarter and three quarters of the heat has been 
poured. 

One bar from each set having been broken, one end of each next to the 
fracture shall be thoroughly cleaned and the outer skin removed for a sufficient 
distance from the fracture and down to clean metal. Chips then shall be 
taken by means of a lathe or milling machine across the whole face of the bar 
until not less than 100 g. has been collected. The same amount shall be 
taken from each bar. The bar shall be so clamped as to permit the attach- 
ment or use of any suitable device for collecting every part of the sample and 
the machine shall be run slowly enough to reduce to a minimum the danger of 
loss of fine particles (avoid drafts). Horizontal drilling may also be employed. 

Preparation of Samples from Castings for Analysis . — The entire gross sample 
shall be weighed and then sifted on a No. 80 (177-micron), and if need be a No. 
120 (125-micron), tight-fitting sieve (with cover). Both sieves and cover must 
be tight-fitting to avoid loss of fine graphite by dusting. As an alternate pro- 
cedure (a) the drillings may be sifted through two sieves of such sizes that not 
under 10% nor more than 20% of the entire sample remains on the larger 
sieve, and not under 10% and not over 20% shall pass through the smaller 
sieve or (6) sieves may be used of such sizes that concordant results may be 
obtained. 

The two (or three) portions so obtained shall be separately weighed. Each 
one shall then be thoroughly mixed without any loss of material and divided 
by weight into two (or three) exactly equal portions, each of which shall be 
placed in a clean, glass-stoppered bottle or other suitable receptacle and 
appropriately labeled. Of the three sets of the subdivided sample, one shall 
be placed in a clean, glass-stoppered bottle or other suitable receptacle and 
appropriately labeled. Of the three sets of the subdivided sample, one shall 
be retained by the manufacturer, one sent to the purchaser and one held in 
reserve. 

Before weighing the sample for analysis, the contents of each bottle shall 
be thoroughly mixed. Carbon is determined on each of the sieved portions, 
and the carbon present in the original drillings is calculated from the ratio 
of the weights of the separate sieved fractions to the original iron. 

As a general rule, the very fine material is richest in carbon, the coarse 
material next, while the intermediate sizes are the poorest. For routine 
analyses, the aim should be to obtain the iron in as small particles as possible, 
as for example by milling. In such case, the samples for graphite and carbon 
may be taken by forming a cone, flattening it out, and taking small dabs with 

• 1936 Book of A. S. T. M. Standards, Part I, p. 457. 

^ See Standard Specifications for Sieves for Testing Purposes (E 11-26), 1936 Book of 
A. S. T. M. Standards, Part II, p. 1413. 
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a spatula from at least ten representative portions for each weighed portion. 
Less care is needed in taking portions for the determination of the other con- 
stituents ; grab samples from the container after gentle tumbling are satisfactory. 

(d) Malleable Iron. — Proceed as in the sampling of pig iron. 

(e) Wrought Iron. — As it is desirable that the sample represent the entire 
cros-s-section of the specimen, sampling by milling is preferable. Specimens 
.shall be freed from any mill scale by pickling, grinding, or other suitable means. 
It is necessary to secure all of the millings, for the various sized particles will 
differ in composition. For routine work, samples for carbon, manganese, 
phosphorus, sulfur, and silicon may be taken from the thoroughly mixed 
millings. For the determination of slag and oxides, or for umpire determina- 
tions of the other constituents, the entire sample shall be w'eighed and then 
sifted without dusting on a No. 35 (500-micron) sieve. The two fractions 
shall be weighed and in taking samples for analysis, portions of these two well- 
mixed fractions must be taken in the same proportion which they bear to the 
gross sample. 

TOTAL CARBON BY THE DIRECT-COMBUSTION METHOD 

The method of direct combustion of the metal in oxygen is recommended, 
the carbon dioxide obtained being absorbed in soda-asbestos with suitable 
purifying and protecting trains following the furnace. Owing to the diversity 
of apparatus by which correct re.su Its may be obtained in the determination of 
carbon, the recommendations are intended to indicate what is acceptable rather 
than to prescribe definitely what shall be used. 

Apparatus and Reagents. Combustion Apparatus . — Any combustion ap- 
paratus heated by electricity (preferably) or gas which will heat the sample to a 
temperature of 1000'' to HOC* C. may be used. Electric furnaces, heated by 
silicon carbide rods gi\'ing temperatures up to 1370° C. are very useful for 
determining carbon in refractory alloys. Combustion tubes may be of por- 
celain, sillimanite, clay, quartz or platinum and obviously must be gas tight. 
Quartz is liable to devitrification when used intermittently at temperatures 
above 1000° C,, and may then become porous. Tubes 30 in. in length with 
l3^-in. in.side diameter and drawn out at one end are convenient for the small 
Gooch crucibles of fused silica that arc used in the determination of graphite. 

Catalyzers , — Though materials such as ironizini asl)e.stoH, copper oxide, 
platinized quartz or asbesto.s, or platinum gauze are often put in the exit end 
of the combustion tube for the pur])ose of insuring complete combustion of 
carbon to the dioxide, it is questionable whether they are of any value, save 
as baffles for holding back iron oxide dust and sulfur trioxide, for they soon 
Ijecome fouled. When such baffles are used the fixed sulfur shall be burned 
out every 200 determination.s or oftener, by drawing the exit end of the com- 
bustion tube into the hot zone while a current of air or oxygen is passed through 
it. With high sulfur steels it i.s best to omit baffles in the exit end of tlie tube 
and insert a special sulfur dioxide absorber or purifier between the tube and 
the carbon dioxide absorber. 

Boats and Covers , — The boats and covers may be of porcelain, quartz, 
alundum, clay, platinum or nickel, and should preferably receive a lining oi 
granular alundum or any other material found to be suitable for the purpose. 
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Nickel boats shall not be made of sheet nickel containing more than 0.10% 
of carbon. Before use, new boats and covers shall always be preheated in 
oxygen until no more carbon dioxide is given off or until a constant blank is 
obtained. In order to prevent injury to the tube from spattering, a platinum 
or nickel cover open at both ends and allowing free access of oxygen is desirable. 

Material for Lining Boats, — “ RIl Alundum ” (AI2O3) alkali-free, specially 
prepared for carbon determinations, and 60-mesh or finer, is entirely satis- 
factory for the lining of boats. Ignited low-silica chrome ore, or “ Zirkite 
(natural oxide of zirconium) properly sized and freed from materials causing 
a blank may be employed. Ferric oxide has been recommended as permitting 
combustion at low (800® to 900° C.) temperatures but is not recommended for 
high temperatures. Quartz sand, owing to its liability to fuse or to slag with 
oxides of iron, causing bubbles of gas to be enclosed, is objectionable. 

Oxygen, — The purity of the oxygen shall be not less than 99.5%. Organic 
matter of any kind is an undesirable impurity. It is usually absent, and it 
suffices to pass the oxygen through an absorbent such as soda-asbestos followed 
by anhydrone. If carbonaceous matter is suspected, the oxygen shall be passed 
through a tube that is loosely packed with asbestos or copper oxide and heated 
to about 450® C. before it is passed through the soda-asbestos. 

Combustion of the Sample. Size of Particles of Sample, — The finer the 
chips (excluding dust, which causes low values on a hot boat), the better, except 
with alloys that burn too vigorously. Drillings or millings sized between 14 to 
60 mesh are satisfactory. 

Distribution of the Sample in the Boat— In general, the sample shall be 
packed in a small groove or furrow that has been made in the bedding material 
in the boat. If the material burns too rapidly, satisfactory regulation of the 
speed of combustion may sometimes be obtained by spreading the sample 
somewhat loosely over the bedding material or by covering with a thin layer 
of the bedding material 

Addition of Accelerators (0 the Sample.— Shot tin, pellets, is an 

excellent accelerator, one pellet being placed on each end of the layer of drillings. 
Millings of open-hearth iron, or other iron with 0.01 to 0.03% carbon are 
satisfactory aids in the combustion of large drillings and refractory alloys. 
Red lead, copper oxide, lead and powdered copper are also used. Red lead, 
unless previously ignited at 500° C. and kept in ground-glass stoppered bottles, 
will cause erratic blanks. 

Preheating of Sample. — If the sample is allowed to come to the temperature 
of the furnace before the oxygen is admitted, it usually bursts into a bright 
flame and burns completely. A period of ^ to 1^ min, of preh^ting suffices. 

Rate of Adding Oxygen.— The rate at which oxygen is admitted is also a 
factor in the velocity of combustion. Assuming the combustion apparatus has 
been heated to the temperature range above that recommended, it is possible, 
if the material is closely packed and if oxygen is admitted at too rapid a rate, 
that the combustion may be so violent as to cause excessive spattering of fused 
oxides and such fluidity of the molten slag that the boat or other container may 
be injured or destroyed. Sufficient oxygen, however, shall be run in to insure 
a cuTTcnt of gas through the absoTher at all stages of the contbustion. hen tin is 
employed as an accelerator, combustion is very rapid and it is therefore neces- 
sary to increase the flow of oxygen during combustion. When the sample has 
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burned (1 to 2 min.) the flow of oxygen may be reduced to a rate of 150 ml. 
per min. 

Purification of the Carbon Dioxide. — The purifiers that follow the combus- 
tion tube must remove finely divided oxides of iron, oxides of sulfur or selenium, 
dry the gases before they enter the weighed absorber, and protect the absorber 
from outside effects. Iron oxide is screened out during the passage of the gases 
through the liquids or columns of solids that precede the weighed absorber. 
The small amount of SO 2 that is given off from low-sulfur steels can be satis- 



A. Oxygen tank with needle or reducing valve. 

B. reheating furnace, 450° C, with platinized asl)estos, 

C. Ascarite tower. 

D. Mercury manometer. 

E. Combustion tube and electric furnace, 1000-11.%° C. 

F. Special absorption tube which contains asbestos in the left arm, and in the right 

arm HjSO^ saturated with HiCrOi. 

G. Tower with 20-30 mesh .\nhydrone. 

H. IVeighed tower with Ascarite and .\nhydrone. 

I. H 2 SO 4 guard tube and gage. 



1 . Mercury valve. 

2. Bottle containing concentrated H 2 SO 4 . 

3. Tower, with gooseneck top, containing CaC'ij. 

4. Tower w'ilh stick XaOH. 

5. Electric furnace with combustion tube and adaptors, 

6. Bottle with aqueous solution of KMn 04 (5%) iii.sertod only for steels with more 

than 0.0.5% sulfur. 

7. Tower with granulated zinc. 

8 . Bottle with concentrated H 2 SO 4 . 

9. Tower with PjOs. 

10. Weighed tower with Ascarite. 


Fia. 184. — Ap|»ratus for the Determination of Carbcjn by the Direct-Combustion 

Method. 
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factorily removed by H 2 SO 4 that has been saturated with chromic acid. High- 
sulfur steels need other absorbents such as an aqueous solution of chromic acid 
(50%), a solution of KMnOj (5%), or heated platinized silica gel that will 
convert the dioxide to trioxide. The sulfur trioxide that is so formed is not 
removed by any one absorbent, but is condensed and absorbed during its 
passage through the liquids or columns of solids in the train. 

Absorbing Bulbs . — No special types of absorbing bulbs are recommended, 
although the Fleming, Miller, Turner, and the Midvale (sometimes called 
Stetzer and Norton) bulbs have proved satisfactory. When filled, the tubes 
shall not weigh over 200 g. and they shall always be weighed filled with oxygen 
and against a like counterpoise. Open bulbs, such as the Midvale, lose oxygen 
by diffusion. They shall be filled with oxygen before weighing when not in 
continuous use, and the same time interval shall be held between weighings. 

Absorbents . — The most desirable absorbent for carbon dioxide is 20 to 30 
mesh soda asbestos (Ascarite) followed by Anhydronc, Mg(C 104 ) 2 . The latter 
is needed to absorb the water which is formed during the reaction and is not 
held by the unused Ascarite. 

General Arrangement 0 } Apparatus . — Figures 184 (a) and {h) show two 
typical arrangements of the apparatus. The apparatus and arrangement may 
be modified, provided satisfactory results for the carbon determination will be 
obtained. For example, with oxygen free from carbonaceous matter the pre- 
heater may be omitted ; other forms of absorption towers may also be substi- 
tuted for the special absorption tube. 

procedure. Carbon Steel {Sulfur Content less than 0.1 %). — After having 
properly set up and tested the apparatus, spread 1.36 to 2.73-g. of the sample 
on the bed material in the boat so that the particles are in intimate contact. 
Cover the sample with a suitable cover and introduce the boat into the hot 
combustion tube. Close the tube and allow the sample to heat for 1 to 2 min., 
depending upon the size of the particles. Then admit the oxygen, at a rate 
of 300 to 400 ml. per min. while combustion is going on. When combustion 
is complete, slow the current so that the gases leave the absorbents at the rate 
of about 150 ml. per min. for 6 to 8 min. in order to sweep out the carbon 
dioxide. Withdraw the absorption tube filled with oxygen, place it in the 
balance case for 10 min.,® open momentarily, and weigh against a similar tube 
used as a counterpoise. The increase in weight represents carbon dioxide. 
Multiply this by 27.27 and divide by the weight of the sample to obtain the 
percentage of carbon in the steel. Remove the boat from the tube and examine 
the melt for evidences of incomplete combustion. If the drillings are not 
thoroughly fused in a solid pig, the determination shall be rejected. The 
proper correction for a blank run on every material used in the determination, 
except the sample, shall be determined with special care in umpire analyses, 
or in analyses of very low-carbon material. 

High-Sulfur Steels . — Proceed as with carbon steels of low-sulfur content 
but insert a special SO 2 oxidant in the train such as (1) a tube of platinized 
silica gel heated to 440° C, and followed by a tube containing ironized asbestos 
and anhydrone, (2) a tube containing about 25 ml. of an aqueous solution of 

* The tube will warm up when COj is absorbed. It is not necessary to wait until it 
reaches room temperature if it is in continuous use, provided the same time interval is 
maintained, and approximately the same amount of CO 2 is absorbed. 
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chromic acid (50%), or (3) an aqueous solution of KMn04 (5%) followed by 
suitable desiccants. 

Alloy Steels. — Proceed as with carbon steels. Although most of the low- 
alloy steels burn perfectly at 1100° C. without the addition of an accelerator, 
many alloy steels require an accelerator to obtain complete combustion at this 
temperature. 

If a steel burns with difficulty, either place a small pellet in.) of pure tin 
on each end of the sample (or spread 1 g. of pure tin millings over the sample), 
or mix with 1 to 2 g. of fine millings of open-hearth iron and proceed as usual. 

With high-chromium high-nickel steels (18% chromium, 8% nickel; 20% 
chromium, 20% nickel, etc.), the principal sources of error in carbon determina- 
tions are (1) combustion at too low temperatures and (2) omission of, or faulty 
corrections for, blank runs. These steels, if burned at the temperatures gen- 
erally used for carbon determinations (that is, 1050° to 1100° C.), require the 
aid of an accelerator, such as tin, open-hearth iron, or red lead. More certain 
combustion of all carbon is obtained if a temperature of 1250° C. or higher is 
employed and tin or open-hearth iron is used as an acceletator. Preheating is 
necessary, and burning at higher pressures of oxygen seems advantageous; 
that is, a sufficiently rapid stream of oxygen should be maintained duriny the 
burning so that it is bubbling freely at the exit end of the train. After the burning 
is completed the rate of flow of the oxygen is reduced to about 150 ml, per min. 
and continued ior about 8 to 10 min. \{ sulfur exceeds 0.007c » proper pre- 
cautions shall be taken to eliminate oxide.s of sulfur. 

Selenium Steels. — Alloy steels containing selenium evolve volatile selenium 
oxides during combustion; therefore, a tower packed with asbestos fibers shall 
be placed in the train between the exit end of the combustion tube and the 
C02 absorbing tube. An aqueous solution of KMn04 (5%) as used for high- 
sulfur steels is also satisfactory for this purpose. 

Pig^ Castt and Malleable Iron. — Proceed as with carbon steels using a 1-g. 
sample. Special care shall be used in obtaining a representative sample for 
the determination of both total carbon and graphite (see Sampling). Pre- 
cautions for sulfur are of no particular moment for cast irons, except, of course, 
for continuous combustions of irons of very high sulfur content. 

Alloy Cast Irons. — High-silicon and most alloy cast irons recjuire a tem- 
perature of at least 1100° C. for complete combustion. Accelerators are de- 
sirable for high chromium-nickel irons. 

Open-Hearth and Wrought Iron. — Proceed a.s with carbon steels using a 
3- to 4-g. sample and pay special attention to proper blank corrections, Witli 
very-low-carbon material, as open-hearth iron, the use of small absorption 
tubes (Schwartz glass-stop|>ered, 10 cm., U-shape, containing Ascarite and 
Anhydrone) tends to reduce errors caused by variations in temperature and 
humidity. 

Graphite in Cast Iron 

Special Solutions Required. Diluted Nitric Acid (sp.gr* 1.20^ approxi- 
mately). — Mix 380 ml. of HNO3 and 620 ml. of water. 

Ignited Asbestos. — Gently ignite prepared asbestos under oxidizing condi- 
tions until all carbonaceous matter has been consumed. Prepared asbestos is 
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asbestos (finer than IQ-mesh) that has been digested with IICl and then 
thoroughly washed with water. 

Potassium Hydroxide Solution {sp.gr. 1.10, approximately). — Dissolve 120 
g. of stick KOH in 1000 ml. of water. 

Diluted Hydrochloric Acid {1 : 20). — Mix 50 ml. of HCl and 1000 ml. of 
water. 

Procedure. — Dissolve 1 to 3 g. of the sample (see Sampling) in 50 ml. of 
HNOa (sp.gr. 1.20) and heat gently on the steam bath, with occasional stirring, 
until action ceases. If silicic acid separates add 5 ml. of HP to facilitate filtra- 
tion. Collect the residue, conveniently by suction on ignited asbestos contained 
in a fused-silica Gooch crucible of such diameter as will fit in the combustion 
tube. Wash the residue thoroughly with hot water, then with a hot solution 
of KOH (sp.gr. 1.10), hot water, then with diluted HCl (1 ; 20), and finally 
with hot water. Dry at a temperature not exceeding 150° C., and determine 
the graphite by direct combustion at approximately 900° C. in the apparatus 
used for the determination of total carbon, taking care to close the combustion 
tube immediately after inserting the sample. 

MANGANESE BY THE BISMUTHATE METHOD 
(Absence of Cobalt) 

Special Solutions Required. Diluted Nitric Acid (sp.gr. 1.135). — Mix 280 
ml. of HNO3 with 720 ml. of water. 

Diluted Nitric Acid (3 : 97). — Boil 40 ml. of HNO3 under the hood for 1 
min., cool somewhat, and pass in a current of purified air for 5 min. Mix 
30 ml. of this acid with 970 ml. of water. Add 1 g. NaBiOa, shake, and allow 
to settle. 

Asbestos. — The asbestos for this work shall be shredded, digested with 
HCl, thoroughly washed with water, then digested on the steam bath with 
diluted HNO3 (1 : 3), and finally thoroughly washed with water to remove 
chlorides and to oxidize any ferrous iron contained in the asbestos. In making 
the asbestos filter-pad, it is advisable to have a thin, but tight, bed and as 
much surface as possible. This insures rapid filtration, and the filter may be 
used until it becomes clogged with bismuthate (about five to six times). 

Bismuthate. — The sodium bismuthate shall contain enough active oxygen 
to correspond to at least 75% NaBiOa. Manganese and chlorides shall not 
exceed 0.0005 and 0.001%, respectively. 

Ferrous Ammonium Suljate Solution. — Dissolve 12 g. of Fe(NH4)2(S04)2. 
6H2O in a cold mixture of 950 ml. of water and 50 ml. of H2SO4. 

Standard Potassium Permanganate Solution (0.03 N, approximately).— 
Dissolve 1 g. of KMn04 in 1000 ml. of water. Let age for one week or more. 
Filter through purified asbestos. Standardize against the National Bureau 
of Standards' standard sample 40c of sodium oxalate as follows: Transfer 0.1 
g. of the standard sodium oxalate to a 400-ml. beaker. Add 100 ml. of diluted 
112804 (5 : 95) which has been previously boiled for 10 to 15 min. and cooled 
to 27° ±3° C. Stir until the oxalate has dissolved. Add 40 to 42 ml, of MKn04 
(0.03 N) at a rate of 25 to 35 ml. per min., stirring slowly. Let stand until 
the pink color disappears. (If the pink color should persist because the 
permanganate is too strong, discard, and begin again, adding a few milliliters 
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less of the KMnO^ solution.) Heat to 55® to 60® C. and complete the titration 
by adding permanganate until a faint pink color persists for 30 sec. Add the 
last 0.5 to 1 ml. dropwise, with particular care to allow each drop to become 
decolorized before the next is introduced. Determine the excess of per- 
manganate required to impart a pink color to the solution by matching the 
color in another beaker containing the same amount of the specially treated 
diluted H2SO4 (0 : 95) at 55 to 60° C. 

Standard Sodium Arsenite Solution {0,0SS N, approximately). — Dissolve 

2 g. of sodium arsenite in water, filter if the solution is not clear, and dilute to 
1 liter. The solution is preferably standardized on a standard steel of ap- 
proximately the same manganese content as the sample. A clear greenish 
yellow color which does not change when another drop of arsenite is added is 
a satisfactory end point. As an alternate standardization procedure, 20-mL 
portions of the standard solution of KMn04 (0.03 N) may be titrated in a solu- 
tion, containing 1 g. of iron as ferric nitrate, under the same condition of acidity 
and dilution as in the above method. The theoretical titer of the arsenite 
solution cannot be used because manganese is not quantitatively reduced to 
the bivalent stage. 

Procedure. Carbon Steel, — Dissolve 1 g. of the sample in 50 ml. of diluted 
HNOa (sp.gr. 1.135) and boil to expel oxides of nitrogen. Remove from the 
heat, cool somewhat, add about 0.5 g. of sodium bismuthate, and boil for 2 to 

3 min. (With high-carbon steels, about 1 g. of bismuthate, or an amount 
sufficient to effect either a pink color or a precipitate of Mn02, should be added.) 
Clear the solution of permanganic acid or manganese dioxide present by adding a 
few drops of a saturated solution of SO 3 (freshly prepared) or other suitable 
reducing agent free from manganese and chlorides, and boil to expel oxides 
of nitrogen and sulfur. Cool to 15° C. or lower, add 0.5 g. of sodium bis- 
muthate (or an amount equal to 26 times the weight of manganese present) 
and agitate for 1 min. Add 50 ml. of HXO3 (3% and free from nitrous acid) 
and filter through asbestos (or through glass frit or alundum crucibles, suffi- 
ciently tight to prevent passage of bismuthate particles). Wash with HNO 3 
(3%) until the washings run through colorless. The filtrate must be clear and 
absolutely free from particles of bismuthate. Titrate by either method (o) 
or (b) as follows : 

(o) Ferrous Sulfate- Permanganate Titration. — Treat the filtrate with 2 ml. 
of phosphoric acid (85%) and then from a burette add enough of the FeS04 
solution to completely discharge (1 to 2 ml. excess) the color of the permanganic 
acid. Titrate with the permanganate solution to the appearance of a faint 
pink color. In exactly the same manner carry through a blank determination 
using the same amounts of acid and bismuthate as was done with the sample. 
Finally, add the exact volume of ferrous ammonium sulfate solution which 
was employed and titrate with the standard KMn04 solution. The difference 
between the volumes of KMn04 sofution required in the two titrations repre- 
sents the manganese in the sample. 

(&) Arsenite Titration. — After filtering off the bismuthate, immediately 
titrate with the arsenite solution to a clear greenish yellow color which does 
not change upon addition of another drop of arsenite. 

Alloy Steels. — Steels containing nickel, molybdenum, and less than 1% 
of chromium shall be treated like carbon steels, although it is preferable in the 



CHEMICAL ANALYSIS OF IRON AND STEEL 1433 


most accurate work’ to remove chromium if it is present as an essential con- 
stituent of the steel (over 0.60% chromium). This may be done by the bi- 
carbonate separation described for chromium-vanadium steels in the next 
paragraph. An alternative procedure for high chromium alloys consists in 
dissolving the alloy in HCI-HNO3 (1 : 1) (or HCIO4), adding 20 ml. of HCIO4, 
fuming strongly for 10 min. after the appearance of the red color to oxidize 
chromium, diluting, precipitating iron and manganese by NH 40 H-(NH 4 ) 2 S 208 , 
filtering, and washing. The washed precipitate is then dissolved in 50 ml. of 
diluted HNO3 (sp.gr. 1.135) and treated a.s with carbon steels. 

Chromium-^Vanadium, Stainless, and Similar Steels . — Dissolve 1 g. of the 
sample contained in a 300-ml. covered Erlenmeyer flask in 20 ml. of diluted 
H 2 SO 4 (1 : 9). When action is complete, dilute to 100 ml. with boiling water. 
Add from a burette sodium bicarbonate solution ( 8 %) until a permanent 
precipitate is formed (approximately 36 ml.) and then 4 ml. more. For high 
chromium (18%) steel use a 6 -ml. excess. Cover the flask, boil for 1 min., 
and let the precipitate settle. Filter rapidly, conveniently through a cone and 
paper containing a little paper pulp, and wash the flask and precipitate four or 
five times with hot water.® If the precipitation has been properly performed 
there will be no more precipitate than can be conveniently handled on an 11 -cm. 
paper. The filtrate will become cloudy in the funnel stem and in the receiving 
vessel, owing to oxidation and hydrolysis. Heat the filtrate to boiling and 
oxidize with small portions of HNO3, adding a total of 12 ml. Evaporate to 
about 25 ml. Add about 0.5 g. of sodium bismuthate and boil 2 to 3 min. 
Clear the solution by adding a suitable reducing agent, boil and complete the 
determination as with carbon steels.^® 

Cast Iron . — Transfer 1 g. of the sample to a small Erlenmeyer flask, add 
25 mi. of diluted HNO3 (1 : 3), heat, and boil 2 to 3 min. after action ceases. 
Cool, filter and wash the flask and paper with 25 ml. of diluted HNO3 (1 ; 3). 

* The bicarbonate precipitate does not ordinarily contain more than small amounts 
(about 0.005%) of mangane.se. In very accurate work this should be recovered by 
transferring the precipitate to a beaker, dissolving it in aqua regia, fuming with sulfuric 
acid, and then carefully adding sodium peroxide in excess and boiling. Chromium and 
vanadium are thus separated from manganese and iron, wliich should be filtered off, 
dissolved in 5 ml. of HNO 3 (1:1) and added to the filtrate from the bicarbonate pre- 
cipitation. A drop of sulfurous acid added to the nitric acid aids in the solution of the 
manganese dioxide. 

Alternately the zinc oxide separation of chromium and manganese may be used in 
place of the bicarbonate method. The procedure is as follows; Transfer 1 g. of the sample 
to a 400-ml. beaker, add 25 ml. of diluted HNO 3 (sp.gr. 1.135) and heat gently. If the 
alloy is not attacked by HNOs dissolve in 25 ml. of diluted H 2 S 04 (1:5) and oxidize 
with a few milliliters of HNOs. When the sample is dissolved, dilute to 200 ml., nearly 
neutralize with NHtOH and then add 5-inl. portions of a freshly prepared suspension of 
ZnO (prepared by thoroughly shaking 50 g. of the finely powdered reagent with 300-ml. 
of water) until the iron is precipitated and a slight excess of ZnO is present. Shake 
thoroughly after each addition of the precipitant. When sufficient ZnO has been added, 
further addition of the reagent causes the brown precipitate to appear lighter in color. 
A sufficient excess of ZnO is also indicated by a slightly white and milky supernatant 
liquid. Allow the precipitate to settle, filter through a rapid filter paper, and wash well 
with cold water. The ZnO precipitate will retain small amounts of manganese (about 
0.005%). Add 12 ml. of HNOj, and evaporate to about 30 ml. Add about 0.5 g. of 
sodium bismuthate and boil 2 to 3 min. Clear the solution by adding a suitable reducing 
agent, boil, and complete the determination as with carbon steels. 
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Wash the paper a few more times with hot water, and then complete the deter- 
mination as with carbon steels, including the preliminary oxidation and boiling 
with bismuthate. 

Open-Hearth Iron and Wrought Iron . — Proceed as with carbon steels using 
2 to 3 g. of the sample. It is advisable, before filtering the analysis sample, 
to treat the asbestos pad with a weak solution of KAIn04 and wash it free from 
the latter with diluted HNO3 (3%). Very low manganese iroiis shall not be 
filtered through pads used previously for higher manganese alloys. Colori- 
metric determinations by the periodate method on 0,5- to 1-g. samples of open- 
Jiearth iron are applicable for routine work. 

MANGANESE BY THE PERSULFATE METHOD 
(PaESE^"CE OF Cobalt) 

Special Solutions Reqtiired. Acid Mixture . — Add 100 ml, of H2SO4 to 
525 ml. of water slowly and with stirring, cool, and add 125 ml, of H3PO4 
(85%) and 250 ml. of HNO3. 

Silver Nitrate {0.8%). — Dissolv^e 8 g. of AgNOa in 1000 ml. of water. 

Ammonium Persulfate (25 %). — Dissolve 25 g. of (N 114)28208 in 85 ml. of 
water. The solution must not be kept longer than 12 hr. If the salt is of less 
than 95% strength, the necessary equivalent must be used. 

Standard Sodium Arsenite. — 8ee Bismuthate Method. To standardize, 
dissolve 1 g. of electrohTic or open-hearth iron of a low and known nmrigariese 
content (as National Bureau of Standards’ standard sample 55a of ingot iron) 
in 30 ml. of the acid mixture. Dilute to 100 ml. with warm water, add e.xactly 
20 ml. of a standard solution of KMnO^ (0.03 N), and then add just enough 
H2SO3 to reduce the KMn04. Boil for a few minutes to remove oxides of 
nitrogen. Add 10 ml. of the AgNOs solution and 10 ml. of the (NH4)2S208 
solution, boil, cool, and titrate as in the procedure to be described. To obtain 
the manganese titer, di^^de the amount of manganese present in the added 
KMn04 and open-hearth iron by the milliliters of arsenite required. 

Procedure. Carbon Steel: 1. Visual Titration . — Transfer I g. of the 
sample, for a steel containing 1% or less of manganese, or 0.5 g. of the .sample, 
for a steel of higher manganese content, to a 500-ml. Erlenmeyer flask, and add 
30 ml. of the acid mixture. Heat until solution is complete, and boil until 
oxides of nitrogen have been expelled. Add 100 ml. of hot water, 10 ml. of 
AgXOa solution and 10 ml. of (NH4)2S208 solution. Heat to boiling and boil 
briskly for 1 to 1.5 min. Cool to 30* C. or lower, add 75 ml. of water, and 
titrate rapidly with standard arsenite solution to a clear yellow end point which 
does not change upon the addition of more arsenite. If the solution is not 
titrated rapidly with arsenite, part of the manganese may he reoxidized by the 
persulfate during the titration and thus yield high results. 

2. Potentiometric Titration . — Proceed to the titration stage as in 1, cooling 
the solution to 15* C. To titrate, bring the needle (or light-beam) on the 
the solution to 15° C. To titrate, bring the needle (or light-beam) on the scale, 
and then add the standard arsenite solution. As the end point is approached 
(rapid fading of the pink color) the needle will remain .stationary, or move very 
slowly. Continue the addition of the arsenite dropwi.se until a sharp break 
of four to five divisions is obtained. The potentiometric titration of per- 
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manganic acid with arsenite is, like the visual, empirical. It is, therefore, 
necessary to standardize the arsenite solution against a like weight of a standard 
steel which has approximately the same manganese content as the sample 
being analyzed and has been treated exactly as the latter. 

While the potentiometric titration offers no particular advantage, over the 
visual method for steels containing less than 1% of manganese, it is claimed 
that more reproducible end points can be obtained potentiometrically with steels 
of high manganese content or in turbid solutions when graphite has not been 
separated. The apparatus consists essentially of three parts, a motor stirrer, 
electrodes, and a potentiometric unit. In the Larrabee apparatus the elec- 
trodes consist of gold and platinum rods with small vanes at the bottom. In 
the Kelley apparatus platinum and calomel electrodes are used ; it is desirable 
to insert a salt bridge (Na 2 S 04 ) solution between the calomel electrode and 
the titrating solution in this apparatus. 

Alloy Steels: Nickel, Chromium- Nickel, Chromium-Vanadium, and 
Chromium-Vanadium- Molybdenum Steels. — Proceed as with carbon steels. 

Chromium Steels [over 4% chromium). — Separate the greater part of the 
chromium by the bicarbonate separation, “ using a 6 ml. excess for high chro- 
mium (18%) steels. To the filtrate add 30 ml. of the arsenite acid mixture, 
evaporate to 125 ml. and complete the determination as directed for plain 
carbon steels. With high carbon (0.8%) high chromium steel, test the bicar- 
bonate precipitate for manganese.^^ 

Chromium-Tungsten Steel — Treat 0.5-g. of the sample with 50 ml. of 
diluted 11-2804 (1:9) and 3 ml. of H 3 PO 4 . Heat until all action ceases. Add 
40 ml. of water and 5 ml. of HNO 3 , boil until the carbides have dissolved, and 
proceed as with carbon steels. With chromium-tungsten steels the arsenite 
solution is preferably standardized on a steel of similar type of known manganese 
content. Tungsten steels with high carbon (0.8%) and high chromium (4.0%) 
contents may not be completely decomposed by the H 2 SO 4 -H 3 PO 4 attack. In 
this case treat the sample with 10 ml. of a mixture of equal parts of HCl and 
HNO 3 and 4 to 5 drops of HF, When action ceases add 5 ml. of HCIO 4 
(00%) and evaporate just to dryness. Cool, add 5 ml. of H 2 SO 4 and fume 
until HCIO4 is expelled. Cool, add 50 ml. of water, 5 ml. of H 3 PO 4 (sp.gr. 
1.73), dilute to 100 ml. and heat until salts dissolve. If Mn02 appears, dissolve 
it with a few drops of H 2 SO 3 . Complete the determination as with carbon 
steels. 

Cast Jron. — Dissolve as directed for carbon steels, dilute, filter through 
a rapid paper, w’ash wdth hot water, dilute to 125 ml., and complete as with 
carbon steels. 

Open-Hearth Iron. — Proceed as with carbon steels, but use a 2- to 3-g. 
sample. 

Wrought Iron. — Treat 1 g. of the sample as directed for carbon steels. 


PHOSPHORUS BY THE MOLYBDATE-MAGNESIA METHOD 

Special Solutions Required. Diluted Nitric Acid {sp.gr. 7.ii5).— Mix 280 
ml. of HNO 3 and 720 ml. of water. 

See determination of Manganese in Chromium Steels by the Bismuthate Method, 
p. 1433, 



1436 CHEMICAL ANALYSIS OF IRON AND STEEL 


Diluted Nitric Acid (2 : 100). — Mix 20 ml. of HNO3 and 1000 ml. of water. 

Potassium Permanganate {2.5%), — Dissolve 25 g. of KMn04 in 1000 ml. 
of water. 

Ammonium Molybdate. — Place in an 800-ml. beaker 65 g. of c.p. ammonium 
molybdate crystals, (NH4)6Mo7024-4H20, 225 g. of NH4NO3, 15 ml. of NH^OH 
(sp.gr. 0.90), and 600 ml. of water. Stir and heat gently. When the crystals 
have dissolved, filter (without washing) and dilute to 1000 ml. with water. 

Magnesia Mixture. — Dissolve 65 g. of MgS04 and 75 g. of (NH4)2S04 in 
500 ml. of water. Add NH4OH in slight excess and let stand overnight; filter 
if a precipitate appears. Make just acid by adding a very slight excess of 
H2SO4, dilute to 1 liter, and keep in a glass-stoppered bottle. 

Diluted Ammonium Hydroxide {1 : 20). — Mix 100 ml. of NH4OH (sp.gr. 
0.90) and 2000 ml. of water. 

Potassium Nitrate (1%). — Dissolve 10 g, of KNO 3 in 1000 ml. of water. 

Procedure. Carbon Steels. — Transfer 4 g, of the sample to a 300-mI. 
Erlenmeyer flask, dissolve the sample in 125 ml. of diluted HNO3 (sp.gr. 1.135), 
oxidize the organic matter by adding 10 mi. of the solution of KMn04 (2.5%) 
and boil for 3 to 5 rnin. If no precipitate forms, add more KMn04 and boil 
again. Dissolve the precipitate by the dropwise addition of a saturated solu- 
tion of Xa2S03 or H2SO3, and boil for a few minutes to expel oxides of nitrogen. 
Cool to about 75° C. and add 85 ml. of molybdate reagent. Stopper the flask, 
shake for 10 min., and allow to stand for 2 hr. or more. Filter through a tight 
filter paper. Wash the flask, precipitate, and paper with the cold diluted 
HXOj (2 ; 100) and then five times with KNO3 solution. 

Set the filtrate and washings aside after thorough mixing, and note whether 
further separation of phosphomolybdate occurs. Dissolve the precipitate on 
the filter and in the flask in 20 ml, of diluted NH4OH (1 : 1) to which has been 
added 2 g. of citric acid, catch the solution in a 250-mi. beaker, wash the filter 
several times with diluted XH4OH (1 : 20), then with hot water, and finally 
several times with diluted HCl (1 : 20). If the ammoniacal solution of the 
phosphomolybdate is not clear at thi.s point, heat it to boiling, filter through 
the same paper, wash the paper with hot water, ignite in a small platinum 
crucible, and fuse any residue with as little Xa2C03 as possible (not over 0.5 g.) ; 
extract the cooled melt with hot water, cool, filter, and add the water solution 
to the ammoniacal solution. 

Render the ammoniacal solution acid with HCl, add 20 ml. of the acid 
magnesia mixture, cool in ice water, and then add XII4OII slowly until the 
solution is faintly ammoniacal. Stir vigorously for 5 min. or until a crystalline 
precipitate appears,^ ^ and finally add 5 to 10 ml. of XH40H. The volume of 
the solution at this point should not exceed 100 ml. Allow the solution to 
stand in a cool place for 4 to 6 hr., or, preferably, overnight. Filter and wash 
the precipitate moderately with dilutecliNH40H (1 : 20). Dk^olve the pre- 
cipitate on the filter in 20 ml. of diluted HCl (1 : 1), catching the ablution in 
the original beaker. Wash the filter thoroughly with warm diluted HCl 

^ If the percentage of phosphoru.s i.s less than 0.05%, it is a^Ivantageous to treat two 
or more 4-g. samples a.s described, and combine the yellow precipitates either by filtering 
through the same paper or by combining the precipitatc.s after filtering on separate papers. 

If the amount of phosphorus is very small, it may take 30 min. to 1 hr. before the 
precipitate b^na to appear. 
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(1 ; 1 ). Add 0.5 to 1 g. of NH 4 Br^^ and gently boil the HCl solution to a 
volume of 5 to 10 ml. (but not to dryness) to eliminate arsenic. Dilute to a 
volume of 50 to 75 ml., add 0.1 to 0.2 g. of citric acid, 2 to 3 ml. of the acid 
magnesia mixture, and cool in ice water. Make ammoniacal, stir as above, 
and allow to stand in a cool place for 4 to 24 hr. 

Filter, wash with diluted NH4OH (1 : 20), and ignite the precipitate care- 
fully and at as low a temperature as possible until the carbon has been destroyed 
and the residue is white. Finally, ignite to constant weight at 1000 to 1100 ° C. 
Dissolve the ignited precipitate in 5 ml. of diluted HhfOa (1:1) and 20 ml. of 
water. If no residue remains, the ignited precipitate may be regarded as 
Mg 2 p 207 . If a residue remains, filter, wash with hot water, ignite, and weigh. 
Treat with a few drops of HF, evaporate to dryness, ignite, and reweigh. 
Subtract any loss of weight from the original weight of the pyrophosphate, and 
calculate the percentage of phosphorus on the basis of this purified magnesium 
pyrophosphate. 

Alloy Steels: Nickel, Chromium- Nickel, Stainless and Similar Alloy Steels 
Containing Neither Tungsten nor Vanadium. — Proceed as with carbon steels. 
High-chromium steels (stainless), high-chromium high-nickel (18% chromium, 
8 % nickel ; 20 % chromium, 20 % nickel), and other steels in this group that do 
not dissolve in diluted HNO3 (sp.gr. 1.135), shall be treated as follows: Treat 
3 g. of the sample in a 500-ml. Erlenmeyer flask with 75 ml. of a mixture of 
equal parts of HCl and HNOg, and heat gently. When decomposition is 
complete, add 25 ml. of HCIO4 (60%) and evaporate until fumes of HCIO 4 are 
evolved. Continue the heating for 5 min. to oxidize chromium and to dehy- 
drate silica. Cool somewhat, add 40 ml. of water, filter, and wash the flask, 
paper, and silica with 55 ml. of diluted HNO3 (sp.gr. 1 . 2 ). Add KMn 04 to 
the filtrate, boil, add H 2 SO 3 to destroy oxides of manganese and to reduce all 
of the chromium, and proceed as usual. As an alternative method, the sample 
may be decomposed by heating with diluted HNO3 (1:1) and adding small 
portions of either HF or HCl. 

Austenitic Manganese Steels {over lO^c manganese'). — Transfer 4 g. of the 
sample to a 300-ml. Erlenmeyer flask, add 70 ml. of diluted HNO 3 (sp.gr. 1.135) 
and digest until action ceases. Add 35 ml. of HCIO 4 (60%) and evaporate 
just to fumes. Add HF dropwise until all of the silica is in solution and then 
an excess of 5 drops. Fume so that the HCIO4 refluxes on the sides of the flask 
for 25 to 30 min. Cool, add 50 ml. of water and 10 ml. of HN'Os. Add a few 
drops of KMn 04 ( 2 %) and boil until oxides of manganese are precipitated. 
Dissolve the precipitated manganese with H 2 SO 3 and boil a few minutes to 
expel oxides of nitrogen. Cool to 70° C. and precipitate with molybdate, etc., 
as with carbon steels. 

Chromium-Vanadium Steels or Other Steels Containing Vanadium hut No 
Tungsten. — Proceed as with carbon steels until the solution is ready for the 
addition of the molybdate reagent. At this point cool to 10° C,, add 5 ml. of 
a solution of ferrous sulfate (100 g. of FeS 04 * 7 H 20 , in 1000 ml. of diluted 
H 2 SO 4 (5 : 95)) and 2 to 3 drops of H 2 SOS. Mix, add 85 ml. of molybdate, 
shake for 10 min., and allow to stand for 4 hrs. or, preferably, overnight. Filter, 
and finish the determination as directed for carbon steels. 

” With a precipitation temperature of 25° C., arsenic, when present in small amounts, 
is not precipitated^ and therefore the HBr treatment can be omitted. 
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High-Speed Steels or Other Steels Containing Tungsten and Vanadium , — 
Decompose 4 g. of the sample in 125 ml. of diluted HNO3 (sp.gr. 1.135), add 
30 ml. of HCl and evaporate to dryness. Take up the residue in 20 ml. of 
diluted IICl (1 : 1), dilute to 100 ml. with hot water, and filter off the tungstic 
acid.’^ Evaporate the filtrate twice with 20- ml. portions of IINO3 to expel 
the HCl, taking the second evaporation just to a syrup; add 65 ml. of diluted 
HNO3 (sp.gr. 1.135), and filter the solution if it is not entirely clear. Cool 
to 10° C., add 5 ml. of a solution of FeS04 (100 g. in 1000 ml. of diluted H2SO4 
(5 : 95)) and 2 to 3 drops of H0SO3. Mix, add 85 ml. of molybdate reagent, 
shake for 10 min., allow to stand for 4 hrs., or preferaldy, overnight. Filter 
and finish the determination as directed for carbon steels. 

Cast Iron. — Dissolve 2 to 3 g. of the sample in a covered ca.sserole in 30 
ml. of diluted HXO3 (1 : 1). WTen solution is complete, add 10 ml. of diluted 
HCl (1 I 1), evaporate to dryness, and bake for 15 to 20 min. on the hot plate. 
Cool, drench the residue with HCl, dilute to 50 ml. with hot water, and warm 
until the salts are in solution. Filter without delay, wash with diluted HCl 
(1 : 20), and evaporate the filtrate to syrupy consistency. In the meantime, 
place the paper containing the graphite and silica in a platinum crucible, burn 
the carbon in a good oxidizing atmosphere, cool, and add 5 to 10 drops of HCl 
and 1 to 2 ml. of HF. Evaporate just to dryness, take np any residue in 5 ml. 
of HCl, and add the solution to the main solution which is being evaporated. 
When the solution is of syrupy consistency, transfer it to a 300-ml. Erlenmeyer 
flask by alternate washing with diluted HXO3 (1 : 1) and hot water, using 
not more than 30 ml. of the former and 70 ml. of the latter. Xearly neutralize 
with XH4OH, and add 100 ml. of molybdate reagent. Shake for 10 min. and 
allow to stand for 4 to 6 hrs., or preferably, overnight. Complete the deter- 
mination as with carbon steels. 

Open-Hearth Iron and Wrought Iron. — Proceed as with carbon steels. 


PHOSPHORUS BY THE ALKALIMETRIC METHOD 

Special Solutions Required. — In addition to those listed under the molyb- 
date-magnesia method, the following special solutions will be required : 

Standard Sodium Hydroxide, — Transfer 6.5 g. of C.P. NaOH to a 1 -liter 
flask. Add 1000 ml. of water, and a slight excess of a solution of Ba(OH)3. 

This precipitate may contain a small amount of phosphorus, and in standardization 
work it shall be treated as follows: Transfer the bulk of the precipitate to an Erlenmeyer 
flask \sith a jet of water, and then treat the paper with 25 ml. of hot diluted NH4OH 
(1 : 4) containing 0.5 g. of citric ac:id. Catch the filtrate in the fiii.sk containing the 
remainder of the precipitate. Wash the paper with hot water, then a few times with 
hot diluted HCl (1 : 20), holding the volume of the filtrate and washings to about 75 ml. 
Slightly acidify the solution with HCl, add 25 ml. of the acid magnesia mixture and about 
10 ml. of XH4OH in excess. Add a few glass bead,s, cool the dilution in ice water, stopper 
the flask, and sliake thoroughly for 1 hr. Allow U) stand overnight at about 0® C. 
Filter, and wash a few times with diluted NH/lH (1 : 20). Dissolve the precipitate in 
a little hot diluted HXOj, and add it to the original solution in which phosphorus is to 
be determined, or determine the phf.>sphorus separately by precipitating it with molyb- 
date reagent and titrating with standard alkali and acid. This rcriovery usually amounts 
to less than 0.001% and need not be made in routine analyses. 

“ If the percentage of titanium or zirconium i.s high, this residue should be fused 
with Xa2C03, extractixl with hot water, cooled, filtered, and the water extract added 
to the main solution. 
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Stopper and let stand for 24 hrs. Decant the liquid, and standardize it against 
a steel of known phosphorus content, as determined by the molybdate-magnesia 
method. Appropriate National Bureau of Standards' standard steels are 
recommended for tliis purpose. The solution may also be standardized by use 
of the National Bureau of Standards' standard sample 84 of acid potassium 
phthalate and the ratio 23 NaOH to 1 phosphorus. Protect the alkali solution 
from carbon dioxide by means of a soda-lime or soda-asbestos tube. 

Standard Nitric Acid , — Mix 7 ml. of clear HNO 3 with 1 liter of water and 
standardize against the standard alkali solution, using phenolphthalein as the 
indicator. If desired, the acid solution may be rendered equivalent to the 
NaOII by dilution with water. 

Phenolphthalein Indicator . — Dissolve 0.29 g. of reagent in 100 ml. of ethyl 
alcohol (50%). 

Procedure. Carbon Steels . — Transfer 2 to 3 g. of the sample to a 300-ml. 
Erlenmeyer flask, dissolve the sample in 65 ml. of diluted HNO 3 (sp.gr. 1.135) 
and oxidize organic matter by adding 10 ml. of the KMn 04 (2.5%) and boiling 
for 2 to 3 min. If no precipitate forms, add more KMn 04 and boil again. 
Dissolve the precipitate by the dropwise addition of a saturated solution of 
Na 2 S 03 or H 2 SO 3 and boil for a few minutes to expel oxides of nitrogen. Adjust 
the volume to 60 ml. and the temperature to 45® C., and add 50 ml. of the 
molybdate reagent. Stopper the flask, shake for 10 min., and allow the pre- 
cipitate to settle. Filter through a 9-cm. close-texture paper. Wash the 
flask, precipitate, and paper twice with 5-raI. portions of diluted HNO3 (2 : 100) 
and then five times with 5-ml. portions of a solution of KNOs (1%). Finally, 
wash the paper about ten times (until free from acid), directing the jet of KNO 3 
solution around the edge of the paper and then spirally down. Return the 
paper and precipitate to the flask, add 25 ml. of water and a 2- to 5-ml. excess 
of standard NaOH, both free from carbon dioxide, and shake or stir until the 
precipitate is dissolved. Dilute to about 150 ml. with water free from carbon 
dioxide, add 3 drops of the phenolphthalein indicator, and discharge the pink 
color with standard HNO 3 . 

Alloy Steels: Nickel, Chromium- Mc/ee?, Stainless, and Similar Alloy Steels 
Containing Neither Tungsten nor Vanadium . — Proceed as with carbon steels. 
With high-chromium nickel, or other steels insoluble in diluted HNO3, treat 
2 g. of the sample with 50 ml. of a mixture of equal parts of HNO3 and HCl, 
add 4 to 5 drops of HF, heat till action ceases and then add 20 ml. of HCIO 4 . 
Evaporate to fumes, fume 5 to 10 min., filter, etc. (as in the molybdate- 
magnesia method),^® and finish by the alkalimetric method. With steels of 
appreciable titanium content (over 0.25% titanium) it is best to remove ti- 
tanium before precipitating the phosphomolybdate. 

Austenitic Manganese Steel (greater than 10% manganese).— Transfer 
2 g. of the sample to a 400-ml. beaker, add 35 ml. of diluted HNO3 (sp.gr. 1.135) 
and digest until action ceases. Add 20 ml. of HCIO4 (60%) and evaporate 
just to fumes. Add HF dropwise until all of the silica is dissolved and then 
add an excess of 5 drops. Fume so that HCIO4 refluxes on the sides of the 
beaker for 20 to 25 min. Cool, add 50 ml. of water and 10 ml. of HNOg. Add 

To prevent the possibility of silica precipitating in steel of high silicon content, 
Sto4 drops of HF may be added while the sample is dissolving. 

«See p. 1437. 
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a few drops of KMn04 (2%) and boil until oxides of manganese are precipitated. 
Dissolve the precipitated manganese with H2SO3 ai\d boil for a few minutes to 
expel oxides of nitrogen. Transfer the solution to a 300-ml. Erlenmeyer flask 
and adjust the volume to 60 ml. and the temperature to 46° Add 50 ml. 
of ammoniacal molybdate solution, shake 10 min. and let stand for 20 min. 
Filter, wash, and titrate as directed for carbon steels. 

Chromium-Vanadium Steel, or Other Steels Containing Vanadium but No 
Tungsten , — Proceed as with carbon steels until the solution is ready for the 
addition of molybdate reagent. At this point cool to 10° C., add 5 ml. of a 
solution of ferrous sulfate (100 g. FeS04‘7H20 in 1000 ml. of diluted H2S04 
(0 : 95)) and 2 to 3 drops of H2SO3. Mix, and then add 50 ml. of molybdate 
reagent. Shake for 10 min., allow to settle 1 hr., filter, and finish as directed 
for carbon steel. 

‘ High-Speed Steels, or Other Steels Containing Tungsten and Vanadium . — 
For the decomposition of the sample (2 g.) and the preparation of the solution 
for the precipitation of the ammonium phosphomolybdate proceed as in the 
gravimetric method for the determination of phosphorus in these steels.^® 
precipitate the phosphorus in a cool reduced solution and finish the determina- 
tion as described for chromium-vanadium steels by the alkalimetric method 
(see preceding paragraph). 

Cast Iron . — Dissolve 0.5 to 2 g. of the sample in 65 ml. of diluted UNO 3 
(sp.gr. 1.135). Filter through a paper of loose texture and catch the filtrate in 
a 300-ml. Erlenmeyer flask. Wash the paper a few times with diluted HNO 3 
(2 : 100) and then with about 50 ml. of hot water.^^ Add 10 ml. of KMnOi 
to the filtrate and boil for 3 to 5 min. Dissolve the precipitated o^des by the 
dropwise addition of a saturated solution of Na2S03 or H2SO3 and boil for a 
few minutes to expel oxides of nitrogen. Cool to 45° C., add 50 ml. of molyb- 
date reagent and proceed as with carbon steels. 

Open-Hearth Iron . — Proceed as with carbon steels. The result shall be 
corrected by that obtained in a blank run. 

Wrought Iron . — Proceed as with carbon steels using 1 g. of the sample. 
In wrought iron phosphorus will be present as phosphide and as phosphate 
(in slag inclusions). If a differentiation betw'een the two forms is desired, 
determine total phosphorus in one sample; determine the phosphate that is 
left after phosphine has been driven off (by attack with a non-oxidizing acid 
as HCl) from another sample, and the phosphorus occurring as phosphide is 
then obtained by difference. The accuracy of the results obtained by this 
phosphate-phosphide method is somewhat doubtful, but the method is ap- 
parently the only one available at present. 

SULFUR BY THE GRAVIMETRIC METHOD 

Special Solutions Required. Barium Chloride Solution (10 %), — Dissolve 
100 g. of BaCl2-2H20 in 1000 ml. of water. 

“ If the solution at thin point contains silica, filter, wa.sh with water, boil until the 
volume of the filtrate is approximately 60 ml., and again cool to 45° C. 

« See p. 1438. 

** For tmatment of the residue when the iron contains appreciable amounts of ti- 
tanium or zirconium see the Determination of Phosphorous in Cast Iron by the Molyb- 
date-Magnesia Method, p. 1C18. 
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Diluted Hydrochloric Acid {1 : 99 ). — Mix 10 ml, of HCl (sp.gr. 1.19) and 
990 ml. of water. 

Procedure, Carbon Steel . — Dissolve 4.57 g. of the sample in 50 mi. of 
HNOs in a covered beaker or flask. In case solution is slow or difficult, 
HCl may be added dropwise at intervals. With, steels that dissolve too rapidly, 
it is necessary- to place the cooled acid in a covered beaker and add the sample 
in small portions. When solution is complete, add 0.5 g. of Na2C03 and care- 
fully evaporate to low volume (about 10 ml.)®^ in a sulfur-free atmosphere. 
Cool, add 30 ml. of HCl, and evaporate just to dryness. Add 30 ml. more of 
HCl, and evaporate to syrupy consistency Add 10 ml. of HCl, 25 ml. of 
water, 5 g. of 20- to 30-mesh zinc (free from sulfur), and warm on the steam 
bath until the iron is reduced to the ferrous state and the evolution of hydrogen 
has nearly ceased. Remove the silica and undissolved zinc by filtration through 
a tight filter paper, wash with approximately 75 ml. of diluted HCl (1% by 
volume), warm to 60® to 70® C, and add 10 ml. of the solution of BaCL (10%),^® 
Stir vigorously and let stand 18 to 24 hrs. Filter on a 9-cm. paper of close 
texture and discard the filtrate. Wash once or twice with cold diluted HCl 
(1 : 500) and then with hot water until free from chlorides. Reserve the 
precipitate and evaporate the washings to dryness. Dissolve the slight residue 
in 1 ml. of diluted HCl (1 : 1), dilute to 25 ml. with hot water, add 1 ml. of 
BaCL (10%), and digest at 70° to 80° C. for several hours, avoiding any undue 
loss by evaporation. Filter on a small paper of close texture and wash with 
hot water until free from chlorides.^® Ignite both papers in platinum and treat 
with one drop of H2SO4 (1:1) and 1 ml. of HF. Evaporate to dryness, ignite, 
and weigh. Duplicate blanks shall be carried through all steps of the deter- 
mination. The corrected weight of the ignited BaSO^ multiplied by three is 
equal to the percentage of sulfur. 

Alloy Steels , — For steels which can be dissolved in HNO 3 , or HNO 3 plus 
small portions of HCl, proceed as with carbon steels. High chromium-nickel 
steels shall be dissolved in a 400-ml, tail-form beaker in 150 ml. of a mixture of 
equal parts of HNO 3 and HCl. The acids shall first be thoroughly mixed in 
another container and, when thoroughly red, added to the beaker containing 
the sample. If the reaction proceeds too rapidly the beaker and contents 
should be chilled by placing them in ice water. 

Alternately, the following Meineke method (solution in acid copper potas- 
sium chloride) may be used for the chromium-nickel alloys. 

Meineke Method.— DissoUe the sample (4.57 g.) in 250 mL of copper 
potassium chloride solution (dissolve 300 g. of 2 KCl- CuCl2*2H20 in a mixture 

“ The addition of 2 to 5 ml. of bromine is claimed to effect more complete recovery of 
sulfur. 

^ The use of a coarse screen of }/% in. wire, triangles, or an asbestos pad on the hot 
plate permits of more rapid evaporation without the danger of spattering. 

The HNOj can also be expelled by adding about 50 nil. of HCIO 4 , evaporating to 
fumes of HCIO 4 , and fuming for about 5 min. The solution is then cooled, diluted to 
75 ml., reduced with zinc, filtered, BaCla added, and the procedure continued as described. 

^ The solution should preferably contain not more than 2 % by volume of HCl at the 
time of the precipitation with BaCh. Ordinarily, there will be no hy^olysis of iron 
during the filtration and washing of tlie undissolved zinc or the precipitation with BaClj. 
Should this occur, the solution must be cleared by the addition of HCl, having due regard 
to the final permissible acidity. 

“ This recovery of BaS 04 ordinarily represents from 0,001 to 0.003% sulfur. 
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of 1000 ml. of water and 75 ml. of HCl) at room temperature and with mechani- 
cal stirring (slow).^^ Filter through purified asbestos. Wash two or three 
times with diluted HCl (2 : 98). Return the residue and asbestos pad to the 
beaker and treat with 20 ml, of HNO3. Heat and add KCIO3 until all car- 
bonaceous matter is destroyed. Graphite may be ignored. Evaporate the 
solution to dryness, take uj) in 10 ml. of HCl and again evaporate to dryness. 
Take up in 10 ml. of diluted HCl (1:9) and 20 ml. of water, filter through 
paper and wash with 50 ml. of hot water. Boil and add 5 ml. of BaCb (10%). 
Digest for about 2 hrs., filter, and finish the determination as directed in the 
HXO3 method (sec preceding paragraph). 

Tungsten Steels. — Transfer 4.57 g. of the sample to a 000-ml. beaker or 
Erlenmeyer flask and treat with 75 ml. of HNO 3 . If reaction is slow, heat 
gently ; if it is vigorous, cool in ice water. If reaction is very slow, add 5 ml. 
of HCl or a drop or two of HE occasionally as the solution is heated on the 
steam bath.^ When HXO 3 alone is used, the particles of steel tend to become 
covered with a film of tungstic acid. Stirring or rubbing these coated granules 
speeds up the decomposition. When reaction is complete, digest until the 
residue is pure yellow and contains no dark materia], adding fresh portions of 
acid if necessar>\ Evaporate to syrupy consistency. Cool, add 30 ml, of 
HCl, and again evaporate to syrupy consistency. Add 100 ml. of hot water 
and boil until soluble salts are in solution. Filter and w’ash the residue with 
diluted HCl (1 : 10), catching the filtrate and washings in a 600-rnl. casserole. 
Evaporate to dryness, add 30 ml. of HCl, and again evaporate to dryness. 
Cool, add 60 ml. of diluted HCl (1 : 1), warm until salts are in solution, and 
add 50 ml. of boiling water. Add 10 ml. of cinchonine solution (125 g. of 
cinchonine dissolved in lOOO ml. of diluted HCl (1 : 1)), and let stand over- 
night. Filter and wash with cinchonine wash water (30 ml. of cinchonine 
solution diluted to 1000 ml.). Evaporate the filtrate and washings until a 
slight film begins to form and proceed with the reduction by zinc as with carbon 
steels. In this determination it is particularly important that corrections be 
made as determined by blanks carried through all steps of the method. As 
cinchonine sometimes contains sulfur, this solution should be measured so that 
the same amount is used in the blank as in the determination. If the cinchonine 
contains excessive quantities of sulfates, wash the crystals on a Biichner funnel 
with water until the washings no longer give a precif)itate with barium chloride. 

Open-Hearth Iron, — Proceed as with carbon steels. 

Cast Iron. — Proceed as with carbon steels. 

Wrought Iron, — Proceed as with carbon steels. 

SULFUR BY THE EVOLUTION METHOD 

Apparatus. — Figure 185 shows a typical apparatus for this determination. 

Special Solutions Required. Diluted Hydrochloric Acid {1 : 1). — Mix 500 
ml. of HCl and 500 ml. of water, 

Ammoniacal Zinc Sulfate. — Dissolve 200 g. of ZnSO<‘7H20 in 1000 ml. 
of water, and add 1000 ml. of NHiOH (sp.gr. 0.90), Let stand 24 hrs. and filter. 

ffelenium Ls also obtained with sulfur in the residue, hence with selenium steels, all 
operations should l)e conducted under a gr>od hofxi. 

” Alternately, the sample may be trea ted with 150 ml. of a mixture of IICI and UNO j 
as in alloy steels. 
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Ammoniacal Cadmium Chloride . — Dissolve 10 g. of CdCL in 400 ml. of 
water and add 600 ml. of NH4OH (sp.gr. 0.90). 

Starch Solution, — To 500 ml. of boiling water, add a cold suspension of 5 g. 
of soluble (or arrowroot) starch in 25 ml. of water, cool, add a cool solution of 
5 g. of NaOH in 50 ml. of water; then add 15 g. 
of KI and mix thoroughly. 

Potassium lodate . — Dissolve 1.12 g. of KIO 3 
and 12 g. of KI in 1000 ml. of water. For gen- 
eral work, the theoretical sulfur titer of this 
solution shall be u.sed; for specialized work on 
one kind of material, the solution may be stand- 
ardized against like material. The theoretical 
titer is based on standard sodium oxalate and is 
obtained as follows; To 300 ml. of water in a 
600-ml. flask, preferably glass-stoppered, add 10 
ml. of HCl (sp.gr. 1.19) and 1 g. of KI. Cool 
and add 25 ml. of KM11O4 (0.03 N) which has 
been standardized against sodium oxalate. Swirl 
gently, stopper, and let stand for 5 min. Titrate 
the liberated iodine with thiosulfate solution 
(approximately 0.03 N) until the color nearly 
fades. Then add 5 ml. of starch solution and 
continue the titration until the blue color is just 
destroyed. In a new flask, repeat the experi- 
ment with the sole difference that 25 ml, of the 
iodate solution is substituted for the standard 
permanganate solution. Calculate the normal- 
ity of the iodate solution, and dilute it if de- 
sired so that its normality is 0.0312, or 1 ml, is 
equivalent to 0.01% of sulfur on a 5-g. sample. 

For standardization against like materials, 5-g. 
portions of the proper standard are carried through all steps of the method. 
The following equations represent the reactions that are involved 1 

2KMnO4-hl0KI+16HCM5l2+12KCl+2MnCl2+8H2O 
KIOs-fSKI-hAHCl^SL-l-eKCI-fSHsO 
l2T*2Na2S203 — ^Iva2S40flT' 2NaI 

The normality of the iodate solution is then found by dividing the volume of 
NaiSzOs solution required in the second titration by the volume required in 
the first, and multiplying by the nonnality factor of the solution of KMn04. 
If the solution is then diluted so that the normality is 0.0312, 1 ml. represents 
0.01% of sulfur on a 5-g. sample. 

Procedure. Carbon Steel— Vhee 5 g. of the sample in the dry flask and 
connect the latter as shown in Fig. 185. Place 10 ml. of the ammoniacal solution 
of zinc sulfate or cadmium chloride and 150 ml, of water in the tumbler. Add 
80 ml. of the diluted HCl (1 : 1) to the flask through the thistle tube, heat the 
flask and its contents gently until the solution of the iron is complete, then boil 
the solution for 30 sec. The heat shall be so adjusted that there is a rapid, 
steady evolution of gas. Disconnect the delivery tube, leaving it in the solu- 



Fig. 185. — Apparatus for 
Determination of Sulfur by the 
Evolution Method. 
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tion, and remove the tumbler. Add 2 ml. of starch solution, then 40 ml. of 
diluted HCl (1 : 1) and titrate immediately with the iodate solution to a 
permanent blue color. 

Notes. — Direct sunlight must be avoided if cadmium solutions are used, otherwise 
low results are obtained. 

This method succeeds best when the evolution of gas is rapid and the conditions are 
kept constant. 

Trouble may occur if the absorbing solution becomes too hot. This condition can 
be avoided by keeping the absorbing solution in a water bath. 

Some an^ysts prefer to add the diluted HCl at a temperature of 80" to 90® C. and to 
heat the flask on an electric heater instead of over gas. The use of concentrated HCl 
necessitates a condensing arrangement and does not offer any general advantages over 
the diluted acid for carbon steel. 

With most carbon steels, the results for sulfur which are obtained by the 
evolution method and the use of the theoretical sulfur titer check the gravi^ 
metric results within ±0.002%. Some steels dissolve too slowly and some 
(for example, certain steels containing high sulfur or high carbqn) do not yield 
all of their sulfur. In such cases the samples must be annealed as follows: 
Place 5 g. of the sample in a 20'ml. porcelain crucible. Cover with a 3^-in. 
layer of graphite, Acheson Xo. 38, cover the crucible and heat at 685® C. for 
20 min. Transfer the cooled annealed steel and graphite to the evolution flask 
and proceed as in the regular method. 

Alloy Steels . — Many alloy steels yield all their sulfur when analyzed by 
the same procedure as is used for carbon steels, but some yield only a part. 
Hydrochloric acid of 2 : 1 strength, or the concentrated acid (sp.gr. 1.19) with 
some alloy steels, will give slightly more evolved .sulfur than does the 1 : 1 acid. 
For example, some molybdenum steels yield most of their sulfur with con- 
centrated HCl. For high silicon steels, concentrated HCl plus a small amount 
of HF (0.5 ml.) has been recommended. The evolution method, however, can 
be used only if experiment has shown that all sulfur is evolved as HaS in the 
particular type of steel under analysis. The evolution method is not satis- 
factory for the determination of sulfur in selenium steels. 

Cast Iron . — Most cast irons do not give up all their sulfur as hydrogen sul- 
fide. The amount that is given off can often \)e increased by annealing the 
sample, although with many irons annealing yields no increase in the amount 
of evolved sulfur. Annealing is done as directed in the second preceding 
paragraph. 

With high-silicon cast irons, use hot (70® C.) diluted HCl (1 : 1), heat 
rapidly to boiling, and then simmer. If the solution froths badly, add about 
0.5 ml. of HF. 

Concentrated HCl has been recommended for certain alloy cast irons, in 
which case suitable condensing arrangements must be provided. BXen then 
care must be taken to avoid excessive neutralization of the alkaline absorbent. 

Open-Hearth Iron and Wrought Iron . — Proceed as with carbon steels. 


SILICON BY THE SULFURIC ACID MimiOD 

Procedure, Carbon Sfeefs.— Transfer the sample (4.672 g. if silicon 
under 0.5%, and 2.336 g. if it is over this percentage) to a 300-ml. casserole, 
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treat with 100 ml. of diluted H2SO4 (1 : 4), and cover.^® Warm gently. When 
reaction ceases, remove and rinse the cover, and evaporate the solution, taking 
care to avoid spattering, until copious fumes of H2SO4 are given olf. Replace 
the cover and continue the fuming for 2 to 3 min., but no longer since insoluble 
sulfates may be formed. Cool somewhat, and add 100 ml. of warm water 
(40° to 50° C.) at one time. Stir until salts are in solution, heating gently if 
necessary but never boiling. Filter immediately using a rapid ashless filter 
paper for high-silicon steels, and a tighter paper for low-silicon steels. Transfer 
all the residue to the paper, scrubbing the casserole thoroughly with a rubber- 
tipped rod. Wash the paper and residue alternately with hot diluted HCI 
(5 : 95) and hot water until salts of iron have been removed. This usually 
requires six washings with 5-ml. portions of each solution. Transfer the paper 
and residue to a platinum crucible, heat carefully until the carbon is gone, 
and then cover and ignite for 10 to 15 min. at 1050° to 1100° C. Cool in a 
desiccator and weigh. Add enough diluted H2SO4 (1 : 1) to moisten the Si02 
and then 3 to 5 ml. of HF. Evaporate to dryness, carefully heat until H2SO4 
is gone, and then ignite at 1000° C. Cool in a desiccator and weigh. If the 
factor weight was taken the loss in weight multiplied by 10 represents the 
percentage of silicon. 

Note. — In the above and succeeding methods some silica passes into the filtrate. 
The amount left in solution depends chiefly on the silicon content of the alloy, that is, 
about 0.005% silicon for a 0.1% silicon steel, approximately 0.02% for a 0.4% silicon 
steel and alwut 0.05% or more for a 4.5% silicon steel. Hence in umpire work it is 
necessary to evaporate the filtrate and washings to fumes of H2SO4, dilute, filter, and 
ignite the washed paper and contents with the first portion. 

Alloy Steels . — Proceed as with carbon steels if the sample dissolves in 
diluted H2SO4. If it does not, use the acid mixture (given for carbon steels) 
or the perchloric acid method.^® The latter is especially suited for high- 
chromium alloys. 

Tungsten Steels . — Transfer 2.336 g. of the sample to a beaker or casserole 
provided with a cover glass. Add a mixture of 20 ml. of HCI and 20 ml. of 
HNO3, and warm until all the steel has dissolved. Add 60 ml. of warm diluted 
H2SO4 (1 : 1), and evaporate until copious fumes of H2SO4 appear. Cool 
somewhat, cautiously add 5 ml. of HCI, and swirl gently until well mixed. 
Add 125 ml. of warm water (40° to 50° C.), and proceed as in the sulfuric acid 
method. Ignite the tungstic acid and silica together at a temperature of about 
1000° C. and weigh. Treat with HF and H2SO4, ignite at 800° C,, and again 
weigh. 

Cast Iron . — Proceed as with carbon steel, using 2.336-g. of the sample. 
With gray or mottled pig iron it is desirable to use a finely divided sample and 
to boil vigorously with slightly more acid at the start, as the particles tend to 
become coated with gelatinous silica. 

‘ More rapid and equally satisfactory determinations can be made by dissolving 
the sample in 40 ml. of diluted HCI (1 : 1), evaporating to low volume, then adding the 
H 2 SO 4 and evaporating to fumes, etc. Another alternate procedure consists in dissolving 
the sample in 80 ml. of an acid mixture (600 ml. of water, 200 ml. of HaSO^ (sp.gr. 1.84), 
lOOml.ofHNOj (sp.gr. 1.42) and 100 ml. of HCI (sp.gr. 1.19)), heating until solution is 
complete, and then evaporating to copious fumes of H 2 SO 4 , etc. In this method 5 ml. 
of HCI is added to the partially cooled residue before dilution with warm water. 

^'^See p. 1446. 
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Open~HeaTth Iron. — Proceed as with carbon steels using 10- to 20-g. 
samples and corresponding amounts of H 2 SO 4 . Fume gently for 12 to 15 min. 
instead of 1 to 2 min. as with carbon steels. Umpire analyses of open-hearth 
iron must be made in platinum dishes. 

Wrought Iron. — Dissolve 4.672 g. of the sample in 80 ml. of the acid mixture 
(as given for carbon steels), evaporate, and fume for 1 to 2 min. Cool some- 
what and cautiously add to the warm solution 5 ml. of HCl as the solution is 
swirled gently. When well mixed, add 125 mi. of warm water, stir, and com- 
plete the determination as directed for carbon steels. 

SILICON BY THE PERCHLORIC ACID METHOD 

Procedure. Carbon Steels. — Transfer 4.672 g. of the sample for steels 
containing less than 0.5% silicon and 2.336 g. for steels containing more than 
0.5% silicon to a 400-ml. beaker. Add 40 ml. of HNO 3 (sp-gr. 1.20).^^ Heat 
cautiously until solution is complete. Then raise the cover and add 40 ml. of 
HCIO 4 (60 to 70%) for the 2.3-g. sample, or 60 ml. for the 4.7-g. sample. 
Evaporate to fumes, cover the beaker, and continue to heat at such a rate that 
HCIO 4 refluxes on the sides of the beaker for 15 to 20 min. Cool somewEat, 
add 125 mi. of hot water, stir until salts are in solution, crushing up any lumps 
of silica with a flattened rod. Filter immediately and proceed as in the sulfuric 
acid method. The washing of the paper must be thorough, for residual HC 104 
held in the silicic acid tends to cause popping and loss of material upon sub- 
sequent ignition. 

Alloy Steels: Nickel, Chromium- Nickel, Chromium- Vanadium, and Similar 
Low Alloy Steels Containing no Tungsten and Less than 5% of Chromium . — 
Proceed as with carbon steels. 

High-Chromium Steels (Stainless, 18% chromium, 8% nickel, etc .). — 
Proceed with the perchloric acid method as directed for carbon steels after 
dissohnng in a solution of equal parts of HCl and HNDj. 

Cast Iron, — Proceed as with carbon steel, using 2.336 g. of the sample for 
white irons and 0.9344 g. for gray irons. 

Alloy Cast Irons. — For high chromium-nickel cast irons proceed as with 
carbon steels but dissolve the sample in a mixture of 20 ml. of HCl and 20 ml. 
of HNO 3 . 

COPPER BY THE ELECTROLYTIC OR GRAVIMETRIC METHOD 

Special Solutions Required, Diluted Sulfuric Acid (1 : 9). — Slowly stir 
100 ml. of H 2 SO 4 into 900 ml. of water. 

Acidulated H^S Water. — Saturate 500 ml. of diluted H 2 SO 4 (1 : 99) with 
H 2 S. 

Sodium Hydroxide (5%). — Dissolve 50 g. of NaOII in 1000 ml. of water. 

Procedure. Copper Steels: (a) Preliminary Separation. — Transfer 5 g. of 
the sample to a 600-ml, beaker, add 200 ml. of diluted 1 1 3804 (1 : 9), and heat 
gently until action ceases. Dilute to 350 ml. with water, heat to boiling, and 

** For high-fiilicon alloys, dissolve the sample in 40 ml. of diluted HCl (1 ; 1), care- 
fully oxidize with HNO*, and then add the HCIO 4 . See p. 1422 for precautions when 
using HCIO 4 . 



CHEMICAL ANALYSIS OF IRON AND STEEL 1447 


saturate with H2S as the solution is allowed to cool during the course of 25 min. 
Allow the precipitate to settle, filter on paper or paper pulp, and wash a few 
times with diluted H2SO4 (1 : 99) that has been saturated with H2S. 

Transfer the residue and paper to a 25- or 35-ml. tail-form porcelain crucible, 
ignite at a temperature not exceeding 550“ C., and fuse with 2 to 4 g. of alkaline 
pyrosulfate. Dissolve the cooled melt in 25 ml. of diluted HCl (1 : 9), dilute 
the solution to 100 ml.,^ neutralize with a solution of NaOH (5%), and add 
approximately 0.3 ml. in excess. Boil for 3 min., digest for about 30 min., 
filter, and wash five or six times with a cool solution of NaOH ,(0.5%). 

Dissolve the precipitate in 15 to 25 ml. of hot diluted HNO3 (1 : 3), wash the 
paper with hot water, add 5 ml. of H2SO4 and evaporate until fumes of H2SO4 
appear. Cool the solution, dilute to 40 ml., add an excess of several milliliters 
of NH4OH, and heat to boiling. Allow the precipitate to settle, filter into a 
250-ml. beaker, and wash with hot water. If more than 4 mg. of iron, tin, 
chromium, or other elements precipitable by NH4OH, appear to be present, 
dissolve the precipitate in 15 to 25 ml. of hot diluted HNO3 (1 : 3), and repeat 
the precipitation with NH4OH. Filter and combine the filtrates. The further 
treatment depends on whether the copper is to be determined by electrolysis, 
or by precipitating as the sulfide and igniting to the oxide. The former method 
is to be preferred in analyses of the highest accuracy, and if over 0.25% of 
copper is present. 

(5) Determination of Copper by Electrolysis: Apparatus. — Direct current 
must be provided. The most satisfactory electrodes are platinum cylinders 
made from 50- to 60-mesh, sand-blasted gauze, stiffened by doubling the gauze 
for about 3 mm. at the top and bottom and supported by a platinum stem 
which is flattened and welded the entire width of the gauze. 

Procedure. — Transfer the ammoniacal solution to a 250-ml. beaker, neu- 
tralize with diluted H2SO4 (1 : 1), and add an excess of 5 ml. of diluted H2SO4 
(1:1) and also 4 mi. of diluted HNO3 (1 : 1). Dilute the solution to 200 ml. 
Adjust the anode and weighed cathode, cover the beaker with split watch 
glasses, and electrolyze with a current of 0,5 amp, until the solution becomes 
colorless (about 2 hrs.). Rinse the cover glasses and the exposed stems of the 
electrodes and sides of the beaker. Continue the electrolysis for 30 min. and 
test for complete deposition (0.3 to 0.5 ml. of the electrolyte should not give a 
brown color with 0.3 to 0.5 ml, of freshly prepared H2S-w'ater). When deposi- 
tion is complete, lower the beaker while washing the cathode with a stream of 
water. When free from electrolyte, detach the cathode, dip it in alcohol, 
shake off the excess, and dry for 1 min. at 100° C. Cool in a desiccator and 
weigh. The increase in weight multiplied by 20 represents the percentage of 
copper in the material.^^ 

(c) Determination of Copper by Weighing as Oxide. {Copper less than 
0.2S%). — Neutralize the ammoniacal solution obtained in (a) with diluted 
H 2 SO 4 (1 : 1), add 4 ml. of the diluted acid in excess, and adjust the volume to 
about 100 ml. Heat to boiling and saturate with H2S as the solution cools. 

” If an appreciable amount of silica has separated, it may be removed by filtration 
before proceeding further. 

^ Eleposits of copper may be removed by immersing the cathode in diluted HNOj 
(I : 1), rinsing with water, then boiling with fresh HNOs for 5 to 10 min., rinsing with 
water and then strongly igniting for 10 to 25 min. over one or two large Meker burners. 
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Allow to settle, filter, transfer all the precipitate to the paper, and wash thor- 
oughly with diluted H 2 SO 4 (1 : 99) that has been saturated with HjS. Transfer 
the paper and precipitate to a small porcelain or quartz crucible that has been 
weighed with cover. Heat under good oxidizing conditions until carbon has 
been destroyed, and then ignite to constant weight at 900'’ to 1000° C. Cover, 
cool over a good desiccant, and w'eigh as CuO. If a 5-g. sample was used, the 
weight of CuO multiplied by 16 represents the percentage of copper in the 
material. 

Carbon Steels . — Use a 10-g. sample and proceed as wuth copper steels. 

Alloy Steels . — Most alloy steels may be analyzed as described for carbon 
steels. 

Tungsten Steels . — Treat 5-g. of the sample with 100 ml. of diluted HCl 
(1 : 1). Carefully add 20 ml. of diluted HNO 3 (1 : 1), and boil gently until the 
tungstic acid becomes bright yellow. Dilute the solution to 150 ml. with 
boiling water, digest for a few* minutes, filter and w*ash with diluted HCl (1 : 9). 
Any copper retained in the tungstic acid is recovered as folio w's: Treat the 
residue with NHjOH, add 5 g. of tartaric acid and sufficient HsSO^ to have an 
excess of o ml. per 100 ml. of solution. Treat ^Yith H 2 S, filter and combine 
wdth the main sulfide precipitate. 

Add 15 ml. of H 2 S 04 to the filtrate, evaporate just to fumes of H 2 SO 4 , cool, 
and add 100 ml. of w'ater. If a small residue of tungstic acid separates, filter 
and w*ash with diluted H 2 SO 4 (5 : 95). Add 5 g. of tartaric acid to the clear 
filtrate, neutralize with NH4OH, adjust the acidity to 5% by volume with 
H2SO4, heat to boiling, and pass a rapid stream of H^S into the solution for 10 
to 15 min. Let the precipitate settle, filter, wash, and complete the deter- 
mination as directed for carbon steels. 

Cast Iron . — Dissolve 5 g. of the sample in 100 ml. of diluted H 2 S 04 (1 : 5). 
When solution is complete evaporate to fumes of H 2 S 04 , cool somew^hat, dilute 
to 100 ml. with w*arm W'ater, heat until salts have dissolved, and filter. Wa.sh 
the residue with hot w'ater, dilute the filtrate to 500 ml. with hot water, and 
proceed as w'ith carbon steel. In very accurate work the residue shall be 
examined for copper. 

Wrought Iron and Open-Hearth Iron . — Proceed as with copper steels, 
using 10-g. of the sample. 

COPPER BY THE THIOSULFATE-IODIDE METHOD 

Special Solutions Required. Sodium Thiosulfate {S0 %). — Dissolve 100 g. 
of Na 2 S 203 ‘ 5 H 20 in 100 ml. of water and filter if a residue remains. 

Standard Sodium TJuosulfate . — Dissolve 5 g. of Na 2 S 203 - 5 H 20 in 500 ml, 
of recently distilled water, add 0.1 g. of Na 2 C 03 and dilute to 1 liter. To 
standardize, transfer 0.05 g. of pure metallic copper to a i50-ml. beaker, cover 
and dissolve the metal in 4 to 5 mi. of diluted HNOa (sp.gr. 1.20). Boil gently 
to expel oxides of nitrogen. Cool, add NH 4 OH until the solution just turns 
blue, add acetic acid, etc., and complete the titration as described in the method. 

Starch Solution . — See the determination of Sulfur by the Evolution Method. 

Procedure. Copper Steels . — Transfer 5 g. of the sample to a 600-ml. 
beaker, add 100 ml. of diluted H 2 SO 4 (1 : 9), and heat gently until action ceases. 
Dilute to 250 ml., heat to boiling, add 10 ml. of the solution of NaiSjOa-SlLO 



CHEMICAL ANALYSIS OF IRON AND STEEL 1449 


(50%) and continue the boiling for 5 to 10 min. or until the precipitate settles 
rapidly. Filter immediately, transfer all the precipitate to the paper, and wash 
the paper and precipitate well with diluted H2SO4 (1 : 99) that has been 
saturated with H2S. Place the paper and precipitate in a porcelain or silica 
crucible, dry and ignite at a low temperature (520° to 550° C. ; conveniently in a 
muffle furnace) until all carbon is destroyed. Cool, transfer &e contents of the 
crucible to a 250-ml. beaker. Add 5 to 6 ml. of diluted HNO3 (sp.gr. 1.20) 
to the crucible, warm gently and pour upon the residue in the beaker. Rinse 
the crucible with a little water and warm the beaker and contents until the 
copper oxide has dissolved. Carefully evaporate the solution to a volume 
of 2 to 3 ml. in order to expel most of the acid.®^ Cool, add 90 ml. of water,®® 
and add either 10 ml, of a solution of ammonium bifluoride (20%), or 1 g. of 
sodium fluoride (to prevent interference by ferric iron). Then add NH4OH 
until the solution just reacts alkaline to litmus. Cool the solution to room 
temperature. Acidify with acetic acid (80%) and add 1 ml. of ‘the acid in 
excess. Add 3 to 4 g. of KI which has been dissolved in a little water, stir well, 
and immediately titrate with the standard thiosulfate. Wlien the brown tints 
have nearly disappeared, add 5 ml. of starch solution and continue the titration 
until one drop changes the color from blue to yellowish white, and remains 
permanent for 15 to 20 sec. 

Carbon Steel . — Use 10 g. of the sample and proceed as with copper steel. 

Alloy Most alloy steels may be analyzed as described for copper 

or carbon steels. 

Tungsten Steels . — Treat 5 g. of the sample with 75 ml. of diluted IICl 
(1 : 1). Carefully add 15 ml. of diluted IINO5 (1 : 1) and boil gently until 
the tungstic acid becomes bright yellow. Dilute the solution to 100 ml. with 
boiling water, digest for several minutes, filter, and wash with diluted HCl 
(1 : 9). For recovery of copper held by tungstic acid, see the determination of 
copper in tungsten steels by the electrolytic method.®® 

Add 10 ml. of H2SO4 to the filtrate and evaporate to fumes of sulfuric acid. 
Cool, dilute to 200 ml, heat to boiling, add 60 ml. of the thiosulfate solution, 
boil for 6 min., and complete the determination as described for copper steels. 

Cast Iron . — Dissolve 5 g. of the sample in 100 ml. of diluted H2SO4 (1 : 4), 
When solution is complete, evaporate to copious fumes of sulfuric acid. Cool 
somewhat, dilute to 100 ml with warm water, heat until salts have dissolved, 
filter, and wash the residue with hot water. Dilute the filtrate to 250 ml, heat 
to boiling, add 20 ml of thiosulfate solution, continue the boiling for 5 min. and 
complete the determination as described for copper steels. 

Wrought Iron and Open-Hearth /ron.— Use 10 g. of the sample and proceed 
as described for copper steels. 

3* Alternately, the residue on the paper may be dissolved in hot diluted HNOs (1 : 2) 
and the solution caught in the original beaker, and 5 ml of dUuted sulfuric acid (1 : 1) 
added. Then evaporate the solution to copious fumes, cool, dilute to 50 ml., treat with 
HF, NH4OH, etc., and complete the titration with thiosulfate a& directed. 

“ Since molybdenum interferes partly in this method, it is necessary, if the steel 
contains more tlian 0.25% of molybdenum, to separate the latter from copper by treat- 
ment at this point with NaOH as directed in the electrolytic or gravimetric method. 

“Seep. 1448. 
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NICKEL BY THE DIMETHYLGLYOXIME METHOD 

Special Solutions Required* Dimethylglyoxime Solution (1%). — Dissolve 
10 g. of dime Uiylgly oxime in 1000 ml. of ethyl or methyl alcohol, or 
diluted NH^OH (13 : 7). Ten milliliters of this solution allows sufficient excess 
to precipitate completely 0.015 g. of nickel. The alcoholic solution keeps al- 
most indefinitely; the ammoniacal solution does not keep as well, and no more 
of it should be prepared than can be used in a week. Occasionally NH4OH 
contains impurities which cause incomplete precipitation of nickel. 

Tartaric Acid Solution {25%). — Dissolve 250 g. of tartaric acid in 600 ml. 
of water, filter, add 10 ml. of HXO3, and dilute to 1 liter. 

Procedure. Nickel Steels {O.OS to 2.5% nickel). — Transfer 1 g. of the 
sample to a 400-iul. beaker, cover, and treat with GO ml. of diluted HCl 
(1 : 1).^® Warm until decomposition is complete, and then cautiously add 10 
ml. of diluted HXOj (1 : 1). Boil until iron and carbides arc oxidized and 
oxides of nitrogen have been expelled. Dilute to 200 ml. with hot water. Add 
20 ml. of a solution of tartaric acid (25%), neutralize with XH4OH and add 
1 ml, in excess. Filter if any insoluble matter (such as silica) is present, and 
wash the paper and residue with hot water containing a little XH4OH and 
XH4CI. Add HCl until slightly acid, warm to about 60^ to 80® C. and add 
20 ml. of an alcoholic or ammoniacal solution of dimethylglyoxime (1%). 
Add XH4OH until slightly alkaline, and digest for 30 min. at about 60® C.*’ 

(a) Grat/fmefn'c Method. — Filter through a weighed Gooch crucible under 
light suction, but do not allow the mat to run dry. Wa.sh the precipitate 
thoroughly with hot water. Add 5 ml. of dimethylglyoxime reagent to the 
filtrate and washings, stir, and allow to stand to determine whether precipitation 
is complete. Dr>" the precipitate for 1 hr. at 110° to 120® C., and weigh as the 
salt XiC8Hi404X4 which contains 20.32% of nickel. Porous crucibles or 
crucibles containing glass frit may also be used. If gla.ss frit crucibles arc u.scd, 
it is advisable to allow a thin mat of the precipitate to form before strong suction 
is applied. The precipitate may also be caught on filter paper and ignited at 
about 800® C. to the oxide, XiO. In this case, care shall be taken to prevent 
sublimation of the glyoxime before it is decompo.sed. This is done by enclosing 
the wet paper and precipitate in one or two wet ashless papers and igniting 
so that the papers char before taking fire. 

If appreciable cobalt (over 1%) or copper (over 4%) is present, add sufii- 
cient glyoxime to take care of them as well as the nickel, and preferably repre- 
cipitate the nickel as follows: When the precipitate has been wa.shcd, discon- 
tinue the suction, place the original beaker under the funnel, and add 25 ml. 
of a hot mixture of 20 ml. of diluted HCl (1 : 1) and 5 ml. of HXGj, After 
1 min. apply suction until dry, repeat the treatment with 25 ml. of acid mixture, 

If the steel contain.^ lcs.s than 1% of nickel, 2- or 3-g. sample.^^ may be with 
corr^pondinrfy larger amounts of tartaric acid. For steels contaUung more than 3.5' 
of nickel, either a sample equivalent to about 0.035 g. of nickel, or a suitable alitiuot 
portion of a larger sample may be ased. 

** If the percentage of chromium is hsw than 0.5%, the sample may ho dissolved in 50 
ml. of hot diluted HXOj (1 : 3). 

" If the amount of nickel is small (under 0.2%), or if much cobalt is present, tlir 
solution should be allowed to stand at room temperature overnight and filtered c(»ld. 
In routine analyses involving more than 2 mg. of nickel and no appreciable amounts (tf 
cobalt, the solution may be filtered within 5 min. after adding the glyoxime and stirring 
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drain, and wash thoroughly with 50 ml. of hot water containing 1 g, of tartaric 
acid. Nearly neutralize the absolutely clear solution with NH4OH and pre- 
cipitate with dimethylglyoxime and NH4OH as before. A glyoxime precipitate 
contaminated by cobalt is a darker red than a pure nickel dimethylglyoxime. 

(&) Electrolytic Method . — Occasionally in umpire analyses, and with high- 
nickel steels the determination is best completed by the electrolytic method 
as follows: Filter the nickel dimethylglyoxime precipitate on a 12 or IS-cm. 
paper and wash thoroughly 18 to 20 times with hot water. Dissolve the 
precipitate in hot diluted HNO3 (1 : 3) and wash the filter thoroughly with hot 
water. Add 20 ml. of diluted H2SO4 (1 : 1) and evaporate to strong fumes of 
sulfuric acid. Cool somewhat, add 10 ml. of HNO3, and repeat the evaporation 
to fumes. Rinse the cover and sides of the beaker with water and fume the 
solution again to insure the expulsion of every trace of the HNO3. Cool, add 
50 ml. of cold water, and heat until salts are dissolved. 

Neutralize with NH4OH and add an excess of 25 ml. of NH4OH. Dilute 
to 175 ml. and electrolyze with a current of from 1 to 2 amp. using a weighed 
platinum gauze cathode and a spiral platinum anode. Continue the electrolysis 
until the solution has become colorless (5 to 8 hrs.). The solution may be 
tested for complete electrolysis by adding one or two drops of it to 1 ml. of 
a solution of potassium thiocarbonate.'^® A pink or red color indicates the 
presence of nickel- Without interrupting the current, wash the cathode with 
cold water as it is withdrawn from the solution. Dip the cathode into a beaker 
of water and then into alcohol, dry for a few minutes at 100° C., cool, and weigh. 

The increase in weight of the cathode multiplied by 100 and divided by 
the weight of the sample taken gives the percentage of nickel in the sample. 
In very accurate work, dissolve the deposit in warm HNO3, wash the cathode 
with water, then alcohol, dry for a few minutes at 80° C., and reweigh. 

High-Chromium High-Nickel Steels (20% chromiumy 20% nickel; 18% 
chromiumj 8% nickel^ etc .). — Transfer 0.35 to 0.5 g. of the sample to a 400-ml. 
beaker, and treat with 20 ml. of diluted HCl (1:1) and 20 ml. of diluted HNO3 
(1:1). Heat until solution ensues, add 15 ml. of diluted H2SO4 (1 t 1), and 
evaporate just to light fumes (for low-carbon, low-silicon alloys this latter step 
may be omitted) . Cool somewhat, and add 100 ml. of water. Warm until salts 
dissolve, filter, and proceed as directed for nickel steels, sufficient dimethyl- 
glyoxime being added to precipitate all of the nickel (20 to 40 ml. of a 1% 
solution) . 

Carbon Steels, and Other Steels with less than 0.05% Nickel . — Transfer 
5 g. of the sample to a 400-ml. beaker, add 40 ml. of diluted HCi (1 : 1). Heat 
until solution ensues and then carefully add 15 ml. of diluted HNO3 (1 : 1). 
Evaporate to a volume of about 15 ml. and add 50 ml. of diluted HCl (sp.gr. 
1,12). Transfer to a 200- ml. separatory funnel, rinsing the beaker with 
several 15-ml. portions of the diluted HCl (sp.gr. 1.12). Cool to 10° C., add 
120 ml. of ether, and carefully shake for 1 to 2 min. in a stream of cold water. 
Let settle for several minutes and then draw off the lower clear solution into 
the original beaker. Gently heat the solution in the beaker to expel the ether 
(avoid free flames), add 0.3 g. of KCiOs, boil until the chlorate is decomposed, 

Prepared by saturating one-half of a solution of KOH (5%) with HjS, adding the 
other half, and heating moderately with one twenty-fifth of its volume of CS2. The dark 
red liquid is decanted from the undissolved CSs and kept in a well-closed flask. 
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dilute to ICO ml., and add 3 g. of tartaric acid. Make the solution alkaline 
with NH4OH and filter. Acidify with HCl and complete the determination* 
as directed for nickel steels. 

Cast Irons. — Dissolve 5 g. of the iron in 40 ml. of diluted HCl (1 : 1), 
carefully add about 15 ml. of diluted HNO3 (1 : 1) to oxidize the iron, and 
evaporate to dryness. Drench, the hot dried mass with 10 ml. of HCl and 
then dilute with 75 ml. of hot water. Filter, wash with diluted HCl (sp.gr. 
1.12) and evaporate the filtrate to a syrupy consistency. Add 50 ml. of diluted 
HCl (1 : 1), transfer to a 200-ml. separatory funnel, rinse the beaker with 
several small portions of the diluted HCl (1 : 1), add 120 ml. of ether, and 
complete the determination as directed for carbon steels. 

High- Nickel Chromium Alloy Cast Irons {15% nickel, 6% copper, 2% 
chromium, etc.). — Transfer a 2.5-g. sample to a 400-ml. beaker or flask and 
treat with a mi.xture of 25 ml. of HCl and 25 ml. of HNO3. When solution is 
complete add 30 ml. of HCIO4, 5 to 10 drops of HF, and fume for 10 to 15 min. 
after the chromium has been oxidized. Cool somewhat, add 100 ml. of water 
and heat to boiling. Filter and wash w'ell with diluted HCl (5 : 95), catching 
the filtrate and washings in a 250-ml. volumetric flask. Mix the contents, 
cool to room temperature, adjust to the mark and mix thoroughly. Pipette 
out 50-ml. aliquot portions and proceed by the glyoxiine-elect roly tic mctliod 
as directed for nickel steels. Either dissolve and reprecipitate the nickel gly- 
oxime, or determine any occluded copper in the deposit and correct for same. 

Open-Hearth Iron. — Proceed as with carbon steels. 

Wrought Iron. — Proceed as with carbon steels. 

Nickel Wrought Iron. — Proceed as with nickel steels, but di.^solve the first 
glyoxime precipitate and again precipitate nickel with dimethylglyoximc as 
directed in the procedure with cobalt steels. 


NICKEL BY THE CYANIDE TITRATION METHOD 

Special Solutions Required, Sulfuric-Citric Acids. — Dis.solve 200 g. of 
citric acid in a cooled mixture of 100 ml. of 112804 and 900 ml, of water. 

Standard Silver Nitrate Solution. — Dissolve 5.789 g. of AgNOa in water 
and dilute to exactly 1000 ml. Each 1 ml. of this solution i.s equivalent to 
0.001 g. of nickel. 

Standard Potassium Cyanide Solution. — Dissolve 4.5 g, of KCN in 1000 
ml. of water containing 1 g, of KOH. Standardize against a steel of known 
nickel content by applying the method described in the procedure below. The 
cyanide changes with age so its titer should he checked frequently. 

Procedure, (a) Direct Titration. — This method is not applicable to steels 
containing copper, cobalt or more than 1% of tungsten. Copper reacts like 
nickel, and divalent cobalt not only consumes cyanide but also causes trouble in 
obtaining an end point. A fairly satisfactory end point, representing both 
nickel and cobalt, can be obtained by first oxidizing the cobalt in ammoniacal- 
citrate solution to the trivalent state with NaCi03. 

The residue sometimes contains appreciable amounts of nickel. This may be 
recovered by imiting, treating with HF, evaporating and fusing the residue with a small 
amount of dissolving and adding to the main solution. 
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Nickel Steels . — Transfer 1 g. of the sample to a 400-raL beaker, treat with 
20 ml. of diluted HNOg (1 : 1) and heat until solution is complete.'^^ Add 10 
ml. of a solution of (NH4)2S208 (15%), and boil for 5 min. Cool, and add 50 
ml. of the sulfuric-citric acid solution. Immediately add NH4OH until the 
solution assumes a greenish tint, dilute to 200 ml, and complete the neutraliza- 
tion as follows: A.dd exactly 2 ml. of the standard AgNOa, and, if no precipitate 
appears, add diluted HCl (1 : 10) until a precipitate of AgCl forms. Then add 
diluted NH4OH (1 : 1), dropwise, with constant stirring until the precipitate 
just dissolves. Add 3 ml. of NILOH (sp.gr. 0.90), 2 ml. of a solution of KI 
(10%), and titrate with standard KCN with continuous stirring until the 
solution becomes perfectly clear. Determine the volume of KCN equivalent 
to exactly 2 ml. of the standard AgNOa. Subtract this quantity from the 
volume of KCN and multiply by the nickel titer of the cyanide solution. 

(5) Following a Preliminary Precipitation by Dimethylglyoxime . — This 
method may be applied to steels containing cobalt, copper and tungsten. 
The silver and cyanide solutions are the same as described in (a) but instead 
of standardizing these solutions against a standard steel the theoretical titer 
of AgNOs is taken as standard and the equivalent of the KCN is found by 
titration in a water solution containing no iron or citrate. 

Nickel Steels . — Precipitate the nickel in a 1-g. sample as described for 
nickel steels by the dimethylglyoxime method.^® Dissolve the washed pre- 
cipitate with a hot mixture of 20 ml. of diluted HCl (1 : 1) and 5 ml. of HNO5 
in a 400-mI. beaker.^^ Evaporate the solution to 50 ml. or until free from 
dimethylglyoxime and oxidizing gases. Cool the solution, dilute to 150 ml., 
add exactly 2 ml. of the standard AgNOa, neutralize with NH4OH, and com- 
plete the titration as described in (u). 

(c) Following a Preliminary Extraction with Ether . — This method is not 
applicable to steels containing cobalt, or more than 1% of tungsten. 

Nickel Steels . — Transfer 1 g. of the sample to a 150-ml. beaker, cover, and 
treat with 20 ml. of diluted HCl (sp.gr, 1.12), When reaction ceases, carefully 
add 4 ml. of diluted HNO3 (1 : 1), and boil to expel oxides of nitrogen. Cool, 
transfer the solution to a 200-ml. separatory funnel, and rinse the beaker with 
diluted HCl (sp.gr. 1.12). Cool to 10° C., add 40 ml. of ether (perform this 
operation away from open flames or hot plates), shake gently for a few minutes, 
let settle for 2 min., and draw off the acid layer into a 250-ml. beaker. Add 
5 ml. of diluted HCl (sp.gr. 1.12) to the ether portion. Cool, shake, let settle 
for 1 min., draw off the acid layer and add it to the main extract. Heat gently 
to expel dissolved ether, add 0.2 g. of KCIOa, and boil until the chlorine is 
driven off. Dilute to 100 ml. with water, neutralize with NH40H, add an 
excess of 3 to 4 ml. and boil for a few minutes. Filter and wash with hot water. 
To the Oltrate, add 10 ml. of HCl, heat just short of boiling, and treat with H2S. 
Filter and wash with acidulated IDS water. Boil to expel HjS, dilute to 200 ml., 
neutralize with NH4OH, and proceed with the titration as described in (a). 

« If the steel contains more than 1 % of chromium, decompose the sample in 20 ml. 
of diluted H^O* (1 : 4), oxidize by carefully adding 5 ml. of HNOj, boil for 5 min,, cool, 
and add the sulfuric-citric acid mixture. 

See p. 1450. 

** If the steel contains more than 4% of copper, or 2% of cobalt, the nickel should be 
reprecipitated with glyoxime. See dimethylglyoxime method, 
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Carbon Steels.- — Transfer 5 g. of the sample to a 400-ml. beaker, add 40 ml. 
of diluted HCl (1 : 1). Heat until solution ensues, then carefully add 15 ml. 
of diluted IINO3 (1 : 1). Evaporate to a volume of about 15 ml., add 50 ml. 
of diluted HCl (I : 1), and extract with 120 ml. of ether as directed for carbon 
steels by the dimethyl glyoxi me method. Heat the acid extract gently to expel 
dissolved ether, add 0.3 g. of KCIO3 and complete the determination as described 
in (c). 

Cast Irons. — Dissolve 5 g. of the iron in 40 ml. of diluted HCl (1 *. 1), care- 
fully oxidize with HXO3, and evaporate to dryness. Dilute, filter and extract 
with ether as directed for carbon steels by the dimethylgly oxime method. 
Complete the determination as described in (c). 

CHROMIUM BY THE PERSULFATE OXIDATION METHOD 

Special Solutions Required. Sulfuric-Phosphoric Acid Mixture. — Mix 320 
ml. of diluted H2SO4 (1 : 1), 80 ml. of H3PO4 (SoCcl and 000 ml. of water. 

Silver Nitrate {!%)■ — Dissolve 10 g. of AgNOs in 1000 ml. of water. 

Ammonium Persulfate up as needed by dissolving 15 g. of 

the salt in 100 ml. of water. 

Standard Potassium Permanganate Solution (0.06 N, approximately). — Dis- 
solve 2 g. of KMnO^ in 1000 ml. of water. Let age for 1 week or more. Filter 
through purified asliostos and standardize again.^t tlie National Bureau of 
Standards’ standard sample 40c of .sodium oxalate as follows : Transfer 0.2 g. 
of the standard sodium oxalate to a 400- ml. beaker. Add 150 ml. of diluted 
H2S04 (.5 : 95), previously lioiled for 10 to 15 miii. and then cooled to 27° C. 
±3° C. Stir until the oxalate has dissolved. Add 40 to 42 ml. of the KMnOi 
(0.06 N) at a rate of 25 to 35 ml. per min., while .stirring slowly. Let stand 
until the pink color disappears. (If the pink color should jxusist because the 
permanganate is too strong, discard, and begin again, adding a few less milli- 
liters of the KMoGa solution.) Heat to 55® to 00® (‘. and complete the titration 
by adding permanganate until a faint pink color persists for 30 sec. Add the 
last 0.5 to 1 ml. dropwise, with particular care to allow each drop to l>ecome 
decolorized before the next is introduced. Determine the excess of perman- 
ganate required to impart a pink color to the .solution by matching the color 
in another beaker containing the .same amount of the specially treated diluted 
HaSO^ at 55° to 60° C. One milliliter of e.xactly 1 N KMn04 is equivalent to 
0.01734 g. of chromium. 

Standard Ferrous Sul/jfe.— Dksolvc 32 g. of Fe804(NH4)2S04*6H20 in 
a cool mixture of 50 ml. of lUSOi and 950 ml. of water. To obtain the ratio 
of the FeS04 solution to the KMnOj solution, take 25 ml. of the former, dilute 
to 350 ml. with cool diluted H 281)4 (5 : 95), add 2 ml, of H.,P()4 and titrate 
with KMn04 solution to a faint permanent pink tint. Determine the blank 
on the same volume of water and acids, deduct, and calculate the volume of 
KMn04 solution which is equivalent to 1 ml. of the Fc804 solution. The 
ratio of the Fe804 solution to KMnOi must be determined daily unless the 
ferrous solution is kept under hydrogen. Stronger solutions of Fe804 and 
KMnO^ may, of course, be i)repared for use with high-chromium steels. Ap- 

«Scep. 1451. 
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proximately 0.1 N solutions are desirable with material containing over 3% 
of chromium. 

Procedure. Chromium Steeh. — With steels containing less than 2% of 
chromium, transfer 2 g. of the sample to a 600-ml. beaker and add 60 ml. of acid 
mixture. Heat until action ceases, cautiously add 10 ml. of diluted HNO3 
(1 : 1), and boil until all carbides are dissolved and oxides of nitrogen are 
expelled. With steels containing between 2 and 5% of chromium, dissolve 1 g. 
of the sample, evaporate until salts separate, dilute with about 50 ml. of warm 
water, add 5 to 10 ml. of HXO3, and again carefully evaporate until salts 
separate. If carbides still persist, filter, wash the paper with warm water, 
ignite the paper and residue, fuse with sodium carbonate, and add the solution 
of the melt to the main solution. After the sample is completely dissolved 
dilute to 300 ml. with hot water and add 5 ml. of the AgXOs (1%) and 20 ml. 
of the (NH-d-iHoOs (15%). Boil the solution for 8 to 10 min. If the color of 
KM11O4 does not develop add more AgNOa and (X 114)28208 and again boil for 
10 min. Add 5 ml. of diluted HCl (1 : 3) and continue the boiling for 5 min. 
after the pink color has just disappeared. If the KMn04 is not de.stroyed by 
boiling for 10 min., or if a precipitate of Mn02 remains, add 2 to 3 ml. more of 
diluted HCI (1 : 3) and lioil as before. The total period of boiling after the 
addition of (XID^SjOs shall not be less than 15 min. ; 30 min. will do no harm."*^ 
C‘()ol the .solution, dilute to 400 ml,, and add a measured volume of the standard 
FeSOi solution (25 ml. for less than 1.5% chromium steel, 50 ml, for l.o to 3% 
chromium, etc.). Stir and titrate with the standard KMn04^^ until an end 
point is obtainofl which is permanent upon continued stirring for 1 min.'*^ The 
titration must be corrected for dilution effect and color interference. The 
correction may be made (I) empirically; (2) by titrating the same volume 

Chromium (and vanadium) may also he oxidized to Cre (and Vs) with hot concen- 
trated IICK)4. iSee p. 1422 for precautions when using UnJcs.s special precau- 

tion.s are taken, oxidation of eliromiuni does not quite reach 100%. The oxidation pro- 
cedure is as follows: Transfer the sample (depending on the chroniium content, 0.5 g. for 
stainless and 2 g. for 1 to 3^, 0 chromium steels) to a .500-mI, tail-form beaker (PjTex) or 
500-inl. Soxhlet fla.'^k (Pyrex) and cover with a watch glass. If a flask is used the watch 
gla.ss should be raised by a small glass hook to avoid subsequent formation of a liquid 
seal. A stirring rod placed inside the veaseks will also prevent bumping tendencies. 
Add 20 to 25 ml. (dpj)endiiig on the weight of the sample) of percUoric acid (60%). A 
to('hnical grade of acid i.s siUisfactor}’ and cheaper. Warm until the steel is dissolved and 
boil gently fijr 20 rnin. Cool rapidly, by immersing the ve&sel in cold water for one- 
fourth of a .second, withdraw rapidly, and tiicn immerse a second time and swirl for 8 
to 10 see. Add an oqiiiil volume of water and boil 3 min. to remove chlorine. Cool, 
dilute to 200 to 250 ml., and titrate with FeS04~KMn04 as directed. 

In the absence of tungsten, the end ix)int may bo obtained by potent iometric titra- 
tion with .stan(lard FeSO* solution. In this case, the ferrous solution is standardized 
with reerystallized KjCrjfb. \anadiuru is included in this titration. If present, it 
must be determined and subtracted from the apparent chroniium value (vanadium, 
pt‘r cent X0.339 = chromium, iwr cent). With tungsten steels the potent iometric pro- 
cedure is modified by omitting H jP()« ami oxidizing tungsten to tungstic acid with IIXO3 
(when HjPO^ is a<ide<I to hold tungsten in solution the poteiitio metric end point with 
K‘S()4 is difTicdit to detect). 

In the absence of vanadium the first end point is permanent, but if vanadium is 
present, the end |>oint will fade at first, owing to the slow oxidation of vanadium from 
the quadrivalent to the nuinquevulent stage in a cold solution. 

** In this correction the dilution effect is ignored and the volume of KMn04 used in 
overcoming the green color is taken jus equivalent to 0.6% of the cliromium present. 
The correction is usually applied to the titer of the solution, as, for example, by using the 
titer 0,01744 g. of chromium instead of 0.01734 g. per milliliter of 1 A- solution. 
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of FeS04 solution in a solution of like volume and acidity and containing the 
same amounts of the coloring elements in their final valencies; or (3) by a 
second titration of the final solution. The last is the most convenient and 
satisfactory in occasional analyses, and may be performed by boiling the 
solution which has just been titrated for 10 min. in order to destroy the slight 
excess of permanganate, cooling to room temperature, and then titrating with 
KMnO^ to the color that was originally taken as the end point. The solution 
can be used for the determination of vanadium.®*^ 

Chromium in 2-g. sample, per cent = (A X.B) — (C — D) X50 E 

where A = the volume of FeSOa solution, 

5 = the volume of KMn04 solution which is equivalent to 1 ml. of^'eS04 
solution, 

C = the volume of KMnOi solution, 

Z) = the correction for the end point, and 
E = the chromium titer of the KMn04 solution. 

If the solutions are equivalent and a 2-g. sample is used, calculate the 
chromium as follows : 

Chromium in 2-g. sample, per cent = A — ( C — /)) X 50 E 

High- Chromium High- Nickel Steels . — Transfer 0.5 g. to a GOO-ml. beaker 
and treat with 75 ml. of diluted H2SO4 (I -4). When solution is complete 
evaporate to salts, cool, dilute to 70 ml., and dissolve the iron salts. Oxidize 
the iron by the cautious addition of HXO3. Add 3 to 4 drops of HF and again 
evaporate just to salts. Cool, dilute to 300 ml, with hot water, add 10 ml. of 
the AgXOj solution, lo g. of (XH 4)2^5208, and boil the solution for 10 to 12 min. 
Add 5 ml. of diluted IICl (1 : 3) and complete the determination as in chromium 
steels. Stronger solutions of FeS04 and KMn04 are more convenient for use 
wuth high-chromium steels. 

The xdsual end point in high-chromium steels can be detected more easily 
when oxidation-reduction indicators are u.sed, that Ls, ortho-phenanthroline 
ferrous complex for the FeS04-K2Cr207. With o-phenanthroline (1 to 2 drops 
of the 0.025 Molar indicator) the end point in the FeS04-KMn04 titration is 
indicated by the change in color from pink to clear green (permanent for 60 
sec.). With diphenylaminesulfonic acid, the chromic acid is titrated with the 
FeS04 solution to a clear green end point. The FeiS04 solution in this case is 
standardized either on a standard chromium steel or pure K2Cr207, Vanadium, 
if present, will also be titrated as in the potcntiomctric method. When 
o-phenanthroline is u.sed the vanadium may be determined in the same solution, 
after the initial end point is obtained, by reducing the acidity of the .solution 
with sodium acetate and titrating slowly at 50° C. with the standard KMn04 
(0.05 N) to the green end point. 

Carbon Steels and Other Steels with less than 0.15% Chromium. — Transfer 
10 g. of the sample to a 500-ml. Erlenmcyer flask, add 110 ml. of diluted 

“ See the Determination of Vanadium in Chromium-Vanadium Steels by the Ferrous 
Sulfate-Potassium Permanganate Method, p. 1469, 

“ Larger or smaller samples may be taken, but the volume of acid shall be varied 
accordingly. A good rule to follow is to ase the equivalent of 1 ml. of concentrated 
H:304 for each 1 g. of steel and then 1 ml. in excess. 
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H2S04 (exactly 10% by volume). Heat to boiling, boil until reaction is com- 
plete and then dilute with 100 ml. of boiling water. Add a solution of NaHCOi 
(8%) from a burette until a permanent precipitate appears (approximately 
36 ml. with carbon steels) and then 4 ml. in excess. Boil for 1 min., let settle, 
filter on a rapid filter, and quickly wash the flask and precipitate two or three 
times with hot water. If the precipitation has been properly performed, there 
will be no more precipitate than can be conveniently bandied on an 11 -cm. 
paper. The filtrate will become cloudy in the funnel stem and in the receiving 
vessel on account of oxidation and hydrolysis. Ignite the residue in a nickel 
or iron crucible {free from chromium) and fuse with ten or twelve times its 
volume of NasOa (free from chromium). Dissolve the cooled melt by immers- 
ing it jn 100 ml. of cold water, remove the crucible, add 1 g. of Na202 and boil 
for 5 to 10 min. or allow to stand on the steam bath for 30 min. Filter through 
an asbestos pad/^ preferably on a small Biichner funnel, and wash with a cold 
solution of NaOH (2%) containing 1% of Na2S04- Dilute to a measured 
volume and compare the color with a standard solution of KaCraO? containing 
approximately the same concentration of chromium and alkali. 

To prepare the standard solution, dissolve 0.283 g. of KiCfiO? in water and 
dilute to exactly 1000 ml. Each 1 ml. shall correspond to 0.1 mg. of chromium. 
When these solutions are used, they shall be made alkaline to compare with the 
solution under test. Solutions containing from 2 to 10% of NaOH and 1 mg. 
of chromium per 100 ml. are suitable for the colorimetric comparisons. 

If the color of the unknown solution is too deep for convenient colorimetric 
comparison, the solution may be boiled thoroughly to decompose all the per- 
oxide, acidified, and one of the titration procedures applied. 

Cast Iron {less than 0.1S% chromium). — Proceed as with carbon steels. 

Cast Iron {over 0.1S% chromium). — Transfer 2 g. of the sample to a 600-ml. 
beaker and add 00 ml. of the sulfuric-phosphoric acid mixture. Heat until 
action ceases, add 15 ml. of diluted HNO3 (1 ' 1) and boil until the oxides of 
nitrogen are expelled. Evaporate until salts separate, dilute with about 50 ml, 
of warm water and digest until salts are dissolved. Filter and wash the paper 
with warm water. If chromium is less than 0,75%, the residue will be practi- 
cally free from chromium. To recover any insoluble chromium, ignite the 
paper and insoluble matter until all carbon is consumed. Treat the residue with 
HF and ILSO^, fuse with Na2C03, and add the solution of the melt to the main 
solution. To the latter add 5 ml. of the AgNO^, dilute to 300 ml. with boiling 
water and complete the determination as directed for chromium steels. 

High- Nickel Chromium Alloy Cast Irons {1S% nickel, 6% copper, 2% 
chromium, e/c.). —Transfer 2 g. of the sample to a 500-mI. Erlenmeyer flask 
and add 20 mi. of a mixture of equal parts of HCl and HNO3. Heat until 
action ceases. Then add 15 ml. of HC104 (60%), 5 drops of HF and evaporate 
to fumes on a hot plate. Fume 1 to 2 min. over an open flame and then 10 min. 
more on a hot plate. Cool .somewhat, add 50 ml. of water and transfer to a 
600-mI, beaker. Add 20 ml. of H2S04, dilute to 300 ml. and complete the 
determination by the persulfate-silver nitrate method. 

Open-Hearth Iron. — Proceed as with carbon steels. 

Wrought Iron. — Proceed as with carbon steels. 

” Asbestos is more satisfactory than filter paper. If paper is used, it shall first be 
thoroughly washed with a solution of NaOH (5%) in order to remove soluble organic 
matter. 
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VANADIUM BY THE ELECTROLYTIC SEPARATION METHOD 

Special Solutions Required. Diluted Sulfuric Acid {1 : 9). — Slowly stir 
100 ml. of into 600 ml. of cool water, cool, and then dilute to 1000 ml. 

It is important tliat this acid be of the indicated strength. 

Sodium Bicarbonate (8%). — Dissolve 80 g. of NaHCOa in 1000 ml. of water. 

Potassium Ferricyanide. — Prepare a very dilute solution as needed, by 
dissolving a crystal the size of the head of a pin in 25 ml. of water. 

Standard Potassium Permanganate. — Prepare as described under the 
determination of chromium in chromium steels by the persulfate oxidation 
method. 

Procedure. Vanadium Steels. — Transfer 2 g. of the sample to a 300-ml. 
Erlenmeyer flask, and add 30 ml, of diluted (exactly 10% by volume). 

When action is complete, dilute to 100 ml. with boiling water and heat to 
boiling. Agitate gently while adding \aiICO3 solution from a burette until 
a permanent precipitate is formed, and then a<id 4 ml. more. Cover the flask, 
boil for 1 min,, and let the precipitate settle. Filter rapidly, conveniently by 
moderate suction through a cone and paper containing some paper pulp, and 
wash the flask and precipitate four or five time.s with hot water. The filtrate 
will become cloudy in the funnel stem and receiving vessel because of oxidation 
and hydrolysis of the iron, but this is of no c<msequence. Place the paper and 
precipitate in the original flask, add 20 ml. of IINO.^, .shake until the paper has 
broken up, and add 5 ml. of Heat over a free flame until fumes of 

H-jSOi are given olT. Cool, and, if organic matter is still ])resent, add more 
HXO 3 and repeat the treatment. Finally cool, wasli down the flask, and 
evaporate until it is certain that HXO3 has Ijoen com])letely expelled. Cool, 
dilute to 40 ml.,^^ neutralize the solution with NILOH, add H-SCE till acid and 
then add an excess of 0,5 ml. per 100 ml. of solution. Transfer the solution to 
the electrolyzing apparatus, rinsing the flask with small portions of water. 
The electrolysis may be performed with a mercury catl\ode in (1) a s})ecial 
modified funnel.^^ (2) in an ordinary beaker with a sealed-in platinum wire, or 
(3) in an ordinary beaker with the cathode wire enclosed in a glass tul)e extend- 
ing into the mercury. In any case, the cathode wire shall !)c cinhedded in 

^ If tungsten is present, the solution must be filtered, the tungstic arid washed with 
diluted H^SO^ (1 : 00) its vanadium content fietei n\ined enUu inuUrically and luldetl to 
that found by titration. The colorimetric test .shall he made as follows. Dis.st)lvc the 
tungstic acid in a solution of XaOH, or fii^e the ignite<l impure oxith; with NajCOi ami 
extracit the melt with water. Filter if nf}t clear, and dilute to 75 to 100 ml. Add 
H3P04 (sp.gr. 1.37) until acid, then a 5-ml. excess, and let stand for 1 to 2 hrs. Compare 
the yellow solution of vanadotungstic at’ id with a standard prepared by adding from a 
burette a standard solution of vanadotungstic acid to water until the intensity of color 
in the solution is the same when the solutions are of equal volume. The standard solution 
of vanadotungstic acid shall be prei>ared a,s follows: Dissolve 2.5 g. of sotlium tvmgsiate 
arid enough swiium vanadate to give exactly 0,05 g. r)f vamulium in 100 ml. of water. 
Dilute to 200 ml., add 25 ml. of H jPO* (sp.gr. 1.37), and dilute to exactly r)00 ml. Am- 
monium salts cannot he u.sf,‘d a.s they give rise to turbid Holulifins, If only ammonium 
vanadate is available, dissolve it in water, exjiel all ammonia by boiling with a slight 
exceas of XaOH, and acidify with H?P04. 

The vanadium held by the tungsten approximates 0.01 mg. of vanadium per 0.0! g. 
of tungsten and, in routine analyses, the correct if>n is made by i’alculation, that is, 
0.018% vanadium is sirlded for an 1H% tungsten steel. 

^ Melaven cell, s<!e A. 8. Melaven, “Electrolytic C.ell for Use with the Mercury 
Cathode," Indu.striat and Engineering Chemistry, Analytical Iiklition 2 , p. 180 (1930). 
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about 200 g. of mercury, and the solution electrolyzed using a current density 
of approximately 0.16 amp, per sq. cm. as the solution is stirred or agitated. 
Continue the electrolysis until iron is absent as indicated by a ferricyanide 
test on a small drop of the electrolyte. This should not require more than 45 
min. When all the iron has been removed, draw off the electrolyte, and wash 
the mercury two or three times with water while the current is continued. 
In these operations care shall be taken to prevent any amalgam from passing 
into the electrolyte.^® Add 2 to 3 ml. of diluted ILSO4 (1 : 1), heat to 70^^ 
to 80® C., and add KM 1164 solution until a strong pink color appears. Heat to 
boiling, and pass a current of SO 2 into the solution until the vanadium is 
reduced (2 to 5 min.).” Continue the boiling, and pass a rapid stream of CO 2 
(free f^om O2) until the solution is free from SO2. This may be ascertained by 
pa.s.sing the gas Issuing from the flask into 5 ml. of water containing a drop of 
diluted H2SO4 (1:1) and enough KAIn04 to give a faint pink tint. Cool the 
solution to 60® to 80® C., and titrate with the KMn04 (0.03 X). Repeat the 
reduction and titration until concordant results arc obtained. Correct the 
titration by a blank determination (usually amounting to about 0.1 ml.) of 
the KMn04 (0.03 X) on a solution of like volume and acidity. To obtain the 
percentage of vanadium, multiply the corrected volume by the vanadium titer 
of the solution, multiply by 100, and di\ide by the weight of the sample. 

Carbon Steels, — Proce(‘d as witli vanadium steels but treat 5 g. of the sample 
with 60 ml. of diluted H-jS04 (exactly 10% by volume). 

Cast Iron . — Proceed as with carbon steels. 

Open-Hearth Iron . — Proceed as with carbon steels. 

Wrought Iron . — Proceed as \\ith carbon steels. 


VAXADIUM BY RKDUCTIOX WITH FERROUS SULFATE AXD 
TITRATIOX WITH PERMAXGAXATE 

Special Solutions Required. — See the special solutions required in the 
determination of Chromium by the Persulfate Oxidation Alethod. 

Procedure. Chromium-Vanadium Steels . — After the determination of 
chromium, by the persulfate oxidation method, add 5 ml. of H3PO4 (85%), 
unless the solution already contains it, and then add 15 ml. of a solution of 

“ To clean tiie mercury, transfer it to a large fliisk, add diluted HXO 3 (1:9) con- 
taining a little XaXOj and agitate the incrcui y by drawing air through it for several 
hours. Remove tlie acid, arid a fresli portion of acid, and agitate again. Draw off the 
second portion of acid, add water and repeat tlio agitation. Repeat the treatment with 
water to remove all acid. 

“ With chromium steels it is usually iioccs.siiry, because of the brittle chromium 
amalgam, to ^tcr the elect rolvtc through a rapid filter and wash with water. 

The <lirect of a solution of II 28 O 3 or an alkali sulfite is unwise unless it has been 
freshly prepared, for after a lai)se of time they contain oxidizable bodies other than 
sulfurous acid or sulfite. Sulfur dioxide is most converiiently used from a cylinder of 
the liquefied gas, nr it may be obtained a.s wanted by heating a flask containing a solution 
of ILSO 3 or a vsulfite to which diluted ILS 04 ( 1 : 1 ) is added. 

Where apparatus for potentiometric titrations is available, oxidation with HIVOj 
is a very satisfactory metnod for the determination of vanadium, particularly for 
^•hromium-tungsten-vanmlium steel. Tlie sample is treated with 100 ml. of diluted 
1 I 2 ‘S ()4 (1 : 4) and then with HNOj to oxidize iron (and tungsten). After dilution to 
2()0 ml. and addition of 40 ml. of HXOj (sn gr. 1.42), the solution is boiled for 3o to 45 
min., cooled, and titrated potenliometricalJy with LeS 04 . 
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FeS04 (0.03 N approximately) (1 ml. will reduce 0.0015 g. of vanadium) if 
vanadium is under 0.8%, and proportionately more if the percentage exceeds 
this amount. If enough has been added, a drop of the solution will give im- 
mediately a blue color with a drop of fresh K3Fe(CN)6 solution. Stir the solu- 
tion thoroughly, add 8 ml. of a freshly prepared solution of (NH4)2S20* (15%), 
and stir for 1 min. Titrate with the KMn04 (0.03 N) to a definite pink tint 
which does not fade upon continued stirring for 1 min. Subtract the same 
blank as was determined in the determination of chromium in chromium 
steels.®* 

If a correction for the end point has not been determined in a prior deter- 
mination of chromium, or if the chromium value is unknown and an empirical 
correction is therefore impossible, the blank shall be obtained at this point as 
follows : Boil the solution for 10 to 12 min. to destroy the slight excess of KMnOi, 
cool to room temperature and titrate with the KMnO* solution to the same 
tint as was obtained before. The volume required represents the blank.®® 
The vanadium may then again be reduced by an excess of FeS04 and the 
solution treated with (NH4)2S20g, etc., as a check on the first. The percentage 
of vanadium is calculated by multiplying the corrected volume of FeSOi 
solution by the vanadium titer of the solution, dividing by the w eight of sample, 
and multiplying by 100. 

ChTomium-Tungsten-Vanadium Steels , — Transfer 2 g. of the sample to 
a 600-ml. beaker, and add 100 ml. of diluted H2SO4 (1 : 9). Heat until action 
ceases, add 10 ml. of diluted HNO3 (1 : 1) and 4 ml. of diluted HCl (1 ; 1) 
and boil the solution gently for about 30 min. or until the tungsten has been 
oxidized to yellow tungstic acid. Stir frequently to break up the film adhering 
to the sides and bottom of the beaker. Dilute to 100 ml., filter through a light 
filter paper and w’-ash w'ith diluted H2SO4 (1 : 200).®* Dilute the filtrate to 
300 ml., add 5 ml. of H3PO4 and then KMn04 until the solution i.s pink. From 
this point proceed with the addition of FeSOi as described for chromium- 
vanadium steel. 

Caibon Steels {less than 0.05% vanadium). — Transfer a 10-g. sample to a 
500-ml. Erlenmeyer flask, make a bicarbonate separation, fuse, and dissolve 
the melt as described for the determination of chromium in carbon steels by 
the persulfate oxidation method.®^ Acidify with H2SO4 and H3PO4 and com- 
plete the titration as wuth chromium-vanadium steel. As an alternate pro- 
cedure, 10 g. of the sample may be treated with cupferron as described in the 
following section for chromium-nickel steels. 

High-Chromium High- Nickel Steels. — Treat 10 g. of the sample (less than 
0.057o vanadium) in a 400-m\. beaker with 250 mi, of diluted 11 2^1) 4 (8 *. 92) and 

'•According to the Methods of the Chemists of the H. 8. Steel Corporation for the 
Sampling and Analysis of Alloy Steels, p, 47 (11)21), the enrreetitin aniounts to 0.02' ,? 
-f 1.8% of the percentage of chromium present. For example, if (>>= 1.5%, the blank 
due to chromium is 0.018X 1.5 or 0.03%, and the Uital eorrertion is 0.024-0 03 or 0,05%> 
of vanadium. 

The blank nmy also be obtained by means of a standard steed of known vanadium 
conten^and confining about the same amount of (chromium as the test sample. 

'^e vanadium content of the tungstic acid may be determined by igniting, fusim? 
wdth NaaCO*, extracting with water and prf>cee<Jing as doserilied in the colorimetric 
given under the determination of Vanadium in Vanadium Steels by the Klcctrolyti'' 
Separation Method, p. 1458. 

« Sw p. 1456. 
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heat gently until action ceases, (For vanadium steels, use a 2 -g, sample and 
150 ml. of diluted H 2 SO 4 (5 : 95).) Cool the solution to IS'’ C. and add a 
goodly amount of paper pulp. Then add dropwise with constant stirring a 
cold, freshly prepared 6 % solution of cupferron (ammonium nitrosophenyl- 
hydroxylamine, CellgN • NO • ONH4) until the precipitate just assumes a reddish 
brown color. Filter through an 11-cm. paper containing some paper pulp, and 
wash 10 to 12 times with cold diluted sulfuric acid (1 : 99). Transfer the 
paper and contents to the original beaker, add 20 ml, of HNO3 and 10 ml. of 
H2SO4. Evaporate to fumes of H2SO4. Cool, add 10 ml. of HNO3 and again 
evaporate to copious fumes of H 2 SO 4 . Cool, dilute to 300 ml. add 3 ml, of 
H3PO4 (85%) and then KMn 04 until the solution is pink. From this point 
proceed with the addition of FeS 04 as described for chromium-vanadium steel. 

Cast Iron {less than 0MB% vanadium ). — Proceed as with carbon steels. 

Open-Hearth Iron . — Proceed as with carbon steels. 

Wrought Iron . — Proceed as with carbon steels. 

MOLYHDKXUM BY THE a-BENZOINOXIME METHOD 

Special Solutions Required. a-Benzoinoxime {2 %). — Dissolve 10 g, of 
a-benzoinoxirae in 500 mi. of ethyl alcohol. Filter if not clear. 

Boric Acid (^%).— Dissolve 4 g, of boric acid in 100 ml. of water. 

Procedure. Molybdenum Steels . — Transfer 1 to 3 g. of the sample to' a 
COO-ml. beaker, add 50 ml. of diluted H2SO4 ( 1 : 6 ) and warm until action 
ceases. Carefully add just enough HXO3 to decompose carbides and to oxidize 
iron and molybdenum. Add 2 to 4 drops of HF, mix and then add 10 ml. of 
the boric acid solution.®^ Boil for a few minutes and filter if the solution is 
not perfectly clear.®® 

Dilute to 100 ml. with water, cool to 25'’ C., and add sufficient FeS 04 
(0.5 g. is usually sufficient) to reduce vanadic and chromic acids. Cool to 
5 ° C., stir, and .slowly add 10 ml. of the a-benzoinoxime solution and 5 ml. 
extra for each 0.01 g. of molybdenum present. Continue to stir the solution, 
add just enough bromine water to tint the solution a pale yellow, and then 
add a few more milliliters of the benzoin reagent. Allow the beaker and con- 
tents to remain in the cooling mixture 10 min. with occasional stirring, stir in 
a little macerated filter pulp, and filter through a rapid paper. If the first 
50 ml. or so arc not entirely clear, this portion shall again be filtered. Wash 
the precipitate with 200 ml. of a cold, freshly prepared solution containing 25 
to 50 ml. of the prepared reagent and 10 ml. of H 2 SO 4 in 1000 ml. On standing, 
needlclike crystals will appear in the filtrate if sufficient reagent fias been 
employed. 

Transfer the precipitate and paper to a platinum crucible and cautiously 
dry. Char, without flaming, and ignite at 500* to 525* C. Cool, ^veigh, and 

“H. B. Knowles, “The Use of a-Benzoinoxime in the Determination of Molyb- 
denum," Bureau of Standards Journal of Research, 9, No. 1 , July, 1932, Research 
Paper 453. 

” With larger samples (5 to 6 g.) of silicon steel it is best to evaporate the solution, 
dehydrate, and remove silica before treatment with the benzoin reagent. 

** Alternately, the sample may be dissolved in a mixture of HCl and HNOj, HCIO4 
added and the solution evaporated to fumes of HC 104 , diluted, sufficient H 2 SOS added 
to reduce the chromium, and, after boiling out the excess and filtering off any silica, 
cooled and molybdenum then precipitated. 
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repeat the heating until the weight remains constant. Treat the ignited residue 
with 5 ml. of NH40H, digest, and filter through a small paper. Wash well 
with diluted XH 4 OH (1 : 99). Ignite the paper and contents in the original 
crucible, cool, and weigh. The difference in weights represents the M0O3 
present. 

Tungsten is also precipitated. If present, the ammoniacal filtrate shall be 
treated as follows : Add 5 ml. of diluted H (1:1) and evaporate to fumes of 
HoSOi. Cool, dilute to 25 ml. with water, add 1 to 2 ml. of cinchonine solution 
(125 g. of cinchonine dissolved in 1000 ml. of diluted IICl (1 : 1)). Digest at 
80° to 90° C., preferably overnight. Filter through a tight paper containing 
a little paper pulp and wash with cinchonine \vash solution (30 ml. of the 
cinchonine solution diluted to 1000 ml.). Transfer the paper and contents to 
a platinum crucible, char the paper and ignite at 750° to 850° C. until constant 
weight is obtained. Cool, weigh, and subtract from the weight of M0O3 
obtained pre\*iously. In very accurate work any residue obtained here shall 
be dissolved and tested for molybdenum by the colorimetric method.®® 

With high-molybdenum medium-tungsten steel (8% molybdenum, 2% 
tungsten) the ignited o.xides may be weighed, dissolved, and molybdenum 
determined by the M0S3-M0O3 (after reprccipitation of the sulfide) method. 
Tungsten is then obtained by difference. 

If molybdenum is present in verj' small amounts (carbon steels), the ignited 
a-benzoinoxime precipitate shall be dissolved in NH4OH and the molybdenum 
determined colorimetrically.®® 

Cast Iwn . — Transfer 1- to 5-g. of the sample to a fiOO-ml. beaker, treat with 
100 mi. of diluted (1 : 4) and warm. When action ceases, add IIXO3 

dropwise until rapid effervescence ceases (usually 2 to 5 ml.) and then add 2 to 
3 drops in excess. Evaporate the solution to fumes of H28O4, cool somewhat, 
and add 100 ml. of water. Warm until salts are dissolved and filter through 
a rapid paper. Wash the paper with w'arm water. Dilute the filtrate to 150 
ml. and cool to 25° C. Add sufficient FeSOi to reduce any chromium or 
vanadium which may have been oxidized by the above treatment, cool to 
5° C. and complete the determination as directed for molybdenum steels. 

O^en-ffearf/i Iron . — Proceed as with molybdenum steels. 

Wrought Iron. — Proceed a.s with molybdenum steels. 


MOLYBDENUM BY PRECIPITATION AS SULFIDE AND 
WEIGHING AS OXIDE 

Procedure. Molybdenum Steels (Absence of Tungsten ). — Transfer 2 to 
10 g. of the sample (approximately 0.03 g. molybdenum) to a (iOO-ml. beaker, 
treat with 100 ml. of diluted H2SO1 (1 : 5), and warm. When action ceases, 
add 20 ml. of a solution of (NU|)2,S20(, (25%) and boil the solution for 8 to 10 
min. to o.xidize the molybdenum and part of the iron. Cool somewhat, add 5 g. 
of tartaric acid, neutralize with NILOH, add diluted ILSO^ (1 : 1) until 
acidified and then 10 ml. in excess for each 100 ml. of solution. Heat to boiling 
and paas in a rapid stream of ILS for 10 min. Dilute with an equal volume of 
hot water, and pass in the gas for 5 min. Digest at 50° to 60° C. for 1 hr. 

« See p. 1464. 
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Filter and wash the sulfur and sulfides with diluted H2SO4 (1 : 99) saturated 
with Place the paper and precipitate in the original beaker,®* add 

6 ml. of H2SO4 and 20 ml. of HNO3, cover, and heat to fumes of H2SO4. Cool 
somewhat, add 10 ml. of HNO3 and again evaporate to fumes. If the solution 
is not clear and of a light color, repeat the treatment with HNO3. 

Cool, dilute to 100 ml., and add a slight excess (10 to 12 drops) of a solution 
of NaOH (20%). Heat to boiling and set aside for 5 min. Filter and wash 
the paper and residue with hot water. Heat the filtrate to boiling and treat 
with H2S for 10 min. Add diluted H2SO4 (1:1) until acidified and then a 
4 ml. excess per 100 ml. of solution. Treat with HsS for 5 min. and digest at 
50° to 60° C, for 1 hr. Filter through a tight 9-cm, filter paper, and wash 
thoroughly with diluted H2SO4 (1 : 99) saturated with H2S.®® Transfer to a 
small porcelain crucible, heat carefully until carbon is destroyed and then at 
500° to 525° C. until constant weight is obtained/^ Test the ignited oxide for 
impurities by treating with NH4OH. If copper is indicated, determine its 
amount colorirnetrically, calculate to CuO and deduct. If a residue remains, 
filter, wa.sh with water, ignite, weigh, and deduct from the weight of MoOs.’^ 
The factor for molybdenum in M0O3 is 0.667. 

Tungsten Steels, — Dissolve 2 to 10 g. of the sample (approximately 0.03 g. 
of molybdenum) in 100 ml. of diluted HCl (1 : 1), cautiously add 20 ml. of 
diluted HNO3 (1 : 1), and then boil gently until the tungstic acid becomes bright 
yellow. Dilute to 150 ml., heat to boiling, filter, and wash the residue with 
diluted HCl (1 ; 9). Reserve the precipitate. Add 15 ml. of H2SO4 to the 
filtrate, evaporate to fumes of 112804, cool, and add 100 ml. of water. Digest 
until soluble salts arc in solution. If any tungstic acid separates, filter through 
a small filter, wash with a little diluted H2SO4 (1 : 99), and combine with the 
reserved tungstic acid preeijutate. Add 5 g. of tartaric acid to the clear filtrate 


In umpire analyses the filtrate shall be boiled to expel H2S and its molybdenum 
content <lelennined colorirnetrically, or the un precipitated molybdenum (usually not in 
excess of 0..5 mg.) shall be recovered as follows: Boil the filtrate to expel HjS and to 
reduce the volume to about 4r)0 ml. Add 20 ml. of the persulfate solution, boil for 8 
to 10 rnin,, and then pass in a rapid stream of H2S for 10 to 15 min. Digest for 1 hr., 
filter, wash, and combine with the main precipitate. 

An alternate method for routine analyses consists in directly igniting the impure 
sulfide at .500“^ to 525” C., weighing and then correcting the weight of the ignited residue 
as follows: To the crucible add diluted HCl (1:1) and heat until the residue is di^lyed. 
Transfer the solution to a small IxMiker, dilute to about 100 ml., and add NaOH in slight 
excess (10 drops of a 20% solution). Boil for 1 min., allow the precipitate to settle, and 
filter. Dissolve tljc precipitate in diluted HCl (1 : 1), and precipitate with NaOH as 
before. Wash the pajx^r and precipitate thoroughly with water to remove alkali salt; 
ignite the paper and precipitate in the original crucible, and weigh. The difference 
between the two weights represents MoOj. 

Precipitation of molybdenum is usually complete, but it is well to test the nitrate 
by boiling to expel H28, oxidizing with bromine water, boiling to expel bromine, and again 


gassing with llaS. 

Molybdenum oxide volatilizes at temperatures above 500° C. but the rate is very 
slow at temperatures below 600° C. The heating may be done in a muffle with p}Tom- 
eter, or in a “radiator.’* This is a fiO-ml. porcelain crucible containing a disk of 
asbestos board, 4 mm. thick on the bottom and fitted witfi a nichrome triangle which is 
bent to fit the inside of the cru(>ible and supported by bending the end wires over the nm. 
The crucible shall be placed so that the bottom is 8 cm. above the top of a Timll burner 
and heated by a flame 12.5 cm. high. ^ 1 « u 

If small amounts of molybdenum are in question, the determination sh^ll be 
checked by testing the solution of the oxide oa described in the colorimetric method. 
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and neutralize with NH4OH. Add H2SO4 until acidified, then 5 ml. per 100 ml. 
in excess, and pass in as in the absence of tungsten. 

Some molybdenum is always carried down by the tungstic acid and shall 
be recovered as follows: Dissolve the combined tungstic acid residues in a hot 
solution of XaOH (5%), and wash the papers with a little water and then with 
a little hot diluted H2SO4. Add 5 g. of tartaric acid, then H2SO4 until the 
solution contains 5 ml. per 100 ml., and precipitate with H2S as in the absence 
of tungsten. Filter, wash, combine with the main sulfide precipitate, and 
complete the determination as described for molybdenum steels. 

Cast Iron. — Transfer 2- to 5-g. of the sample to a 600-ml. beaker, treat 
with 100 ml. of diluted H2SO4 (1 : 4), and warm. When action ceases, add 
diluted HXO3 (1:1) dropwise until rapid effervescence ceases (usually 5 to 
10 ml.) and then add three to five drops in excess. Evaporate the solution 
to fumes of H2SO4. Cool somewhat, add 100 ml. of warm water, stir, and heat 
until salts are dissolved. Filter through a rapid filter paper catching the 
filtrate in a 600-mI. beaker. Wash the paper well with hot water. To the 
filtrate add 5 g. of tartaric acid and neutralize the solution with NH4OH. 
Add 10 ml. of diluted H2SO4 (I : 1) for each 100 ml. of solution, heat to boiling, 
and pass in a rapid stream of H2S for 10 min. Dilute with an equal volume of 
hot water, and pass in the gas for 5 min. Digest at 50° to 60° C. for 1 hr., 
filter, and complete the determination as described for molybdenum steels. 

Carbon Steels. — Proceed as with molybdenum steels. 

Open-Hearth Iron. — Proceed as with molybdenum steels. 

Wrought Iron. — Proceed as wdth molybdenum steels. 


:molybdenum by the colorimetric method 

Special Solutions Required. Sodium Thiocyanate {S%). — Di.ssolve 50 g. 
of the salt in 1000 ml. of water. 

Stannous Chloride. — Transfer 350 g. of SnCl2'2H20 to a 500-ml. Erlen- 
meyer flask, add 200 ml. of diluted HCl (1 : 1), and boil gently until solution 
is practically complete. Transfer the solution to a 1-liter bottle, dilute to 
1000 ml. with freshly boiled water, add a few piece.s of metallic tin, and stopper. 

Butyl Acetate . — Saturate technical butyl acetate with XaCXS and SnCU 
by shaUng, and keep in a dark bottle. 

Standard Molybdenum Solution. — Dissolve 0.5 g. of pure Xa2Mo04‘2H20 
in 1000 ml, of W'ater containing 5 ml. of H2SO4, and standardize by reducing 
100 ml. of the solution in a Jones reductor and titrating with KMn04. Each 
1 mi. of the solution should contain approximately 0.0002 g. of molybdenum. 
The standard solution may also be made from National Bureau of Standards^ 
standard sample 71 of calcium molybdate. 

Procedure. — Transfer 0.5 g. of the sample (for steels and irons containing 
0.25% or less of molybdenum) to a 150-ml, Erlenmeycr flask. (For alloys 
containing 0.25 to 0.50% of molybdenum u.se 0.2 g, of the sample, and if over 
0.5% 0.1 g. of the sample.) Add 20 ml. of HCIO4 (60%) per 1 g. of sample and 
warm until the sample has di.ssolved. Heat to boiling, cover, and fume until 
all carbonaceous matter has been destroyed. Cool somewhat, add 25 ml. of 
water, and boil for a few minutes to expel free chlorine. 
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Add 2 g. of tartapic acid and a slight excess of a solution of NaOH (10%). 
Heat at about 80° C. for a few minutes. Remove from the source of heat, 
neutralize with diluted H2SO4 (1 : 1) and then for each 8 ml. of solution add 
an excess of 2 ml. of the H2SO4 (1 : 1), which will give a solution of 10% H2SO4 
by volume. Cool to room temperature and transfer the solution to a 250-ml. 
separatory funnel, rinsing out the flask with H2SO4 (10%). Add 10 ml. of a 
solution of NaCNS (5%). Shake vigorously for 30 sec., treat with 5 ml. of 
the SnClz solution and shake well for 1 min. Cool to room temperature, add 
20 ml. of treated butyl acetate, or 50 ml. of treated ethyl ether, stopper, and 
shake well. Allow the extract to separate and draw off the lower layer which 
may be discarded. Transfer the extract into a Nessler, Julian, or colori- 
meter tube (for example, Kennicott) and compare with a standard similarly 
carried through all steps of the procedure.^^ The standard steel may be pre- 
pared by adding portions of a standard molybdenum solution to a molybdenum- 
free steel, or a standard molybdenum steel may be used, 

TUNGSTEN BY THE ACID DIGESTION-CINCHONINE METHOD 

Special Solutions Required. CmcAonfne.— Dissolve 125 g. of cinchonine in 
1000 ml. of diluted HCl (1 : 1). 

Cinchonine Wash Solution . — Dilute 30 ml. of the above solution to 1000 ml. 

Procedure. Tungsten Steels . — Transfer 2 g. (for steels containing less than 
5% of tungsten use 6 g.) of the sample to a 400-ml. beaker,^® cover, and treat 
with 50 ml. of HCl. Warm gently. When decomposition is complete, cease 
heating, and scrub with a policeman to detach carbides and tungsten. Grad- 
ually add 10 ml. of diluted HNO3 (1 : Digest at 100° C. with occasional 

stirring until the tungstic acid is bright yellow and free from black particles. 
Dilute to 150 ml., add 5 ml. of cinchonine solution and a small amount of paper 
pulp. Digest at 90° 'to 95° C. for 30 min. or longer as the solution is stirred 
occasionally."^ Decant the clear solution through an ashless paper containing 
a little ashless paper pulp. Wash by decantation with two or three 30- to 
40-ml. portions of hot cinchonine washing solution, transfer the residue to the 
paper/^ and wash the pajier and residue thoroughly with the washing solution. 

'* For .salisfactorj^ color comparisons the concentration of molybdenum should not 
exceed 0.05 mg. per milliliter of solvent. 

^*On very tow molybdenum material it is of advantage to add another portion of 
NaCNS and SnCh, mix in the .•separatory funnel and again extract. 

If the extract is turbid, it should l^e filtered through a layer of glass wool. 

Smooth (unetched) leakers should be used because tungstic acid has a tendency to 
stick rather tenaciously to the ves.s<‘l. 

IjCss vanadium in vanadium steels is retained in the tungstic acid when iron and 
tungsten are oxidized with HzOj. If the latter is to be used add to the partially cool^ 
solution 6 ml. of perhydrol (30' c) diluted with 14 ml. of water and ml gently until the 
volume ho-s been reduced to about 25 ml. Dilute to 200 ml., add cinchonine, e^. ^ 
Small amounts of tungsten separate slowly in the presence of considerable iron. 
Consequently, with leas than 2^'o of tungsten, let the solution stand for 18 to 24 hrs. It 
has been stated that a more rapid precipitation of tungsten by cinchonine r^ults if the 
iron is reduced to the biv^ent state. This may be obtained conveniently by treating 
with sulfur dioxide. , , , , , <. j t 

Dissolve any WO» that still lulhcres to the beaker, by adding a few drops of 
NH«OH. Evaporate just to dryiieas and then add 2 to 3 ml. of diluted HCl (1 : 9) and 
0.5 ml. of cinchonine solution. Heat to boiling, digest a few minutes, and pour onto 
the filter. 
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Transfer to a weighed platinum crucible, and ignite at as low a temperature 
as possible until carbon is gone. Treat with 1 or 2 drops of diluted H 2 SO 4 
(1:1) and 1 to 3 ml. of HF. Evaporate to dryness, ignite at 750° to 850° C., 
cool, and weigh as impure WO 3 .'’ Add 4 g. of Na 2 C 03 , and heat gradually 
until fusion is complete. Cool, take up the melt in 100 ml. of water, and filter. 
Thoroughly w’ash the crucible and residue, and reserve the filtrate. Transfer 
the residue to the crucible, ignite, fuse with 1 g. of XasCOs, cool and take up in 
25 ml. of water. Filter and thoroughly wash the crucible, paper, and residue 
with hot water. Combine the filtrate with the reserved filtrate. Again 
transfer the residue to the crucible and ignite. Cool, weigh, correct for the 
residue obtained from 5 g. of Na 2 C 03 /* and subtract the corrected weight 
from the weight of impure WO 3 /' 

If the combined filtrates show a yellow color, evaporate to 100 ml. and 
determine chromium colorimetrically (as under the determination of chromium 
in carbon steels). Calculate to Cr 203 , and deduct from the weight of “ impure 
WO3.” Divide the solution into three equal parts. In one alitiuot portion 
determine molybdenum oxide, M 0 O 3 , by the colorimetric method. In the 
second aliquot portion determine vanadium pcntoxide, V 2 O 5 , by the colorimetric 
method,®*^ adding one-third as much chromate to the comparbon solution as was 
found in the colorimetric test. In the third aliquot portion separate tin, 
tantalum, columbium,*^ and the like by acidifying, adding XlIjOH in moderate 
excess and boiling. Filter, w^ash thoroughly, ignite, and weigh. Add the 
weights of the oxides found in the three aliquot portions, multiply by 3, and 
subtract from the weight of the impure WOs.” 

The final corrected weight of WOj multiplied by the factor 0.793, divided 
by the weight of sample taken, and multi j)lied by 100, represents the percentage 
of tungsten in the steel. 

Carbon Steels and Other Steels Containing less than 0,2% Tungsten . — 
Tran.sfer 5 g. of the sample to a bOO-ml. beaker, add 7.5 ml. of diluted 112^04 
(1:6) and warm until action ceases. Carefully add jii.st enough diluted 
HXO 3 (1 : 1 ) to decompose carbides and to oxidize the iron. Add about 5 mg. 
of molybdenum (conveniently, 25 rnl. of the sodium molybdate solution).” 
Dilute to 1-50 ml., cool to 5° C. and precipitate with a-benzoinoximo. Deter- 
mine tungsten .subsequently in the mixed oxides as directed by precipitation 
with cinchonine as described for tungsten steels. 

COBALT BY THE ZIXC OXIDK^-XITROSO-/3-XAPHTHOL METHOD 

Special Solutions Required. Zinc Oxide Suspension,— 50 g. of the 
finely powdered reagent to 300 ml. of water and shake thoroughly. 

‘^The residue obtained from the c.p. grade of Xa 2 COj asually cxrecdM 1 mg. In 
analyses of 2-g. samples of a high-speed tool steel (18.23% tungsten, 3.5%^- clirornium, 
and 0.97% vanadium), the correction for the impurities in the Na/'O, averaged 1 mg. 
and the impurities in the “impure WO*’’ aveniged 5.8 mg. (reprcM-nting 0.23' ^ of 
tungsten). The weights of FcjO*, CrjO*, and VjOj that were obtained ranged from 1.4 
to 4,4 mg., 0.4 to 0.5 mg., and 1.4 to 2.7 mg., respeetively. 

See the Determination o( Vanadium in Vanadium Steels by the Ele.e.tToVytie. 
Separation Method, p. \458. 

” If a search Is to be made for tantalum and eolumbium, the residue insoluble in 
XajCOi should also be cxaminefl, Iwcauw part of these may f>e contained in It. 

**See the standard molylvlenum srdution deserilmd under the determination of 
Molybdenum by the Colorimetric Metlwxl, p. 1461, 



CHEMICAL ANALYSIS OF IRON AND STEEL 1467 

a-Nitroso-^-NaphthoL — Dissolve 1 g. of the dry reagent in 15 ml. of glacial 
acetic acid and filter. 

Procedure. Cobalt Steel . — Transfer 1 g. of the sample to a 400-niI. 
beaker, add 25 ml. of diluted HCl (1 : 1), heat, and when decomposition is 
complete, add 5 ml. of diluted HNOg (1 : 1) to oxidize the iron. If tungsten is 
present the digestion with HKOs-HCi shall be continued until all of the tungsten 
has been converted to yellow tungstic acid. Evaporate until salts begin to 
separate (about 5 mb). AddlOOml. ofhot water, and digest on the steam bath 
for about 5 min. Dilute the solution to about 200 ml., and add a freshly pre- 
pared suspension of zinc oxide in portions of about 5 ml. until the iron is pre- 
cipitated and a slight excess of zinc oxide is present. Shake thoroughly after 
each addition of the precipitant and avoid a large excess. When sufficient zinc 
oxide has been added, further addition of the reagent causes the brown pre- 
cipitate to appear ligl^ter in color upon thorough shaking. A sufficient excess 
is also indicated by a .slightly white and milky supernatant liquid. Allow the 
preci])itato to settle for a few minutes and filter the solution through a 12.5'Cm, 
rapid filter paper. Wash the beaker and the precipitate on the filter three 
times with cold water. Reserve the filtrate and washings. When the filter 
has drained, transfer the paper and precipitate to the beaker in which the 
precipitation was made, add 12 ml. of liEl, and stir the paper to a pulp. The 
iron should now be in solution ; if it is not, add more HCl, avoiding a large excess. 
Dilute tlie solution to 200 mb, and repeat the precipitation with zinc oxide. 
Filter on a 15-cm. j>aper, and wash four or five times with cold water. 

For routine work, a single preci])itation will often suffice. In this case 
take a 2-g. sample, dilute the solution to exactly 500 mb after the addition of 
zinc oxide, mix thoroughly, and filter through a dry filter into a 250-ml. measur- 
ing flask (equals Lg. sample). With one precipitation by zinc oxide, the per- 
centages oiitained for cobalt in high-speed steels will be from 0.1 to 0.3 too low 
as the result of retention of cobalt by the bulky precipitate. 

To the combined filtrates and washings, from the zinc oxide separation, 
add 10 ml. of HCl, and atljust the volume to about 400 mb Heat the solution 
to boiling, add 8 ml, of a-nitroso-j^-naphthol .solution plus 3 ml. in addition for 
every 0.01 g. of co))alt present. Allow the solution to cool for 30 min. or more, 
and filter through a ra[)id filter paper. Transfer all of the precipitate to the 
filter and wash witli hot diluted HCl (1 : 3) and then thoroughly with hot water. 

lYansfer the wet paper and precipitate to a weighed porcelain crucible, 
heat gently at first, preferal>ly in a muffle furnace, and finally ignite to constant 
weight at 750° to 850° Cb Heating above 900° C. has a tendency to convert 
Co^Oi to CoO. Cool, and weigh as C03O4 which contains 73.4% of cobalt. 
In very accurate work in wliich more than. 0.01 g. of cobalt is involved, the 
oxide shall he reduced in hydrogen, cooled in an atmosphere of hydrogen, and 
the cobalt weighed as metal. 

Nickel acconijianies cobalt almost completely in the zinc oxide separation. 
Hence, in very accurate work, when nickel predominates, or much of it is 

w A Vvltle fi\w\y divided zinc oxide may pass through the paper at first. This is 
unobiertionable, V>o cause zinc is not i>rpcipitated by a-nitroso-^-naphthol. 

” With high molybdenum nr copfier steels (over 1%), the ignited Co,0<, or coba t 
metal may contain small anmunts (approximately 0.5 mg.) of these elements. Suitable 
corrections may Iw made after solution of the residue and colorimetric determinations 
of the contaminants. 
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present, the ignited cobalt oxide should be dissolved in HCl and cobalt again 
precipitated with a-nitroso-jS-naphthol.*® 

A blank shall be taken through all steps of the determination. A 1-g. 
sample of National Bureau of Standards’ standard sample lOd of bessemer steel, 
or sample 50a of chromium-tungsten- vanadium steel is satisfactory for this 
purpose. It is especially important that the same quantity of the a-nitroso-/3- 
naphthol be used in the blank run as in the determination, A little macerated 
paper added to the blank after the a-nitroso-/3-naphthol reagent facilitates 
filtration and washing. 

Carbon Steels {and Other Steels Containing less than 0.10% Cobalt ). — 
Dissolve 10 g. of the sample in HCl and cautiously oxidize with just enough 
HXO3. Extract the iron with ether and wash the ether extract once with 
diluted HCl. Warm the ether-extracted acid solution to expel residual ether, 
and oxidize ^dth KCIO3. Dilute to 200 ml., and precipitate twice with zinc 
oxide as directed for cobalt steels. In material containing very little cobalt, 
it is advantageous to combine the extract acid solution obtained in ether 
separations of a number of separate 10-g. samples. 

Cast Iron. — Proceed as with carbon steels. 

Open-Hearth Iron. — Proceed as with carbon steels. 

Wrought Iron. — Proceed as with carbon steels. 

TITANIUM BY THE CUPFERRON-COLORIMETUIC METHOD 

Special Solutions Required. Cupferron (6%). — Dissolve 2 g. of the salt 
in 35 ml. of cold \vater. Thi.s reagent shall be prepared as needed. 

Standard Titanium Solution. — The standard titanium solution is usually 
made from potassium titanium fluoride, K2TiF«-H20, a.s follows: Recrystallize 
the c.p. salt twice from hot water in a platinum dish. Filter, dry at room 
temperature, and preserve in a gIa.ss-stopj)ered buttle. Transfer 2.70 g. to a 
platinum dish, add 100 ml. of H2SO4, and evaporate 3 times to strong fumes of 
the acid, each time washing down the inside of the dish with water. Cool, and 
pour the solution rapidly and with stirring into 900 ml. of water. If the .solution 
is properly made, it should l^e perfectly clear. Cool to room temperature, and 
transfer to a glass-stoppered bottle. Standardize by taking 50-ml. portions, 
precipitating wdth NH4OH in a boiling 2.50-ml. solution, filtering, igniting at 
about 1200° C., and weighing as TiOj, Each 1 ml. of the solution should 
contain 0.5 rag. of titanium. 

Procedure. Titanium Steels. — Transfer 0.5 to 1 g. of the sample to a 400- 
ml. beaker, add 100 ml. of diluted HCl (I : 4), cover, and Iicat gently until 
action cea.scs. Cool the solution to 15® to 20® C., and add dropw isc a cold, 
freshly prepared, solution of cupferron (0%), with con.slant stirring, until the 
precipitate just assumes a reddish brown color. Additional cupferron only 
causes more iron to be precipitated. Add a goodly amount of a.shles.s jwper 
pulp and filter through an 11-cm. rapid filter paper. Wash 12 to 15 timc?« with 
cold diluted HCl (1 : 9). Transfer the paper and residue to a .50-mI. platinum 
crucible, dry, and ignite at a temperature (less than 500® C.) just sufficient to 

*• Tests on a 0.5-g. sample of a steel containing 10% of cobalt and 6% of nickel 
showed but 0.1 mg. of nickel in the first precipitate. 
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destroy the carbon of the filter paper. Fuse the contents of the crucible with 

1 g. of K2S2O7 and dissolve the cooled melt in 25 ml. of diluted H2SO4 (10 : 90 ). 

Transfer the solution to a Camp or a Nessler comparison tube, and dilute 
to a suitable volume containing 10 ml. of H2SO4 per 100 ml. Add H3PO4 
dropwise until any iron color is destroyed. To a second tube, add reagents 
K2SO4, H3PO4, etc, in amounts that are present in the unknown, and dilute 
with diluted H2SO4 (5 ; 95) to the same volume. Cool both to room tempera- 
ture. Add 3 ml, of H202 (3%) to each and then a standard solution of Ti(S04)2 
to the blank run and a similar volume of diluted H2SO4 (5 : 95) to the unknown 
until the colors match when the solutions are well mixed. The unknown then 
contains the amount of titanium that was added to the blank run. If a 
colorimeter of the plunger type is used, a suitable standard solution of peroxi- 
dized titanium may be prepared and the colors matched by changing the depths 
of the columns that are viewed. The amounts of titanium in the two solutions 
are then inversely proportional to the heights of the columns. 

If the steel contains an appreciable amount of copper, filter the original 
H2SO4 solution of the sample through a small filter paper containing some 
paper pulp. Wash well with hot diluted H2SO4 (1 : 9). Cool the filtrate to 
15° to 20° C. and precipitate with cupferron as described in the first paragraph. 
Transfer the paper containing the acid insoluble material to a 250~ral. beaker, 
add 25 ml. of diluted HNO3 (3 : 7) and heat until the copper has dissolved. 
Add 50 ml. of hot water and a slight excess of NH4OH. Heat to boiling, filter, 
and w^ash the paper and precipitate with hot water. Burn off the paper at as 
low a temperature as possible and add the residue to the ignited cupferron 
precipitate. Fuse the combined residues wuth K2S2O7, dissolve in diluted 
H2SO4 (1:9) and determine colorimetrically as previously described. If the 
steel contains vanadium (more especially when small amounts of titanium are 
sought), transfer the ignited cupferron precipitate to a lOO-ml. platinum dish, 
add 5 ml. of HF (48%), 10 ml. of HCIO4 and evaporate to a volume of 5 ml, or 
less. Cool somewhat, dilute to 50 ml, and add an excess of 5 ml. of the NaOH 
(19%). Boil for several minutes, let settle, and filter on a tight 9-cm, filter 
paper. Wash the paper and precipitate with hot water, ignite, fuse with a 
small amount of K2S2O7, and complete the determination for titanium as 
described above. 

Carbon Steels, Open-Hearth Iron, and Wrought Iron {less than 0,05% 
titanium), — Treat 5 g. of tlie sample with 150 ml. of diluted HCl (1:4) and 
proceed as described for titanium steels. 

Cast Iron {total titanium). —TreHi 5 g. of the sample with 100 ml. of diluted 
HCl (1 : 2), cover, and w'arm. When all action has ceased, cool to 10° C., 
add 1 ml. of a solution of cupferron (6%), filter on a paper of close texture, and 
wash the insoluble matter with water. Transfer the paper and residue to a 
platinum crucible, dry, and ignite under good oxidizing conditions in an un- 
covered crucible until all carbon is gone. Treat with 1 to 2 ml, of HF and 1 ml, 
of diluted H2S04 (1 : 5), and evaporate to dryness. Fuse the residue with 1 to 

2 g. of NaoCOj. Dissolve the melt in about 50 ml, of water, digest for 15 min. 
at 90 ° to 95° C., filter, and wash with water. Ignite the residue in platinum, 
and fuse with 1 to 3 g. of K2S2O7. Cool, treat the melt with 25 ml. of diluted 
H2SO4 (1 : 9 ), transfer to a Camp or Nessler comparison tube, and determine 
the titanium colorimetrically as described for titanium steels. 
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Zirconium by the Cupferron — Phosphate Method 

Procedure. Zirconium Steels . — Transfer 2 to 3 g, of the sample to a 
250-mL beaker, add 100 ml. of diluted HCl (1 : 4), cover, and heat until action 
ceases. Dilute to 150 ml., cool to 15*" to 20° C., precipitate with cupferron, 
filter, and fuse the ignited precipitate with K2S2O7 as directed for titanium in 
titanium steels. Dissolve the cooled melt in 100 ml. of diluted H2SO4 (1 ; 9), 
and filter through a small paper to separate any siliceous matter that may be 
present. Wash with diluted H2SO4 (1:9). To the filtrate add 2 ml. of HaOi 
(30%) and a solution of 3 g. of (XH4)2HP04 in 25 ml. of water. Stir vigorously 
and let stand for 1 to 2 hr, at a temperature of 60 to 65° C. An excess of 
peroxide must be present at all times, and with amounts of zirconium under 
0.01% the solution should be allowed to stand at room temperature overnight. 
Filter through a 9-cm, filter paper containing ash less pulp, and wash thoroughly 
with a cold solution of XH4X03 (5%). Transfer the paper and residue to a 
platinum crucible, and ignite very carefully so that the paper chars but does 
not flame. Wlien the paper has charred, gradually incroa.se the temperature 
until ail carbon is gone, and then heat at about 1050° C. for 15 min. Cool in a 
desiccator and weigh as ZrPsO?. 

In very accurate analysis, the p>To phosphate shall he tested for titanium 
by fusing with 4 to 5 g. of K2S2O7, and dissolving the melt in 40 ml. of diluted 
H2SO4 (1:9) containing 5 ml. of H2O2 (3%). If titaniuni is present, it is 
determined colorimetrically, calculated to TiaPiOj, and deducted from the 
weight of ZrPoO;. 

Carbon Steels, Open-Hearth Iron, Wrought Iron and Cast Iron . — Treat 
5 g. of the sample with 150 ml. of HCl (i, : 4) and proceed as for zirconium steehs. 


OTHER METHODS 

VOLUMETRIC DETERMIXATIOX OF MAOXAXKSE~-AFTKR 
PERIODATE OXIDATIOX 

Chloride must be absent. Cobalt interferes a.s in the bismutbatc method. 
When periodate is added to a solution of cobaltous sulfate, the solution liccomes 
dark brown, owing to oxidation of the cobaltous salt. In steel containing 1.13% 
of manganese and 0.5% of cobalt, 1.32% of manganese wa.H obtained. Cerium 
also interferes becau.se* it is oxidized to a ceric salt. 

Procedure for Steel or Iron, Free from Chromium.— Dissolve 1 gram of 
Bteel containing not more than 0.15 mg. of chromium in 4 ml. of concentrated 
sulfuric acid and 25 ml. of water. To the hot solution, add, cautiously, 1 ml. 

“ Selected from the literature by the editor. 

Willard and Thompson, Ind. Eng. Chem., Anal. Ed., 3, 399 (1931). 
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or more of concentrated nitric acid to oxidize the ferrous iron and carbonaceous 
matter, and boil to remove nitrous fumes. Any graphite present will do no 
harm and will be filtered out later. Dilute to 50 or 75 ml., add 3 ml. of 85% 
phosphoric acid (or an equivalent amount of more dilute acid) and 0.3 gram of 
sodium or potassium periodate. Boil gently for 15 minutes to oxidize the 
manganese, dilute to 150 mi., cool to room temperature, and add slowly, with 
constant stirring, 4 or 5 grams of mercuric nitrate (Hg(N 03 ) 2 ' 2 H 20 ) dissolved 
in a little water. Filter immediately through a fairly large asbestos filter into 
an excess of standard ferrous sulfate, wash with cold water four or five times, 
and titrate back with standard permanganate. 

Procedure for Steel or Iron Containing Not Over 0.1% of Chromium ~ 
Dissolve 1 gram in a mixture of 15 ml. of water and 15 ml. of 85% phosphoric 
acid. Oxidize the ferrous iron and carbonaceous matter by adding carefully to 
the hot solution 1 or 2 ml. of concentrated nitric acid, and boil to remove nitrous 
fuine.s. Dilute to 100 ml., add 0.3 gram of sodium or potassium periodate, boil 
gently 15 minutes to oxidize the manganese, dilute to 150 ml., and cool to 
room temperature. Precipitate the periodate by adding slowly, with constant 
stirring, 2 to 3 grams of mercuric nitrate dissolved in a little water, and filter 
immediately through a fairly large asbestos filter into excess of standard ferrou.s 
.sulfate contaiiiiiig 10 ml. of 50% sulfuric acid to prevent precipitation of 
mercuric pho.s])hatc. Wash with cold water four or five times and titrate back 
the filtrate and washings with standard permanganate. The filtration will be 
slower than when sulfuric acid is present during precipitation, but the time 
retjuired, including washing, should not be more than 3 minutes. 

Procedure for Iron Ore and Other Oxide Ores. — Place 1 gram in a 250 ml. 
Pyrex beaker, and add 15 ml. of 85% phosphoric acid and a few drops of con- 
centrated sulfuric acid. Stir until all the ore is free from the bottom of the 
beaker, cover, and heat until fumes of sulfuric acid are given ofi, taking care 
that it does not froth over or cake on the bottom. If the ore is not dissolved 
by this time, keep it hot for a longer time, stirring occasionally, but not allowing 
the temperature to rise, because the beaker would be attacked. Cool -until the 
mas.s begins to be viscous, then add quickly 100 ml. of water, and heat. Every- 
thing should dissolve except some gelatinous silica. From here on the pro- 
cedure is the same as for steel containing 0.1% of chromium. 

Procedure for Bronze. — Dissolve i grain in a mixture of 3 ml. of concen- 
trated nitric acid, 10 ml, of 85% phosphoric acid, and about 7 or 8 ml. of water. 
Then dilute to 50 or 75 ml. and proceed as above. Owing to the deep blue color 
of the copper salt, the back titration with permanganate is conveniently carried 
out elcctrometrically or by use of alpliazurine indicator. 

Note. — If the amount of manganese is between 15 and 30 mg., the amount of peri- 
odate in the above procedures sliould be increased to 0.5 gram. 

A MODIFIED PERSULFATE-ARSENITE METHOD FOR 
MANGANESE 

The permanganic acid formed by the oxidation of the sample with ammo- 
nium persulfate, in the presence of phosphoric acid with silver as catalyst, is 

E. B. Sandell, I. M. Kolthoff, and J. J. Lingane, Ind. and Eng. Chem., Anal. Ed., 
7» 256, July 16, 1935. 
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titrated with a reducing solution containing equivalent amounts of sodium 
arsenite and sodium nitrite instead of with the customary sodium arsenite 
alone. With the mixed reducing solution, heptavalent manganese is reduced 
to the divalent condition, and the solution therefore becomes colorless at the 
end point instead of yellow or brown as when arsenite alone is used for the 
titration. Small amounts of chromium, vanadium, nickel, and molybdenum 
do not interfere. Silver must be precipitated as the chloride before the titration 
can be made. 

Procedure for Manganese in Steels. Reagents. — (1) Acid mixture (recom- 
mended by Bright and Larrabee) : Water, 525 ml.; sulfuric acid, concentrated 
(sp.gr. = 1.84), 100 ml.; phosphoric acid, 85%, 125 ml.; and nitric acid, con- 
centration (sp.gr. — 1.42), 250 ml. First add the sulfuric acid to the water, cool, 
and then add the nitric acid and phosphoric acids. (2) Silver nitrate solution, 
0.1 M. (3) Ammonium persulfate solution, 25 grams (of 95% salt) in 80 ml. 
of water. Ammonium persulfate slowly decomposes in solution and therefore 
this solution should not be kept for more than 2 or 3 days. (4) Sodium chloride 
solution, 0.2 M. (5) Sulfuric acid, 12 N. 

Standard Solutions. — (1) Sodium arsenite-sodium nitrite, 0.05 N. Dissolve 
2.5 grams of pure arsenic trioxide in 25 ml. of 4 N sodium hydroxide solution, 
dilute to 200 ml., add slightly more than enough dilute suliurlc acid to neutralize 
the hydroxide, and then a slight excess of sodium bicarbonate to neutralize the 
acid (the solution should finally be neutral to litmus paper). Dissolve 0.85 
gram of sodium nitrite in the solution thus obtained and dilute to 1 liter. (2) 
Potassium permanganate, 0.05 N. Prepare and standardize against pure dry 
sodium oxalate in the usual manner. 

Standardization of Sodium Arsenite-Sodium Nitrite Solution. — Pipette 
10 ml. of .standardized 0.05 X pota.ssium permanganate solution (for the best 
results the amount of permanganate taken should correspond approximately to 
the amount of manganese in the material under test) into a 250-ml. Erlenmeyer 
fiask, and add 1.0 gram of electrolytic iron of known manganese content and 30 
ml. of the sulfuric- phosphoric-nitric acid mixture. Warm to hasten solution, 
and finally boil for 2 to 3 minutes to expel oxides of nitrogen. Then add 50 ml. 
of cold water, o ml. of silver nitrate solution, and 10 ml, of ammonium per- 
sulfate solution. Heat to boiling, and boil for 30 to 45 seconds. Immediately 
cool the flask and its contents to 20® to 25° C. by placing in water. Add 5 ml. 
of sodium chloride solution and 10 ml. of 12 N sulfuric acid. Then titrate with 
arsenite-nitrite solution. Run in the reducing solution at a uniform rate not 
exceeding 5 or 6 ml. per minute, swirling the liquid in the flask continuously 
until the solution has become pale pink, and then continue the addition more 
slowly, allowing 5 seconds between dro{». When very near the end point as 
indicated by the very pale pink color, allow approximately 10 seconds between 
drops or fractions of a drop. This slow addition is required only for the last 
few drops. The end point is reached when the color changes abruptly to white 
(suspended silver chloride). If the titration ha.s been correctly performed, a 
drop of 0.05 X permanganate solution added after the end point hae b^n 
reached will give a coloration persisting for at least 3 minutes. 

Detern^ation. — Di.ssolve a 0.9- to 1.1-gram sample of steel in 30 ml. of 
the acid mixture and then proceed as directed in the standardization (beginning 
with the second sentence). 
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Notes. — If an accuracy greater than 0.01% of manganese is not required, the addi- 
tion of iron in the standard zation may be omitted. Then standardize as follows: 

Transfer 30 ml. of acid mixture to a 250-mL Erlenmeyer flask and add 50 ml. of 
water, 5 ml. of silver nitrate solution, and 10 ml. of ammonium persulfate solution. Boil 
for one minute, cool to room temperature, add 10 ml. of 0,05 N standard potassium per- 
manganate, precipitate the silver, and titrate with the arsenite-nitrite solution as de- 
scribed above. 

An equivalent amount of pure ferrous or ferric sulfate (but not ferrous ammonium 
sulfate or ferric alum) as free as possible from manganese, may be used instead of elec- 
trolytic iron in the standardization. In any case the manganese content of the iron or 
iron salt added must be determined colorimetrically, preferably with periodate as reagent 
(7, 8), and a correction applied if necessary. 

^^en the manganese content of the sample falls outside the range 0.3 to 0.8% (using 
a 1-gram sample) the arsenite-nitrite solution should be standardized against a volume of 
standard potassium permanganate that contains roughly the same quantity of manganese 
as the sample. No more than 15 mg. of manganese may be present in the solution when 
diluted to 100 ml. previous to titration. In other words, using a 1-gram sample, not 
more than 1.5% of manganese may be present in the material analyzed if the above 
directions are to be followed. 

Cast irons may be analyzed by the above pro(;edure if the graphite, left after dis- 
solving the sample, is filtered off before the oxidation. 

CHROMIUM AND VANADIUM 

IXDICATOn ^^Iethods 

Preparation of Indicator. — A 0.01 M solution of diphenylamine sodium 
sulfonate is prepared by dissolving 3.2 grams of the barium salt (obtainable 
from the Eastman Kodak Co., Rochester, N. Y.) in a liter of water, adding to 
this solution a slight excess of sodium sulfate, and decanting or filtering the 
solution. 

Preparation of Oxidized Indicator. — The volume of the 0,01 M indicator 
solution specified in a given experiment is placed in a small beaker, 5 ml. of 
water, 3 or 4 drops of concentrated sulfuric acid, and 3 or 4 drops of 0.1 N 
potassium dichromate are added, and then very dilute ferrous sulfate (0.01 
to 0.02 N) is added until the purple color, which appears on the addition of the 
first few' drops of ferrous sulfate, just turns to a bluish green. As this purple 
color begins to di.sappear, tlic ferrous sulfate should be added in parts of a drop, 
in order to have no exces.s present in the oxidized indicator solution. This 
bluish green solution is added to the solution to be titrated. In the experiments 
described in this paper the oxidized indicator w'as prepared in separate samples 
for each titration. 

A stock solution of the oxidized indicator is often more convenient and may 
be prepared as follow's: 

One hundred milliliters of O.Ol M diphenylamine sodium sulfonate and 25 
ml. of concentrated sulfuric acid are diluted to 900 ml. in a liter volumetric 
flask. To this solution 25 ml. of 0.1 N potassium dichromate are added slowly 
with frequent shaking, followed by 0.1 N ferrous sulfate with repeated shaking, 
until one drop causes a visible change in color from bluish green to a clear deep 
green in the liquid when viewed through the neck of the flask. This will require 
approximately 6.5 ml. of ferrous sulfate. 

Standardization of Ferrous Sulfate Solution for Vanadium Determinations. 
— Weigh out 0.04 to 0.06 gram samples of pure potassium dichromate into 

Willard and Young, Ind. and Eng. Chem., Anal. Ed., 5, pp. 154, 158 (1933). 
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400 ml. beakers and dissolve in a little water, or measure out that volume of 
standard dichromate solution which will require 35 to 50 ml. of 0.025 N ferrous 
sulfate for titration. Add 5 ml. of sulfuric acid (sp.gr. 1.5), 5 ml. of phosphoric 
acid (sp.gr. 1.37), and dilute to 200 ml. Then add 0.3 ml. of 0.01 M indicator, 
oxidized, and titrate with approximately 0.025 N ferrous sulfate. No blank 
correction is required in this standardization.®*^ 

Procedure for Vanadium in Timgsten Steels. — Add 25 to 30 ml. of water 
and 5 ml. of sulfuric acid (sp.gr. 1.83) to a 1-gram sample of the steel weighed 
into a 400- ml. beaker. Warm gently until the steel is completely decomposed 
and the tungsten separates out as a black powder. Rub loose from the beaker 
all tungsten and to the boiling hot solution add 5 ml. of hydrofluoric acid 
(48%), then nitric acid (sp.gr. 1.42), at first slowly, using 5 ml. in all. Boil 2 
minutes. A clear green solution is obtained. If the solution is not perfectly 
clear at this point, as occasionally happens with steels especially difficult to 
decompose, boil 2 or 3 minutes longer. Dilute to approximately 100 ml., add 
1 gram of ammonium persulfate, and boil 5 minutes. Add 5 ml. of 0.1 N 
ferrous sulfate, dilute to between 175 and 200 ml., and cool to room tempera- 
ture. Add to this solution 0.1 N potassium permanganate from a buret until 
a distinct color persists for 2 minutes, to be sure all the vanadium is oxidized. 
At this point either procedure A or B may be used. Procedure A is preferable. 

A. Add 0.05 M sodium nitrite slowly from a buret until the solution be- 
comes green, then 5 ml. excess of the nitrite .solution, folhjwed by 2 grams of 
urea. Stir the solution thoroughly and allow it to stand for 5 minutes. 

B. Add 5 ml. of 0,1 M sodium azide and boil vigorously (in hood) for 5 
minutes to remove all the hydrazoic acid. Cool to room temperature. 

To the solution thus obtained add 3 ml. of hydrofluoric acid (48%) and 0.3 
ml. of 0.01 M diphenylamine sodium sulfonate which ha.s been oxidized, and 
titrate at once with 0.025 X ferrous sulfate standardized as dircctetl l)elow. 
The color change of the indicator at the end ])oint is from purple to green. The 
correction to be applied for the indicator may be determined frmn the folh)wing 
table and should be subtracted from or added to the volume of ferrous sulfate 
used in the titration.® 


IndiiiiOir f'orrt'rfinn.H in 

Vanadium in .Strel N Kr.si), 

Ml. 

0 - 0 . -> 0.10 

0.8.5-1.2 +0,05 

1-2 - 3.5 + 0.10 

Standardization of Ferrous Sulfate for Chromium Plus Vanadium Deter- 
minations. — Place in a 000 ml. beaker that amount of potassium dichroniate, 
either in solid form dLssolved in a little water or in the form of a standard 
solution, which will require approximately 35 to 50 ml. of 0,05 X fcrrou.s sulfate. 
Add 5 ml. of .sulfuric acid (sp.gr., 1.5), 5 ml. of phosphoric acid f.sp.gr. 1.37) and 
dilute to .300 ml. Then add 0,3 ml. of 0.01 M indicator, oxidized, and titrate 
w’ith approximately 0.05 X ferrous sulfate. No blank correction for the indi- 
cator Is required here. 

Procedure for Chromium Plus Vanadium in Tungsten Steels. — Add 25 to 

30 ml. of water and 5 ml. of sulfuric acid (sp.gr. 1.83) to a 1-gram sample of the 
Willard and Young, Ind. Eng. Chem., AnaL Ed., 5, 154 (1933). 
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steel weighed into a 600-inl. beaker. Warm gently until the steel is completely 
decomposed and the tungsten separates out as a black powder. Rub loose 
from, the beaker all tungsten and to the boiling hot solution add 6 ml. of hydro- 
fluoric acid (48%), then nitric acid (sp.gr. 1.42), at first slowly, using 5 ml. in 
all. Boil 2 minutes. A clear green solution is obtained. If the solution is 
not perfectly clear at this point, as occasionally happens with steels especially 
difficult to decompose, boil 2 or 3 minutes longer. Dilute to approximately 
300 ml., heat to 60“ C. or higher, add 10 ml. of silver nitrate solution (2.5 
grams of silver nitrate per liter), 5 grams of ammonium persulfate, and boil 
vigorously for 10 minutes. A few small pieces of broken porcelain in the solu- 
tion will prevent bumping. Any one of the three following procedures may be 
used to destroy the permanganic acid formed during the oxidation process. 
Procedure A is preferable. 

A. Add O.l M sodium azide, drop by drop, from a pipette to the boiling 
hot solution until all permanganate has been reduced, limiting the excess of 
azide u.sed to I or 2 droi)S. Boil for 1 or 2 minutes to remove the hydrazoic acid. 

B. Add 0.05 M sodium nitrite, drop by drop, from a pipette to the boiling 
hot solution until all permanganate has been reduced, limiting the excess of 
nitrite used to 1 or 2 drops. Then add 1 gram of urea at once and stir the solu- 
tion thoroughly. 

C. Add 5 ml. of 1 to 3 hydrochloric acid to the hot solution and boil vigor- 
ously for 10 minute.s to reduce the permanganate and remove all chlorine. 

To the solution from /I, E, or C, cooled to room temperature, add 3 ml. 
of hydrofluoric acid (48%) and 0.3 ml. of 0.01 M diphenylamine sodium sul- 
fonate, oxidized, and titrate at once with 0.05 X ferrous sulfate standardized 
as directed IjcIow. Immediately after the addition of the indicator the solution 
is a yellowish brown. As the ferrous sulfate is added this yellow color disap- 
pears gradually, l)eing replaced first by a purplish red and then by a clear 
purple. The color change at the end point from purple to green is very sharp. 
An indicator blank of — 0..30 ml. of 0.05 X ferrous sulfate should be applied 
to the volume of ferrous .sulfate used in the titration. 

The usual procedures for determining chromium and vanadium in steels 
that do not contain tungsten may be carried out using oxidized diphenylamine 
as the indicator. 

Preparation of Indicator.— A 1/10% solution of diphenylamine is prepared 
by dissolving 0.1 gram of the indicator in 10 ml. of sulfuric acid (sp.gr., 1,83) 
and diluting this solution with 90 ml of glacial acetic acid. The method of 
preparing portions of oxidized indicator solution from the 0.1% solution i.s the 
s.ame as u.sed for diphenylamine sulfonic acid, except that 5 ml of phosphoric 
acid (sp.gr., 1.37) instead of water are added to a measured volume of the 
indicator in a very small hc.aker. X"o sulfuric acid is added, but only 3 or 4 
drops of dichromate, followed by very dilute ferrous sulfate. 

Procedure for Vanadium in Steels without Tungsten —Add 30 to 40 ml of 
water to a 4- or 5-gram sample in a t>00 ml beaker. Run in a measured volume 
of sulfuric acid (sp.gr., 1.83) from a burette, allowing 1.5 ml for each gram of 
steel and 3 ml in excess. After the .steel has been completely decomposed, 
boil until a considerable quantity of salts separates out, in order to assist in 
decomposing carbides. Dilute w'ith 30 to 40 ml. of water and heat until the 
salts have dissolved. To the boiling hot solution add nitric acid (sp.gr., 1.42) 
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in small portions until the oxidation of ferrous sulfate is complete (3 to 5 ml. 
of acid are sufficient). Avoid any appreciable excess. Boil the solution to 
destroy oxides of nitrogen, cool to room temperature, add 25 ml. of phosphoric 
acid (sp.gr., 1.37), and dilute to 300 ml. Add 0.1 N potassium permanganate 
from a burette until an excess is present. Then add 3 or 4 drops more and 
let the solution stand for 2 minutes to be sure that the color persists and all of 
the vanadium is o?ddized. Either procedure A or 5 may be used to destroy 
excess permanganate. Procedure A is preferable. 

A. Add 0.05 M sodium nitrite slowly from a burette until the solution 
becomes green, then 5 ml. excess of the nitrite solution, followed by 2 grams of 
urea. Stir the solution thoroughly and allow it to stand for 5 minutes. 

B. Add 0 ml. of 0.1 M sodium azide and boil vigorously (in hood) for 5 
minutes to remove all hydrazoic acid. Cool to room temperature. 

To the solution thus obtained, add 15 grams of crystallized sodium acetate. 
This should be the correct amount of acetate to react with the 3 ml. excess of 
sulfuric acid used in dissolving the steel and with the slight amount of nitric acid 
present. If too much acetate is added so that a permanent precipitate forms, 
a drop or two of sulfuric acid will cause the solution to clear. As soon as the 
acetate has dissolved, add 0.5 ml. of 0.1% diphenylamine, oxidized, and titrate 
with 0.025 N ferrous sulfate standardized by the method given below. 

Standardization of Ferrous Sulfate Solution for Vanadium Determinations. 
— Use sufficient standard potassium dichromate solution to require 35 to 50 
ml. of 0.025 X ferrous sulfate. Dilute to 300 ml., add 0.5 ml. of 0.1% diphenyl- 
amine, oxidized, and titrate w'ith the 0.025 N ferrous sulfate. 

Recommended Procedure for Chromium Plus Vanadium in Steels Without 
Tungsten. — Use a sample of suitable size, varying from 2 grams with low 
chromium to 0.25 gram with stainless steels. Place it in a 600 ml. beaker, add 
15 ml. of water, 15 ml. of phosphoric acid (sp.gr., 1.37), and run in a measured 
volume of sulfuric acid (sp.gr., 1.83) from a burette. Allow 1.5 ml. of acid for 
each gram of steel and 3 ml. exces.s. After the steel has been completely de- 
composed, boil until a considerable quantity of salts separates out, in order to 
assist in decomf)oaing carbides. Dilute w’ith 20 ml. of water and heat until 
the salts have di.ssolved. Add nitric acid (sp.gr., 1.42) in small portions to the 
hot liquid until the violent oxidation of ferrou.s sulfate i.s over (2 to 3 ml. of 
acid are sufficient). Avoid any appreciable excess. Boil the solution to de- 
stroy oxides of nitrogen, dilute to 300 ml., heat to boiling and add 10 ml. of 
silver nitrate containing 2.5 grams of silver nitrate per liter, and 1.5 grams of 
ammonium persulfate. If no permanganate tinge appears in the solution on 
boiling add more ammonium persulfate. In no case w'ill more than 2 to 2.5 
grams be required if samples of the weights suggested above are used. Boil 
the solution for 10 minutes to decompose the excess persulfate, and use either 
procedure A or B to reduce the permanganate formed. A is preferable. 

A. Add 0.1 M sodium azide, drop by drop, from a pipette to the boiling hot 
solution until all permanganate has been reduced, limiting the excess of azide 
added to 2 or 3 drops. Boil for 2 minutes to remove the hydrazoic acid. A 
reddish color which may develop in the solution during the boiling period may 
be disregarded. 

B. Add 0.05 M sodium nitrile, drop by drop, from & pipette to the boiling 
hot solution until all permanganate has been reduced, limiting the excess uscA 
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to 2 or 3 drops. Then add 1 gram of urea at once and boil the solution for 
5 minutes. A reddish color which may develop in the solution during the 
boiling period may be disregarded. 

To the solution from A or B, cooled to room temperature, add that quantity 
of crystallized sodium acetate which is required to react with the excess of 
sulfuric acid used in dissolving the steel (1 ml. of concentrated sulfuric acid is 
equivalent to 4.8 grams of sodium acetate trihydrate). As soon as this has 
dissolved, add 0.5 ml. of 0,1% diphenylamine, oxidized, and titrate with 0.05 N 
ferrous sulfate. The ferrous suUate should be standardized by the procedure 
‘given under vanadium in steels without tungsten. That volume of standard 
dichromate should be taken which will require about 35 to 50 ml. of ferrous 
sulfate. 

Determinations op Chromium and Vanadium after Oxidation 
WITH Perchloric Acid 

Place samples of 0.5 to 2 grams, depending on the chromium content, in a 
500-mI. tail-form lipped beaker, or better still in a 500-ml. Soxhiet flask, and 
add 20 to 25 ml. (depending on the size of the sample) of 70% perchloric acid, 
commercial or C.P. Cover the vessel and warm until all the metal has dis- 
solved, taking care not to let the action become too violent. Most steels will 
dissolve in less than 5 minutes. Boil the solution 15 to 20 minutes, noting the 
change in color if much chromium is present, and continuing the boiling at least 
10 minutes longer. The perchloric acid, should condense and run down the 
sides of the beaker or flask. Cool somewhat, add an equal volume of water, and 
boil 3 minutes to expel chlorine. After cooling, the solution is diluted to a suit- 
able volume and is ready for titration as described later. 

Cast iron or alloys high in carbon should be dissolved in dilute perchloric acid, 
either with or without nitric acid, and evaporated to fumes, because the action 
of the hot concentrated acid is too violent. If it is necessary to use 4- or 6-gram 
samples, add 50 or 60 ml, of acid. This is desirable in cast iron or steel very 
low in chromium. Boiling for 1 or 2 hours may be necessary to oxidize all the 
graphite, and further addition of perchloric acid may become necessary. 

Procedure for Ferrochromiutn. — An alloy of this type requries different 
treatment, because when boiled with 70% perchloric acid, the chromium tri- 
oxide formed, which is fairly insoluble even in the hot acid, tends to coat the 
particles of ferrochromium and prevent further oxidation. Weigh 0.2 gram 
of the powdered alloy into a 500-ml. tall lipped beaker or Soxhiet flask. Add 
20 ml. of hydrochloric acid, sp.gr. 1.18, and heat for 15 minutes. Add 15 ml. 
of 70% perchloric acid and boil 30 minutes after all hydrochloric acid is expelled. 
Cool somewhat, add a few cubic centimeters of water to dissolve the chromium 
trioxide and reoxidize by boiling 15 minutes after the water is ex{)elled. Add a 
few cubic centimeters of water and look for any undissolved particl^ of metal. 
If any are present, another oxidation may dissolve them. Othermse^^ur off 
most of the solution, add a few cubic centimeters of 70% perchloric acid to the 
residue, and boil till solution is complete. Add the main decanted Uquicq 
evaporate off the water, and reoxidize for 5 minutes. Dilute and boil off 
chlorine. 

w H. H. Willard and R. C. Gibson, Ind. Eng. Chem, Analyt. Ed,, 3, 88 (1931). 
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Procedure for Chromic Oxide and Chromite. — Chromic oxide, which is not 
attacked by the usual acids, is readily oxidized to chromic acid by boiling 70% 
perchloric acid, a 0.15-grara sample requiring 15 minutes. Chromite is more 
resistant; if ground to pass a 200-mesh sieve it requires 60-90 minutes. 

Weigh a 0.5-gram sample into a tall, 500-ml. lipped beaker, or better still, 
So.xhiet fia.sk. Add 20 ml. of 70% perchloric acid and boil 30 to 60 minutjes. 
Cool some^Yhat, then add a few cubic centimeters of water to dissolve the 
chromium trioxide which coats the particles. If any unattacked ore remains, 
evaporate off the water and boil the concentrated acid again for 20 or 30 min- 
utes. If this treatment does not decompose all the ore, pour off most of the* 
solution, add to the residue 10 ml. of perchloric acid, and boil until the ore is 
dissolved. Add the main decanted solution, evaporate off the water, oxidize 
5 minutes, dilute, and boil off the chlorine. The solution is diluted to a suitable 
volume and when cool, is ready for titration. 

Titration of Chromic Acid. — After the chromium has been oxidized as 
already described, it may be titrated by any of the usual methods. 

(1) Excess of standard ferrous sulfate is added and the excess is titrated 
back by means of standard permanganate, allowing 1 minute for the end point 
if vanadium is present. This method is so well knowm as to need no description. 
In the absence of vanadium, the end point is made much sharper by adding 0.5 
ml. of a 0.1% solution of erioglaucine A, better known as alphazurine (Schultz 
506) as recommended by Knop.^ The change from green to red after the 
addition of an excess of 0.03 ml. of 0.1 N permanganate in 300 ml, if very dis- 
tinct even in the presence of the chromic salt. The color lasts only a few 
seconds. 

(2) Excess of standard arsenite is added, which is then back-titrated with 
permanganate in the presence of hydrochloric acid and a trace of iodide as 
catab'st, as described by Kolthoff and Sandell,** If vanadium is absent, 
alphazurine as indicator improves the end point. In testing this method 2-gram 
samples were used, phosphoric acid was not really necessary, and vanadium 
was determined in the same solution by titration with ferrous sulfate using 
diphenyl benzidine as indicator, following the directions of the authors. Good 
results were obtained. The amount of acetate to be added is discussed in 
connection with the next method. 

(3) The chromic acid (and vanadic acid, too, if present) is titrated directly 
with standard ferrous sulfate either electrometrically in a strongly acid solution, 
or by the use of diphenylbenzidine as indicator in a solution containing phos- 
phoric acid and sufficient sodium acetate to react with all the perchloric acid 
present, according to the method of Willard and Young. The procedure is as 
follows ; After boiling off the chlorine, cool, dilute the perchloric acid solution 
to 200 to 400 ml., add 15 ml. of phosphoric acid (sp.gr, 1.37) and, stirring 
constantly, a weight of sodium acetate trihydrate equivalent to the excess of 
perchloric acid used in dissolving the steel. One gram of iron was found to 
require about 5.4 ml. of 70% perchloric acid for conversion into ferric per- 
chlorate, and 1 ml. of this acid contains 1.17 grams of i)erchIoric acid, equivalent 
to 1.58 grams of crystallized sodium acetate. Thus, if 20 ml. of acid are added, 

« Knop, Z., anal. Chem., 77, 125 (1029). 

•* Kolthoff and Sandell, Ind. Eng. Chem., Anal. Ed., 2, 140 (1930). 

** Willard and Young, Ind. Eng. Chem., 20, 764, 769 (19^). 
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the excess will require about 23 grams of acetate. If the steel was first dis- 
solved in nitric acid, the excess of perchloric acid will be a little greater. The 
proper amount of acetate has been added when more would form a permanent 
white precipitate of ferric phosphate. If this occurs, add dilute sulfuric acid, 
with constant stirring, until the solution clears. Unless the acidity is reduced 
in this way, the color change at the end point will be slow. Add 0.6 to 0.8 ml. 
of 0.1% diphenylbenzidine solution (in phosphoric or acetic acid), and allow 
5 minutes, but not more than 10, for the purple color to develop. It will 
appear brownish until most of the chromic acid is reduced. If no color ap- 
pears, add a few drops of dilute sulfuric acid. Titrate with ferrous sulfate to a 
clear green, approaching the end point carefully. Add a correction of 0,04 ml. 
of 0.1 N ferroms sulfate for each 0.5 ml, of indicator. 

For the electrometric method add 25 to 30 ml, of sulfuric acid (sp.gr. 1.5) 
and titrate chromic plus vanadic acids with ferrous sulfate. If much vanadium 
is present, a much sharper end point is obtained by cooling the solution to 5® C. 

Whichever method is used, it has already been shown that the ferrous 
sulfate should be standardized in the same way and under the same conditions 
of volume and acidity at about the time it is used. 

Titration of Vanadium. — This may be determined by any of the usual 
methods. 

Silica has been dehydrated by the boiling perchloric acid and after the 
titration it may be filtered off and determined. 


Chromium and Vanadium in the Same Sample 

Procedure, Perchloric Acid Method. — Weigh a sample of suitable size, 
varying from 2 grams with low chromium to 0.25 gram with stainless steels, 
into a 500 ml. lipped beaker of tall form or into a 500 ml Soxhlet flask. If 
the latter is used, the watch glass should be placed on very thin glass hooks or 
on a bent platinum wire about 1 mm. in diameter to prevent the formation of a 
liquid seal when the contents of the flask are heated. Add 20 to 25 ml. of 70% 
perchloric acid (dejiending on the size of the sample) and heat very slowly to 
prevent the reaction from becoming violent. After the steel has dissolved 
(usually only 3 to 5 minutes will be required) boil the solution for 15 to 20 
minutes. The longer period is better for high-chromium steels. Cool the 
flask and contents a moment in the air and then in a stream of running w^ater. 
Add 25 ml. of water, rinse off the watch cover into the beaker, and boil the 
solution for 3 minutes to remove all chlorine. Dilute the liquid to 250 to 300 
ml and cool in running water. If the steel contains more than a trace of 
vanadium so that two end points are to be determined in the titration with 
standard permanganate, 15 ml. of phosphoric acid (sp. gr., 1.37) are added 
most conveniently at this point. Add to the solution at room temperature a 
measured excess of 0.1 N ferrous sulfate, and then two or three drops of 0.025 M 
o-phenanthroline ferrous complex. Much of the indicator precipitates, but 
sufficient of it is dissolved for the first end point and all of it dissolves on heating 
the solution before the second titration is commenced. 

Titrate immediately after the solution of the indicator with 0.05 N potas- 
sium permanganate until the color of the solution changes from pink to a clear 

** Willard and Cake, J. Am. Chem. Soc., 42, 2^ 

•• Willard and Young, Ind. Eng. Chem., Anal. Ed., 6, 48 (1934). 
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green. The end point is very sharp and there is almost no return of the pink 
color for a minute or more. Add sufficient crystallized sodium acetate to react 
with the free perchloric acid present. The amount of this salt required may 
he estimated approximately by considering that 5.4 ml. of 70% perchloric acid 
are used to decompose and oxidize each gram of steel and that 1.6 grams of 
the acetate will be required for each cubic centimeter of the acid remaining. 
If preferred, the acetate may be added in small portions to the solution while 
it is being heated, until the addition of further acetate would cause the formation 
of a permanent precipitate of ferric phosphate. Heat the solution to 50° C., 
using a thermometer as stirring rod, and titrate the vanadyl at once with the 
0.05 X permanganate. The oxidizing agent should be added slowly, as only 
a small volume of it will be required and also because the reaction between 
vanadyl and permanganate ions is not instantaneous. The color change at 
the end point is the same as in the first titration and the end point is con- 
sidered as reached when there is no return of a pale pink shade during an inter- 
val of a minute. It is sometimes advisable to add a drop more of indicator 
before titrating the vanadium. 

To determine the normality of the ferrous sulfate solution, add sufficient 
of it to require 35 to 50 ml. of the permanganate to 250 ml. of water containing 
10 to 15 ml. of 70% perchloric acid. Add 2 drops of 0.025 M o-phenanthroline 
ferrous complex and titrate at once with the standard permanganate solution. 

DETERMINATION OF SELENIUM IN STAINLESS STEELS 

Dissolve a 5 gram sample in 60 ml. of a mixture of equal parts of concen- 
trated HNO3 and concentrated HCl in a 500-ml. Erlenmeyer flask. The initial 
reaction is usually very rapid, and can be controlled by cooling the flask. After 
the initial reaction has subsided, solution of the sample is completed on the hot 
plate. 

Add 35 ml. of 70% HCIO4 and evaporate to dense fumes, continue fuming 
until the condensation of the vapor is observed near the neck of the flask. 

Cool, add 100 ml. of cold water and warm slightly to effect solution of salts. 
Filter through a No. 42 Whatman paper to remove silica, washing well with 
HCI (1:1) and hot water. The volume of the filtrate should be held to 150 
to 175 ml. 

Add 125 ml. concentrated HCl and 100 ml. water freshly saturated with SOj. 
Heat to 70° C. and allow to stand at this temperature for three hours. A 
higher temperature tends to increase the contamination of the precipitated 
selenium by occlusion. 

Cool to room temperature and filter the metallic selenium on a weighed 
Gooch crucible. The asbestos should be of the amphibole variety and should 
be thoroughly washed with warm HCl (1:1) and water freshly saturated with 
SO2. After filter has been prepared, dry and ignite at 700° C., cool and weigh. 

Filter the s^jlution containing the selenium through the crucible, wash 
precipitate free of iron with warm dilute HCl (1 : 1). Wash free of acid with 
warm water, followed by two alcohol (90%) washing and one ether washing. 
Dry for one hour at 100° C. and weigh. 

Standard Procedure of the Carpenter Steel Co., Reading Pa., through the Courtesy 
of W^. J. Boyer, Asst. Chief Chemist. 
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Record the gain in weight as “ impure selenium.” To check the purity, 
ignite to constant weight at a temperature of 700® C. If this weight is within 
1.0 mg. of the ignited tare weight, and the asbestos mat show's no marked 
discoloration, consider the selenium pure. Otherwise, subtract the ignited 
weight of the crucible after volatilizing the selenium, and record the difference 
^ pure selenium. Divide the weight of selenium by weight of sample taken, 
times 100, to calculate the per cent selenium. 

Note. — This method runs on an average 0.02% higher as compared to the volumetric 
procedures recently published.** 


THE RAPID DETERMINATION OF MOLYBDENUM IN STEEL ** 


Solutions N ecessary. Hydrochlonc-sulfuric Acid Affxf ure.— H20, 1450 ml . , 
HzSO^, sp. gr. 1.84, 450 ml., HCl, sp. gr. 1.19, 100 ml. 

Nitric-sulfuric Acid Mixture . — H2O, 750 ml, HNO3, sp. gr. 1.42, 350 ml. 
H2SO4, sp. gr. 1.84, 225 ml. 

Potassium Sulfocyanate Solution. — KCNS, 50 grams, H2O, 1000 ml 

Stannous Chloride Solution. — SnCL, 250 grams, HCl, sp. gr. 1.19, 200 ml, 
H2O, 800 ml. Dissolve the stannous chloride in the hydrochloric acid, boil 
until clear, and add the water. Add a few' pieces of metallic tin to prevent 
oxidation. 

Procedure. — Weigh a 0.5-gram sample of steel and place in a 400 ml 
beaker. Add 10 ml of nitric-sulfuric acid mixture. Heat gently until the 
sample is in solution, then evaporate carefully and rapidly on a hot plate to 
copious fumes. Do not use a cover glass. Some trouble due to spattering 
may be experienced at first; how'ever, a little practice in regulating the tem- 
perature of the hot plate will readily overcome this difficulty. To obtain con- 
cordant results all nitrates must be driven off, which necessitates steady 
fuming. 

Cool the contents of the beaker; add exactly 30 ml. of hydrochloric-sulfuric 
acid mixture and heat until the salts dissolve. The amount of hydrochloric 
acid used in this operation is very important; too much will cause a fading of 
the color even before the ether extraction can be made, w'hile not enough of 
this reagent may present difficulties in the solution of the salts. Then add 

30 ml HA ^ ^ 

Cool the solution to room temperature; add from a burette 5 ml of potassium 
sulfocyanate solution. Stir well and add 10 ml of stannous chloride solution 
from a burette and again stir thoroughly. It is very important that all of the 
iron be reduced before the extraction is made; therefore, after the addition of 
the stannous chloride care should be taken that none of the unreduced solution 
is left on the sides of the beaker. 

£xfr<icfion with Eihet . — Transfer the acid solution to a separatory funnel 
of suitable size; add 20 ml of ether and shake well Return the acid solution 


*• Determination of Selenium in 18-8 Stamle^ Steels, by G. G. Marvin with W. C. 
Schumb. Ind. & Eng. Chem, Anal. Ed., 8, 109 (19^). Determination of ^lemum m 
Steel, by W. C. Coleman and C. R. McCrosky. Ind. & Eng Chem., Anal. Ed., 8, 196 
(1936). Gravimetric Determination of Selenium in AUoy Steels, by Loins Silverman. 

Ind. <fe Eng. Chem., Anal. Ed, 8, 132 (19361 oxitfTnrt r*fr. 

” By O. L. Maag and C. H. McCollan, The Timken Steel & Tube Company, Canton, 

Ohio, Ind. Eng. Chem,, 17, 524 (1925). 
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to the original beaker and draw off the ether solution into a clean, dry 50 ml. 
graduated cylinder. Shake out the acid mixture with successive 10 ml. por- 
tions of ether until all color is removed, if one extraction does not remove same. 
The volume of ether used for the sample should be approximately the same as 
is required to give a corresponding color with the standard. Transfer the 
combined ether solutions to a graduated matching tube. 

Color Comparison . — For this operation a Kennicott-Campbell Hurley 
colorimeter may be used. Illumination is supplied by a Wratten Safelight No. 
2, made especially for dark-room purposes. This fixture carried a 50 watt bulb, 
which gives sufficient light and does not materially affect the atmospheric 
temperature and thus cause a rapid deterioration of the standard due to 
evaporation of the ether. It is essential that the light be so placed that the 
illumination is equal on both mirrors. 

Place the matching tube containing the unknown in the colorimeter, and 
adjust the leveling device until the depth of color in the tube containing the 
standard equals that of the unknown. Take the reading in milliliters of the 
standard solution in the graduated matching tube. From this value the 
molybdenum content of the unknown steel can be calculated. 

Standard Solution . — Weigh two 0.5-gram samples of standard steel. Run 
through in the usual manner and make the ether extract up to exactly 50 ml. in 
the standard matching tube. Place in the colorimeter and compare. If the 
color tints match, one sample may be diluted to exactly 100 ml. as a standard for 
low' percentage molybdenum, or the two may be united to make a standard for 
steels with a higher molybdenum content. Transfer to the leveling tube of 
the colorimeter. 

The top of the leveling tube should be covered when not in u.se, in order to 
increase the time that a standard can l>e used. Since the deterioration of a 
standard is generally due to evaporation of the ether rather than l)rcakii\g 
down of the salt, its life is largely dependent on the room tern i>t‘rature. In thi.s 
laboratory the .standard is renew'ed every tw'o hours, two samples of standard 
steel Ijeing kept fuming slightly on the cooler portion of the hot plate, to l>c used 
w'henever the standard in use is sus|>ected. 

Calculation of Results. — If a steel containing 0.25% molybdenum is used 
as a standard, a l-gram sample wdll contain 0.002.3 gram of molybdenum; on 
dilution to 100 ml. each cubic centimeter will contain 0.(K)0025 gram of molyb- 
denum. If 14 ml. of the standard are u.sed to match the color of the unknown 
steel, the unknowm must contain 14X0.000025, or 0.000522 gram. 

Since the w'cight of the unknown u.sed Ls 0.5-gram, it will contain twice this 
amount per gram, or 0.004%. 


Ml. standard (14) X grams/ml. (0.(X)0025) 
Gram.s sample (0.5) 


= % Mo (0.0r>4). 


ELECTROLYTIC DKTKHMINATION OF TITANIUM, ZIRCONIUM 
OR ALUMINUM IN CHROMIUM 8TEELH AND ALLOYS 

The practice of adding 0.5 to 3% titanium or zirconium to “ Enduro ’’ and 
other high chromium alloys during the last few yearn has created a demand for 

iw jjy jj Kar, Research Chemist, ITie Timken Steel Tube Co., Canton, Ohio, 
Metals and Alloys, (1935). 
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a short and accurate method for determining the exact amount of these elements, 
held in the steel. By electrolysis the interfering elements are deposited while 
titanium, zirconium and aluminum, if present are left in the solution. 

Apparatus . — The mercury in this method is used as the cathode and the 
power is supplied by a 1/1 6-in. thick platinum wire sealed in a glass tubing. 
About 34 Iri- of the platinum wire is left outside the lower end of the sealed glass 
tube to be dipped in the mercury from the side of the beaker and about 2 in, 
above the upper end of the glass tubing to be connected to the negative pole 
of the circuit. 

A platinum plate, about 134 io. in diameter, welded to a 344n. thick plati- 
num wire and sealed in a glass tube, is used as the anode. The anode is con- 
nected to the positive pole of the circuit, and lowered about ^ in. below the 
surface of the solution. The plate is provided with a hole about % in, diameter 
in the center for the stirring rod. 

The mercury is constantly agitated during electrolysis by a " T ’’-shaped 
glass rod passing through the hole in the plate and attached to a motor driven 
stirrer. The T ” end of the rod reaches the bottom of the mercury and is 
adjusted to operate without touching the beaker or electrodes. 

Procedure, — Transfer one gram sample (two grams if titanium is less than 

0.5%) to a 200-mI. beaker, add 20 to 40 ml. of 10% sulfuric acid, and heat slowly 
until action is complete. Filter into a 200 ml. tall electrolytic beaker containing 
mercury about one inch deep, wash a few times with water, and reserve the 
paper, nie filtrate and washing should not exceed 75 ml. in volume 

Set the beaker containing the solution in a trough of circulating water and 
electrolyze at 4 amp. for 134 to 2 hrs. As soon as electrolysis begins, transfer the 
reserve filter paper to a platinum crucible and ignite. Cool, add a little potas- 
sium bisulfate and fuse. Add 5 ml. water and 3 drops of sulfuric acid in the 
crucible and lieat to dissolve the melt. Cool and combine with the main 
solution. 

At the end of a set period, withdraw a drop of the electrolyte and treat 
with a drop of fresh 1% solution of potassium f errocyanide ; if a blue color does 
not develop, raise the electrodes above the surface of the electrolyte and wash 
with cold water. Shut off the power and get the beaker out of the water 
trough. Filter, wash about 5 times with cold 34% sulfuric acid and proceed 
with the filtrate by either of the following two methods. 

1. Add enough sulfuric acid to the filtrate to make it 10% acid by volume, 
cool and treat slowly with 6% solution of cupferron while stirring, until furthr 
addition does not cause a precipitate. Allow this to settle for 5 min. ^ Filter on 
suction and wash 5 times with 10% cold hydrochloric acid and 10 times with 
cold water. Transfer the paper to a platinum crucible, dry and ignite. Volatd- 
ize the silica with hydrofluoric acid in the presence of sulfuric acid and again 
ignite at 1000“ C. in an electric muffle for one-half hour. Cool and weigh. 

2. Treat the filtrate with excess of ammonia, add a couple of crystals of 
ammonium persulfate and boil for 2 min. Add paper pulp in the beaker and 
stir. Filter and wash with aramoniacal hot water. Transfer the paper to a 
platinum crucible and ignite. Volatilize the silica with hydrofluoric and sul- 
furic acid and ignite at 1000° C. in an electric mufflle for 34 hr. Cool and 
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Fuse the residue left in the crucible with a little potassium bisulfate, cool 
the melt and dissolve in 20 ml. of 20% sulfuric acid. Transfer the solution 
to a 200-ml. beaker, add 2 grams of citric acid, and stir to dissolve. Render 
the solution decidedly alkaline with ammonia and saturate for 5 min. with 
H 2 S. Filter and wash 10 times with 5% ammonium citrate saturated with 
ammonium sulfide. Transfer the paper to a crucible and ignite. Cool and 
weigh. The difference in weight is titanium or zirconium oxide. If titanium 
is sought multiply by 60, and if zirconium is sought multiply the weight of 
oxide by 73.9. 

This method can be applied to all kinds of steel alloyed with titanium or 
zirconium. 

Determination of aluminum in nitralloy or other aluminum alloy steels is 
made by this method, proceeding exactly as described above and precipitating 
aluminum by ammonia after iron, chromium and other interfering elements 
are deposited. 

The determinations of titanium and zirconium in feirotitanium and ferro- 
zirconium are also made by this method, precipitating either one by cupferron 
after electrolysi.s is completed. 

This procedure works well for uranium in steels, if vanadium is absent. 
Mercury does not dcjx>sit the vanadium as it does the iron, manganese, chro- 
mium, cobalt, nickel, molybdenum, tin and copper. 

The mercury can be cleaned and used again after every determination either 
by shaking it in a separatory funnel with concentrated hydrochloric acid, or 
pressing through a chamois skin. 



ALLOYS, m 
FERRO-ALLOYS 


TENTATIVE METHODS OF CHEMICAL ANALYSIS OV 
FERRO-ALLOYS ^ 

A. S. T. M. Desigj^ation: A 104-36 T 2 
FERROSILICON 

Determination of Silicon by Fusion with Sodium Peroxide and 
Dehydration with Hydrochloric Acid 

Transfer 0.5000 g. (use 0.4000 g. for 90% silicon) of the finely powdered 
sample (passing a No. 150 sieve to a 50-ml. pure iron crucible made from No. 
20 gage (0.32 in. thickness) ingot iron, add approximately 10 g. of sodium 
peroxide. Mix thoroughly with a platinum or iron rod and carefully clean the 
rod of adhering particles by scraping with another rod. Cover the mixture 
with a layer of about 2 g. of additional peroxide. Heat the crucible and con- 
tents on a hot plate for 5 to 10 minutes to expel any water in the peroxide which 
would cause spattering in the subsequent fusion. Carefully fuse over a low 
flame by holding the crucible with a pair of tongs and slowly revolving it 
around the outer edge of the flame until the contents have melted down quietly. 
When the fui^ion is molten rotate the crucible carefully to stir up any unattacked 
particles on the bottom 6r sides, the crucible and contents being maintained at 
a low red heat. Just before completion of the fusion, which requires only three 
or four minutes, increase the teniiierature to bright redness for a minute. If 
the reaction has proceeded too violently, due to too rapid heating, to the use of 
insufficient sodium peroxide, or to the lack of thorough mixing, appreciable loss 
will occur and the work should be repeated. 

Cover the crucible and allow it to cool until the fusion has solidified, and 
tap the crucible, while still warm, several times on an iron plate, which will 
loosen the fused ma>ss in a solid cake. When the crucible and cake have com- 
pletely cooled, transfer the cake to a large (275-ml.) gold or preferably platinum 
dish. Cover the di.«^h with a clock glass and cautiously add 50 ml, of cold water. 

^ Under the standardization procedure of the Society, these methods are under the 
jurisdiction of the A. S. T. M. Coniniittee K-3 on Chemical Analysis of Metals. Repro- 
duced through the courte.sy of the American Society for Testing Materials, 260 S. Broad 
St. Philadelphia, Pa. 

2 This is a Terdalm Standard and ui\der the Relations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Headquarters 
of the Society, 280 S. Broad St., Philadelphia, Pa. Issued as Tentative, 1925* Adopted, 
1927; Revised, 1934; Reverted to Tentative, 1936. 

* For detailed specifications for this sieve, see Standard Specifications for Sieves for 
nesting Purposes (A S T M. Designation: E 11) of the American Society for Testing 
Materials, 1936 Book of A. S. T. M. Standards, Part 11, p. 1413. 
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When the reaction ceases, wash the small amount of adhering matter in the 
crucible into the dish with a little water. Cool the solution and carefully add 
an excess of hydrochloric acid. Evaporate to dryness, preferably on a steam 
bath, but do not bake at a temperature above 110° C. If platinum or gold 
dishes are not av’ailable for solution of the fused cake, the latter can be dis- 
integrated with water in a pure nickel dish and the contents then transferred 
to a porcelain dish containing sufficient hydrochloric acid to provide an excess 
of acid. It is not desirable to dissolve the fusions directly in porcelain, because 
of the action of the alkaline solution, 

Wffien the residue is dry, allow the dish to cool. Add 10 ml. of hydrochloric 
acid (sp.gr. 1.13), cover the dish and heat gently for a few minutes. Dilute 
\\ith 100 ml. of hot water, digest for a few minutes and filter through an 11-cm. 
paper. Wash about eight times with hot 5% hydrochloric acid, three times 
with warm 5% sulfuric acid and a few times with hot water. Reserve this 
paper until the second evaporation has been completed. 

Evaporate the filtrate to dryness and bake the covered casserole or dish 
at 110° C. for one hour. Heating at a higher temperature is unneccs.'^ary and 
also disadvantageous. Cool, add 10 ml. of hydrochloric acid (1 : J), digest on 
the steam bath for ten minutes, add 100 ml. of warm water, filter immediately 
and wash about eight times with cold 1% hydrochloric acid, twice with cold 5% 
sulfuric acid and a few times with cold water. 

Place the paper and silica from the second dehydration in a large partially 
covered platinum crucible and char the paper withf)ut inflaming. Add the 
paper containing the silica from the first dehydration, char as before and then 
Ignite carefully until the carbon has been burned off. Great care should be 
exercised in igniting the papers as the current of air produced by a burning 
filter is sufficient to carry finely divided silica out of the crucible. When the 
carbon of the filter paper has been completely burned, gradually heat the tightly 
covered crucible in a muffle at 1100° to 1125° C. for 30 minutes. Cool in a 
desiccator, weigh and check for constant weight by ten minutes additional 
heating at the above temperature. Add sufficient sulfuric acid (1 : 1) to 
moisten the silica and then 15 to 20 ml. of pure hydrofluoric acid (48%), 
Evaporate to dryness, ignite and weigh. The lo.ss represents silica which con- 
tains 46.72% nf silicon. A blank, not omitting the same amount of hydrofluoric 
acid, should be carried through all stages of the operation. 

XoTE. — The silica remaining in the filtrate after the second dehydration Ls practically 
negligible, averaging about 0.0006 to 0.00 10 g. in hydrochloric dehydration and 0.0010 
to O.OOlo g. in sulfuric dehydration. 

FERROMANGANESE 

Determination' of Mang.xn'ese ry the MornnED Rismuth.^te Method^ 

Reagents Required: Dilute Nitric Acid (sp.gr. 1.13S), — Mix 280 ml. of nitric 
acid (sp.gr. 1.42) and 720 ml. of distilled water. Test for proper sixjcific 
gravity. 

Dilute Nitric Acid (3 : 97). — Mix 30 ml, of recently boiled nitric acid 
(sp.gr. 1.42} and 970 ml. of distilled water. Add a little sodium bismuthatc 
and shake well. 

*J. of Ind. Eng, Chemistry, !($, .58 (1924), 
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Asbestos . — Asbestos for tliis work should be digested in hot nitric acid 
(sp.gr. 1.42) and then washed free from acid with distilled water. 

Sodium Bismuthate . — This reagent should be of 80% grade and its oxidizing 
power tested as follows: Shake 0.5 g. of the reagent with 4 g. of potas.sium iodide 
and a little water in a stoppered flask. Add 15 ml. of hydrochloric acid and 
allow to stand in the dark, with occasional shaking until the bismuthate has 
entirely decomposed. Dilute to 300 ml. and titrate with 0.1 N sodium thio- 
sulfate, using starch as an indicator at the end. One milliliter of 0.1 N Na2S203 
equals 0.0140 g. of NaBiOa. 

Standard Potassium Permanganate Sofuffon.— See the Determination of 
Chromium in Ferrochromium.^ One milliliter of 0,1 N KMn04 equals 0.001099 
g. of manganese. 

Method: (A) Soluf/on of the Sample . — All samples should be crushed to 
approximately a size to pass a No. 100 sieve and dried at 105° to 110° C. 

With high-carbon 80% ferromanganese, dissolve 0.25 g. of the prepared 
sample in 00 ml. of nitric acid (sp.gr. 1.42) in a 750-inl. Krlenmeyer flask, pro- 
vided with a clock-glass cover or trap to prevent loss by spraying. 

Add 2 g. of pota.s.sium nitrate and boil gently until the volume of the solution 
has been reduced to about 15 ml. Cool, add 10 ml. of H2SO4 (1 : 1) and 
evaporate to strong fumes of sulfuric acid. Cool somewhat, dilute the solution 
with 200 ml. of HNO3 (sp.gr. 1.135), heat to boiling, remove from the heat and 
add sodium bi.smuthate a little at a time until a precipitate of manganese 
dioxide has formed. When this occurs, add sulfurous acid dropwise until the 
precipitate has dissolved and an excess of about 1 ml. has been provided to 
reduce any chromium to the tri valent form. Boil the solution about five 
minutes to completely expel oxides of nitrogen, dilute to 250 ml. with w^ater, 
cool the flask and solution in crushed ice and treat as described later. High- 
carbon ferromanganese containing 1% or more of chromium may not dissolve 
completely in nitric acid. In this case, dilute the solution after treatment with 
nitric acid, filter, and fuse the washed residue with a little sodium carbonate. 
DLssolvc the melt in a small volume of nitric acid (sp.gr. 1.135), and add it to 
the main solution. Treat with potassium nitrate, etc., as previously described. 

With low-carbon ferromanganese or manganese metal dissolve 0.2500 g. 
of the sample in 250 ml. of nitric acid (sp.gr. 1.135) in a covered 750-ml. Erlen- 
meyer flask and boil the solution gently for a few minutes to expel oxides of 
nitrogen. Treat with bismuthate and sulfurous acid as described above. ^ 

With silico-manganese (00 to 70% of manganese) and manganese-silicon 
(20 to 25% of manganese) treat 0.3000 g. of the former and 1.000 g. of the latter 
with 5 ml. of hydrofluoric acid in a large platinum dish equipped with a gold 
or platitium cover. (Some spiegeleisens are completely soluble in nitric acid in 
which case the sample can l}0 dissolved directly in 250 ml. of nitric acid (sp.gr. 
1.135). When the reaction moderates, add nitric acid (sp.gr. 1.42) a few drops 
at a time until the sample has completely dissolved. Add 10 ml. of nitric acid 
((sp.gr. 1.42) and evaporate to a syrupy consistency. Again add 10 ml. of 
nitric acid (sp.gr, 1.42) and evaporate as before to expel hydrofluoric acid. 
Dissolve the residue in nitric acid (sp.gr. l,13o), transfer to a 750-ml. Erlen- 
incyer flask, dilute with nitric acid (sp.gr. 1.135) to 250 ml. and treat as de- 
scribed before with sodium bismuthate, etc. 

‘Seep. 1490. 
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(B) Oxidation of Manganese ^ — If the preceding directions have been 
followed, the manganese will be present in a concentration of approximately 
0.001 g. per 1 ml. of nitric acid (sp.gr. 1.135). This concentration of manganese 
and nitric acid, together with a temperature of 10 to 15° C. are the conditions 
which insure maximum stability of the permanganic acid, formed as further 
described. To insure complete oxidation of the manganese to permanganic 
acid, it is essential that the sodium bismuthate (80% of NaBiOs) be used in 
the ratio of at least 26 g. to every gram of manganese in solution. Add ap- 
proximately 7.0 g.'of sodium bismuthate (80%) to the flask, agitate briskly for 
one nunute, dilute with 250 ml. of cold water, and filter immediately on a layer 
of acid-washed asbestos supported on a 2-in. alundum or perforated porcelain 
plate resting in a large glass funnel. The filter can be washed free from man- 
ganese more readily if not allowed to run dry during the filtering and washing. 
Wash the filter and residue with cold 3% nitric acid until the washings are 
entirely colorless and immediately treat the filtrate and washings as described 
in the following paragraph. 

Weigh accurately 9.000 g. of ferrous ammonium sulfate, taken from a bottle 
of the well-noiixed salt, and add to the filtered solution of permanganic acid. Stir 
briskly and as soon as the reduction is complete and the salt has dissolved, 
titrate the excess of ferrous salt with 0.1 X potassium permanganate. The 
manganese value of the ferrous salt is obtained in the following manner: 

Two hundred and fifty milliliters of nitric acid (sp.gr. 1.135) contained in 
a 750-ml. Erlenmeyer flask are treated with approximately 2.0 g. of sodium 
bismuthate and the solution is \igorously agitated for one minute, diluted with 
250 ml. of cold water, and immediately filtered on a layer of acid-washed 
asbestos as pre\'iously described. Five (5.0000) grams of the ferrous ammonium 
sulfate are added to the filtrate and the resulting solution is immediately titrated 
with 0.1 N KMnO^ until a faint pink color appears. The excess of perman- 
ganate used to cause an end point color must be determined by watching the 
color in another beaker containing the same amounts of acid and cold water. 

Notes. — 1. Chromium when less than 2% does not cause any interference if the 
reactions are rapidly done in cold solutions. Larger amounts interfere to some extent 
and should be separated prior to the final oxidation with bismuthate. 

2. The ^vimetric determination of manganese by the pyrophosphate method 
will give hi^ values if the precipitate of inanganese ammonium phosphate is allowed 
to stand more than ten hours before filtration. 

3. Volumetric methods such as Volhard's, Ford-Williams' and Julian’s do not permit 
the use of a theoretical litre. Each nece^isi tales the use of an empirical litre obtained 
bv titration of material of known manganese content which has been carried through 
all steps of the method. 

Determination of Carbon by the Direct-Combustion Method 

See the Determination of Carbon in Ferrochromium by the Direcl-Combu.s- 
tion Method.* A furnace temperature of 1150° to 1175° C. suffices, and high- 
silicon material should be covered with 1 or 2 g. of ingot iron. 

Determination of Phosphorus by the Alkalimetric Method 

Solutions Required: Dilute Nitric Acid (sp.gr, 1J3S ). — Mix 280 ml. of 
HNOa (sp.gr. 1.42) and 720 ml. of distilled water. 

*Seep. 1493. 
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Ammonium Molybdate . — See the Determination of Phosphorus in Ferro- 
vanadium by the Modified Molybdate-Magnesia Method.^ 

Standard Sodium Hydroxide . — Dissolve 6,5 g, of purified NaOH in 1000 ml. 
of distilled water, add a slight excess of a 1% solution of Ba(OH)2, let stand 
for 24 hours, decant the liquid and standardize against Bureau of Standards 
Standard Benzoic Acid as follows: Dissolve 0.6 g. of benzoic acid in 15 ml. of 
alcohol in a small Erlenmeyer flask and titrate in the cold with phenolphthalein 
indicator, taking precautions to prevent access of carbon dioxide from the air 
during titration. The ratio of phosphorus to sodium hydroxide is taken as 
1 to 23 in calculating the value of the sodium hydroxide. Protect the solution 
from carbon dioxide with a soda-lime tube. 

Standard Nitric Acid . — Mix 10 ml. of HNO3 (sp.gr. 1.42) and 1000 ml. of 
distilled water. Titrate the solution against the standard hydroxide solution, 
using phenolphthalein as an indicator. Adjust the solution so that it is equiva- 
lent to the sodium hydroxide solution, 

Dilute Ammonium Hydroxide {sp.gr. 0.96 ). — Dilute 400 ml. of NH4OH 
(sp.gr. 0.90) with 600 ml. of water. The strength of this solution should be 
established by titration or test with a hydrometer. 

Method. — Dissolve 2.000 g. of the sample in 70 ml. of nitric acid (sp.gr. 1.42), 
evaporate to dryness and bake for two or three hours at 120"^ C. High-silicon 
alloys may require the addition of a little hydrofluoric acid for complete decom- 
position. In this case, several evaporations with 15 ml. portions of nitric acid 
(sp.gr. 1.42) should be made to remove hydrofluoric acid before the baking 
treatment. Moisten the residue with 25 ml. of dilute hydrochloric acid (1 : 1), 
digest a few minutes,^ add 75 ml. of water, heat until the salts are dissolved and 
then filter to remove silica. Evaporate the filtrate to a syrupy condition, add 
15 ml. of nitric acid (sp.gr. 1.42) and again evaporate to a small volume. Again 
add 15 ml. of nitric acid (sp.gr. 1.42) and evaporate to a small volume. Add 
100 ml. of nitric acid (sp.gr. 1.135), heat to boiling and add a 1.5% solution of 
potassium permanganate until oxides of manganese are precipitated. Dissolve 
the oxides of manganese by addition of sulfurous acid and boil to expel the 
oxides of nitrogen. To the cold solution add 40 ml. of NH40H (sp.gr. 0.96) and 
50 ml. of ammonium molybdate solution and shake for 5 minutes. Allow to 
settle for 10 minutes; for material containing less than 0.02% of phosphorus, 
allow to stand 30 minutes. Filter and wash 10 times with a 1% solution of 
KNO3. Return the precipitate and paper to the precipitating vessel, add 1 to 3 
ml. in excess of standard NaOH solution and 25 ml. of water, both free from car- 
bon dioxide, and shake or stir until the precipitate is dissolved. Dilute to 100 
ml. with water free from carbon dioxide, add 3 drops of a 0.2% solution of phe- 
nolphthalein, and discharge the pink color with standard acid. Finish the titra- 
tion by adding standard alkali until the reappearance of the pink color. With 
very low phosphorus material this titration should be corrected by a blank 
carried through all steps of the method, 

Note.— If vanadium is present in amount over 0 . 08 % it should be reduced by 
ferrous sulfate and sulfurous acid before precipitation with molybdate. 

^ See p, 1496. 

* -Addition of a little sulfite or sulfurous acid facilitates solution after the baking 
treatment. 
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Determination op Sulfur by the Oxidation Method 

Proceed as in the Determination of Sulfur by the Gravimetric Method 
as described in the Tentative Methods of Chemical Analysis of Steel, Cast 
Iron, Open-Hearth Iron and Wrought Iron (A. S. T. M. Designation : E 30-36 T) 
of the American Society for Testing Materials.® 

Notes. — Routine determinations of sulfur can be made by the evolution method 
provided concentrated hydrochloric acid (sp.gr. 1.19) is used, preferably in all-glass 
apparatus of the Pulsifer type. 

Determination of Silicon by the Nitro-Sulfuric Acid Method 

Solutions Required: Nitro-Sulfuric Acid . — Pour ICO ml. of sulfuric acid 
(sp.gr. 1.84) slowly and with stirring into 660 ml. of water and add 180 ml. of 
nitric acid (sp.gr. 1.42). 

Method. — Dissolve 0.9344 g. of the sample passing a Xo. 100 sieve with 
50 ml. of the nitro-sulfuric acid in a 250-mi. porcelain casserole and evaporate 
until copious fumes of sulfuric acid are evolved. After the solution has cooled 
somewhat add 125 ml. of distilled water and 5 ml. of HCl (sp.gr. 1.19). Heat 
with frequent stirring until all salts are dis.solved and immediately filter on a 
9-cm. paper. Wash the precipitate with cold dilute HCl (5 : 95) and hot water 
alternately to complete the removal of soluble salts, and finally with hot water 
until free from acid. Transfer the filter to a platinum crucible, char the paper 
carefully, and finally ignite with the crucible covered over a blast lamp or in a 
muffle furnace at 1050° to 1 100° C. for at least 10 minutes ; cool in a desiccator 
and weigh. Add sufficient dilute sulfuric acid (1 : 1) to moisten the silica 
and then a small amount of hydrofluoric acid. Evaporate to dryness, ignite 
and weigh. The difference in weights divided by 2 and multijilicd by 100 
represents the percentage of .silicon in the alloy. 

Note. — For silico-manfinnese and manganese-silicon, fuse 0.4672 g. of the former or 
0.2336 g. of the latter with 8 g. of sfKliurn j)eroxidc in a pure iron crucible. I)is.solve the 
fusion and cvaji^jrate to fumes of sulfuric acid. When acidifying the Sfdutirm of the 
fu.sion with sulfuric acid it i.s necessary Ut add some sulfurous acid to dissolve the man- 
ganese dioxide which separates out. 


PERROCHROMIUM 

Determination of Chromium by Fu.sion with Hodium Peroxide 

Solutions Required: Potassium Permanganate , 0.1 N . — Dissolve 3.2 g. of 
potassium permanganate in 1000 ml. of di.stilled water, allow to age for at least 
ten days and filter through purified asbestos. Standardize the jicrmanganate 
solution against 0.2 g. samples of Bureau of Standards Standard Sodium 
Oxalate by the procedure given on p. 1431. 

Staruiard Ferrous Ammonium Sulfate . — Dissolve 43 g. of the salt in 250 
ml. of cold w^ater, add 40 ml. of sulfuric acid (1 : 3), dilute to one liter with 
distilled water, and mix thoroughly. Large amounts of the solution can be 

• See p. 1440. 

For detailed Hpecili cations for these sieves, see Standard Specifications for Sieves 
for Testing Purpr^ses (A. S. T. M. Designation; E 11) of the American Society for Testing 
Materials, 1936 Book of A. S. T. M. SUndards, Part II, p. 1413. 
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conveniently mixed by means of a stream of carbon dioxide from a cylinder. 
As the ferrous ammonium sulfate solution gradually weakens in reducing 
power it is necessary to standardize it daily or at the same time the ferro- 
chromium is analyzed. The solution can be standardized against either potas- 
sium dichromate or sodium oxalate. 

The first method is somewhat simpler and more satisfactory for routine 
work as the conditions prevailing in both the standardization and in the analysis 
are practically identical. No “ blank ” corrections are afterwards necessary 
where the amounts of dichromate, ferrous salt and permanganate are approxi- 
mately those prevailing in the analy.sis. The second method is employed 
chiefly for checking the accuracy of the results obtained with potassium di- 
chromate and in cases where only occasional analyses are made and pure di- 
chromate is not readily available. 

To prepare pure potassium dichromate, recrystallize at least twice the 
purest grade of the salt obtainable, dry the crystals at 150® C., grind to a fine 
powder and again dry at 150® C, to constant weight. Keep the prepared salt 
in a ground-glass stoppered bottle. Transfer 1.0000 g. of the pure dichromate, 
which contains approximately the same amount of chromium as an 0.5000-g. 
sample of 70% ferrochromium, to an SOQ-ml. beaker. Di.ssolve in cold water, 
acidify with 40 ml. of sulfuric acid (1:3) and dilute with cold water to 500 ml. 
Add a slight exce.ss of the ferrous sulfate solution, approximately 190 ml., and 
titrate the excess ferrous salt with 0.1 N permanganate to the first faint per- 
manent darkening of the clear green color. 

Bxamplf. — The calculations involved are illustrated as follow’s: In a standardization, 
190,0 ml. of the ferrous solution was used and o.OO ml. of 0.1 N permanganate was 
required to titrate the excess. 

I ml. of 0,1 N K 2 Cr 207 contains 0.004903 g. of K 2 Cr 207 
1 g. of Iv 2 Cr 207 equals 203.94 ml. of 0.1 N K 2 Cr 207 

then; 

203.944-5.00 = 200.0 ml. of equivalent 0.1 X solution reduced by the ferrous solution. 

= 1.100, the 0.1 .X normality factor. 

In standardizing through sodium oxalate, it is necessary to add the ferrous 
ammonium sulfate .solution by means of an accurately calibrated pipette or 
burette instead of an automatic pipette. Transfer 100 ml. of the approximately 
0.1 N ferrou.s .solution to a GOO-ml. beaker, dilute to 300 ml. with cold 5% 
sulfuric acid, add 2 ml. of phosphoric acid and titrate immediately with 0.1 N 
KMnOi to a faint permanent pink color. Determine the “ blank ” on the same 
volume of water and acids and deduct. When this method is used it is neces- 
sary in the actual analysts to determine a “ blank ” to counteract the influence 
(jf the green color of the chromium sulfate upon the permanganate end point. 
This blank can be determined in the solution used in the analysis and is 
obtained as described later. . » • j 

Method.— Transfer 0.5000 g. of the sample of ferrochromium (dried at 
105® to 110® C.) to a 30-ml. heavy-wallcd porcelain crucible. Samples of low- 
carbon ferrochromium should be crushed to pass through a No. 40 screen, w^hile 
high-carbon ferrochromium and chromium metal should be reduced to pass a 
No. 100 screen. Add approximately 8 g. of sodium peroxide and thoroughly 
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mix the contents of the crucible with a small rod, being careful to clean the rod, 
which can be done conveniently by scraping with another rod. Cover the 
mixture with 1 to 2 g. of sodium peroxide. Carefully fuse the contents of the 
covered crucible, preferably in an electric muffle heated to 600® to 700® C. 
Fusion for five minutes at a low red heat after the mass has melted will insure 
complete decomposition. When the charge has melted, the crucible should be 
given a slight rotary motion to stir up any unattacked particles. 

Place the cooled crucible and cover in a 600-ml. beaker and dissolve the 
contents in 200 ml. of water. When the melt has dissolved, remove the crucible 
and cover, add 1 g. of sodium peroxide and boil the solution ten minutes to 
completely decompose the excess of peroxide. 

Allow the precipitate to settle and filter through a pad of ignited asbestos, 
preferably in a Buchner funnel. An asbestos rather than a paper filter should 
be used, for the alkaline solution extracts reducing matter from paper which 
would cause low results for chromium. Thoroughly wash the precipitate with 
hot water, and at no time allowr the precipitate to run dry during the filtering 
and washing. If desired, the precipitate can be subsequently dissolved in 
dilute sulfuric acid and tested for chromium by adding a slight excess of sodium 
peroxide; the amount of chromium retained is negligible if the precipitate is 
filtered and w*ashed as directed. 

Cool the filtrate, acidify with 50 ml, of sulfuric acid (1 : 1), again cool to 
room temperature, transfer to an 800-ml. beaker, dilute with cold water to 
500 ml. and add a measured excess of ferrous ammonium sulfate. The point 
at which reduction is complete can be told by changes in the deep green color 
which is developed. The ferroms salt can be added either as an approximately 
0.12 N solution or in weighed portions from a bottle of the well-mixed salt. 
If the solution of ferrous salt is used, approximately 180 ml. will be required 
for a 70% alloy; if the salt is added, 8 g. w’ill usually be sufficient. Titrate 
the excess of ferrous salt with standard 0.10 X potassium permanganate. The 
first faint permanent darkening of the clear green color is taken as the end point, 
which is quite sharp and well defined to the practiced eye. If the ferrous salt 
has been standardized against dichromate, subtract the required number of 
milliliters of 0.1 X permanganate from the number of milliliters of 0.1 N ferrous 
solution (obtained by multiplying the number of milliliters of the approximately 
0.1 ferrous solution by the 0.1 X normality factor). The difference repre- 
sents the number of milliliters of 0.1 X ferrous solution which multiplied by 
0.001733 g. gives the number of grams of chromium pre.sent. 

Where the ferrous solution has been standardized against sodium oxalate, 
it is necessary to subtract a “ blank ” from the permanganate titration. This 
** blank is obtained as follows : When the end pfjint is reached and the readings 
have been noted, add about 5 ml. in excess of the ferrous solution and oxidize 
the excess of ferrous iron by adding 8 ml, of a 15% solution of ammonium 
persulfate. Stir the liquid vigorously for one minule. Carefully add 0.1 N 
permanganate to the solution with constant stirring until the same end point 
is obtained aa before. The volume of permanganate required, usually 0.2 to 
0.4 ml., constitutes the blank to be deducted from the volume of the per- 
manganate titration. For example, in the determination of chromium in an 
0.5000-g. sample, 190.0 ml. of a O.ll N ferrous solution and 11.00 ml. of 
0.1 N permanganate (11.40—0.4 ml. blank) were employed. 



FERRO-ALLOYS 


1493 


The calculations are as follows; 

190.0X1.100 = 209.0 ml. of 0.1 N ferrous solution 

209.0-11.0 =198.00 ml. 

198.0X0,001734X2X100 = 68.65% of chromium 

The above calculations are given for exactly 0. 1 N permanganate ; if the 
permanganate is not 0.1 N, the volume used must be converted to the equiva- 
lent of 0.1 N by multiplying by the proper factor. 

Determination of Carbon by the Dikect-Combustion Method 

Determine carbon by the direct-combustion method described in the Tenta- 
tive Methods of Chemical Analysis of Steel, Cast Iron, Open-Hearth Iron 
and Wrought Iron (A. S. T. M. Designation ; E 30-36 T) of the American 
Society for Testing Materials, “ with the following modifications: 

1. Ferrochromium alloys require a furnace temperature of 1150'' to 1230° C. 
in order to yield all of the carbon in the material. 

2. The determination is made as given in the reference except that the 
weighed sample of ferrochromium, 0.5000 g. for 4 to 8% carbon and 3 to 1 g. 
for 0.10 to 2.00% carbon, is mixed with 1 g. of copper oxide and covered with 
2 g. of pure ingot iron drillings in order to facilitate complete combustion. 

3. On account of the small weight of sample used, the blanks are important 
and must be carefully determined. 

Determination of Silicon 

Low-carbon ferrochromium and chromium metal can be decomposed by 
means of dilute sulfuric acid, but the high-carbon alloy has to be fused with 
sodium peroxide. For low-carbon ferrochromium, transfer 0.9344 g. (a double 
factor weight) to a 250-ml. porcelain casserole, add 60 ml. of sulfuric acid 
(1 ; 4) and warm the covered casserole gently until the reaction is complete. 
For high-carbon ferrochromium, transfer 0.9344 g. of the sample passing a No. 
100 sieve to a 30-m]. pure iron crucible made from No. 20 gage (0.032 in. 
thickness) ingot iron. Add approximately 8 g. of sodium peroxide, mix thor- 
oughly and fuse as directed under the determination of chromium. When 
the fiKsion has solidified, tap the covered crucible, 'while still 'warm, on an 
iron plate to loosen its contents in a solid cake which is then transferred to a 
250- nil, casserole. Rinse the crucible with a little water, transfer the solution 
to the casserole, cover, and carefully add 60 ml. of sulfuric acid (1^4) after 
which the cover gla.ss is rin.sed and removed. 

Evaporate the solution obtained by either of the above procedures until 
fumes of sulfuric acid are given off. If chromium sulfate solutions are fumed 
at too high temperatures or for any great length of time or with too little free 
acid present, considerable difficulty will occur in dissolving the salts. The 
fuming should, therefore, be made at a temperature not much higher than that 
required for evolving the acid. Allow the casserole and contents to partly 
cool (if permitted to become entirely cold, difficulty may be experienced in 
getting chromium salts to dissolve), add 100 ml. of warm water while stirring 

See p. 1426. 
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to prevent the residue from caking on the bottom and boil the solution gently 
for several minutes to dissolve all salts. Filter, washing the paper several 
times with cold dilute hydrochloric acid (2%), and then with warm water. 
Transfer the filter and contents to a platinum crucible, char the paper, carefully 
ignite to remove carbon, and then heat the covered crucible over a blast lamp 
or in a muffle furnace at 1050° to 1100° C. for at least 15 minutes. Cool in a 
desiccator and weigh. Add sufficient dilute sulfuric acid (1 : 1) to moisten the 
silica and then a small amount of hydrofluoric acid. Evaporate to dryness, 
ignite and w'eigh. The difference in weights represents silica which contains 
46.72% of silicon. 

Note. — Crucibles made from pure ingot iron contain only traces of silicon and the 
amount of silica present in the sodium peroxide used is usually negligible, but “blanks" 
should be run on new lots of crucibles and of jx* r oxide. All nickel crucibles, even the 
German “Rein” nickel, contains appreciable amounts of silicon. 


FERROVAXADIUM 

Determix.^tion of V.wadium by thf. Ammo.vil'm Persulfate Method 

Solutions Required: Ammonium Persulfate (15 %). — Make up as needed by 
dissolving 15 g. of the salt in 100 ml. of distilled water. This salt should be 
95% pure and its purity tested by adding 30 ml, r)f a standard ferrous sulfate 
solution to 0.3 g. of the persulfate, then 200 ml. of hot water and titrating tlie 
excess ferrous salt w'ith potassium jxrmanganatc. One milliliter of 0.1 N 
ferrous solution equals 0.01141 g. of (XHdsS^Os. 

Potassium Ferricyanide indicator . — Dissolve 0.1 g. of the salt in 100 ml. of 
w'ater. This solution should be made up fresh daily. 

Standard Ferrous Ammonium Sulfate (Approximately 0.1 N ). — Bee the 
Determination of Chromium in Ferrochrotniuin.** 

Potassium Permanganate (0.1 N ), — vSee the Determination of Chromium in 
Ferrochromium.^^ One milliliter of 0.1 X KMn 04 Is equivalent to 0.005090 g. 
of vanadium in the following method. 

Method. — Treat 0..5000 g. of the alloy, dried at 10.5° to 110° C., in a 2.50-inl. 
covered beaker with a mixture of 60 ml. of sulfuric acid (1 : 3) and 25 ml. of 
nitric acid (1:1). If the alloy fails to decompr)se readily because the silicon 
content Is high, it may be necessary to add a small amount of hydrofluoric acid. 
In this event, a 200-rnl. platinum dish should be sul>stituted ft)r the l>eaker. 
When the reaction has abated, rinse the cover glass and evaporate the solution 
until copious fumes of sulfuric acid are evolved. Cool, add 100 ml. of w'atcr 
and heat until the salts are dissolved. Transfer the solution to an 800-ml 
beaker, dilute to 400 ml. and to the cooled solution add an approximately 0.1 X 
solution of pcjtass.ium jxrmaiiganate until a strong pink color has dcveloixd 
w’hich remains permanent for thirty .seconds. Xext reduce the vanadium by 
the u.se of an approximately 0.1 X solution of ferrous ammonium sulfate added 
until a drop of the solution withdrawn from the Ixaker and placed on a drop 
of potassium ferricyanide indicator shows ferrous iron present — about 35 ml. 
of 0.1 X ferrous solution. Add .5 ml. of the fcrron.s ammonium sulfate in 
excess, stir the solution at least one minute, oxidize the excess of ferrous sulfate 
« See p. 1490, 
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with 8 ml of 15% ammonium persulfate and stir the solution vigorously for 
one minute. Titrate the solution with 0.1 N potassium permanganate solution, 
added with constant stirring until a faint pink color appears which remains 
permanent for 30 seconds. Determine the “ blank by dissolving 0.4 g. of 
“ ingot iron in 60 ml. of H2SO4 (1:3) and 5 ml. of nitric acid (sp.gr. 1.42), and 
putting the solution through all of the operations of the analysis. If the alloy 
contains an appreciable amount of chromium, a weight of pure K2Cr207 
equivalent to the amount of chromium in the sample is dissolved in the acids 
with the ingot iron. 

Determination op Carbon 

See the Determination of Carbon in Ferrochromium by the Direct-Combus- 
tion iMethod.'® A furnace temperature of 1050° to 1100° C. will suffice for 
ferro vanadium and complete combustion except in very high-silicon material 
can be secured without the addition of ingot iron and copper oxide. 

Determination of Phosphorus by the Modified Molybdate-Magnesia 

Method 

Solutions Required ; Ammonium Molybdate . — 

Solution No. /.—Place in a beaker 100 g. of 85% molybdic acid, mix thor- 
oughly with 240 ml. of distilled w^ater, add 140 ml. of NH4OH (sp.gr. 0.90), 
Alter, and add 00 ml of HXO3 (sp.gr, 1.42). 

Solution No. 2. —Mix 400 ml of HNO3 (sp.gr. 1.42) and 960 ml of distilled 
water. 

When the solutions arc cold, add Solution No. 1 to Solution No. 2, stirring 
consantly, then add 0.1 g. of ammonium phosphate dissolved in 10 ml of 
distilled water, and let stand at least 24 hours before using. 

Magnesia Afix/u re.— Dissolve 50 g. of MgCL-OHaO and 200 g. of NH4CI in 
1000 ml of distilled w'ater containing a few^ milliliters of hydrochloric acid. 

Method.— Transfer 4 g. of the sample to a platinum dish of 150 to 200-ml. 
capacity, add 70 ml of dilute HNO3 (5 : 6) and heat the covered dish until 
vigorous action ceases. Add 1 or 2 ml of hydrofluoric acid, stir the solution, 
evaporate to dryncs.s, moisten W’ith 10 ml of nitric acid (sp.gr. 1.42) and again 
evaporate to dryness. Aloisten the cooled residue wuth 10 ml of HNO3 (sp.gr. 
1.42), add 50 ml of winter and w'ash the contents of the dish into a 400-ml 
beaker, rubbing the di.«^h well wuth a policeman. Remove the last traces of 
adhering salts with 5 ml of HCl (sp.gr. 1.19) and hot \vater. Add 10 ml of 
HNOa (sp.gr. 1.42) and evaporate to a syrupy consistency. Cool, add 25 ml 
of HXO3 (sp.gr. 1.42) 00 ml of water, 1 g. of boric acid (to take care of any 
residual fluoride) and heat gently until solution occurs. Filter through a rapid 
paper into a 300-ml, Erlcnineyer flask and i,vash with hot water. Heat the 
solution to boiling, add about 12 ml of potassium permanganate solution 
(1.5%) and continue the boiling until manganese dioxide precipitates. Dissolve 
the precipitate by the addition of sufficient sulfurous acid added dropwise. 
About 1 ml. usually suffices. Boil for a few minutes to completely expel 
oxides of nitrogen. Add to the cold solution 15 ml. of ammonium hydroxide 
(sp.gr, 0.90) and cool the solution to 15® C. 

See p. 1493. 
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Next reduce the vanadium in the cold (15° C.) solution by ferrous sulfate 
added in approximately 1.5 g. excess. The use of a 50% solution of the salt 
furnishes a convenient way of adding the necessary amount. One gram of 
quinquevalent vanadium requires 5.5 g. of FeSOi-THaO for reduction to the 
quadrivalent state. A 4-g, sample of 30% vanadium alloy, including an excess 
of 1.5 g., would require 8.1 g. of ferrous sulfate. Too large an excess of ferrous 
sulfate should be avoided. The addition of ferrous sulfate will change the 
color of the solution to a deep blue. Add 2 drops of a saturated solution of 
sulfurous acid, 100 ml. of molybdate reagent, shake for 10 minutes and allow 
to stand at 15° G. for 4 to 6 hours, or preferably overnight. It is well to let 
the solution stand in a refrigerator. Filter on a paper of close texture, keeping 
as much of the precipitate in the flask as possible, and wash the flask and the 
precipitate with not more than 50 ml. of cold, dilute nitric acid (1 ; 99). Set 
the filtrate and washings aside after thorough mixing and see whether further 
separation of phospho molybdate occurs. Dissolve the precipitate on the filter 
in 20 ml. of dilute ammonium hydroxide (1 : 1) to which have been added 2 g. 
of citric acid, catch the solution in the original flask containing the bulk of the 
yellow precipitate and finally wash the filter several times with dilute hydro- 
chloric acid (5 : 95). If the ammoniacal solution of the phosphomolybdate is 
not clear at this point, heat it to boiling, filter through the same paper, and 
wash the paper with hot water. In this ca.se, and whenever appreciable amounts 
as such elements a.s titanium or zirconium are known to be present in the 
original material, pre.serve the paper and ignite it in a small platinum crucible 
with the paper reserved below. 

Render the ammoniacal solution acid with hydrochloric acid, add 20 ml. 
of magnesia mixture and then ammonium hydroxide (sp.gr; 0.90) slowly until 
a crj’stalline precipitate appears, and then finally an excess of 3 to 5% by 
volume. The volume of the solution at thi.s point should nob exceed 100 ml. 
Allow the solution to stand in a cool place for 4 to 6 hours, or preferably 
overnight. 

Filter, keeping as much of the precipitate as possible in the flask, and wash 
the flask and the precipitate moderately v*ith dilute ammonium hydroxide 
(1 ; 20). Set the filtrate and washings a.side after thorough mixing and see 
whether further precipitation occurs. Dksolve the precipitate on the filter 
in 25 ml. of dilute hydrochloric acid (1 ; 1), catching the solution in the original 
fia.sk containing the bulk of the precipitate. \Va.sh the filter thoroughly with 
dilute hydrochloric acid (5 : 95). In case the original material contains a[>- 
preciable amounts of the elements mentioned above (titanium or zirconium), 
add the paper to the one reserv'ed above, ignite, fuse any residue with as little 
carbonate as p^jssible (not over 0.5 g.), extract the cooled melt with hot water, 
filter, and add the water solution to the hydrochloric acid solution. Transfer 
the solution to a 200-mi. beaker. In case the amount of arsenic is known to l)c 
very small, add 0.5 to 1 g. of ammonium bromide and boll the hydrochloric 
acid sojution to a volume of 5 to 10 ml. Where large amounts of arsenic were 
originally present, treat with hydrogen sulfide, digest, filter, and wash with 
acidulated hydrogen .sulfide water. Boil to expel hydrogen sulfide and to 
reduce the volume to 50 to 75 ml. Add 0.1 to 0.2 g. of citric acid, 2 to 3 ml. of 
magnesia mixture, make ammoniacal as above, and allow to stand in a cool 
place for 4 to 24 hours. 
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Filter, wash with dilute ammonium hydroxide (1 : 20), and ignite the 
precipitate carefully and at as low a temperature as possible until the carbon 
has been destroyed and the residue is white. Finally, ignite at approximately 
1000° C. to constant weight. Dissolve the ignited residue in 5 ml. of dilute 
nitric acid (1:1) and 20 ml. of water. Filter, wash the residue with hot water, 
ignite and weigh. Treat with a few drops of hydrofluoric acid, evaporate to 
dryness, ignite and re-weigh. Subtract any loss of weight from the original 
weight of the pyrophosphate, and calculate on the basis of this purified mag- 
nesium pyrophosphate. 


Determination of Sulfur by the Oxidation Method 


Transfer 4.57 g. of the sample to a 600-ml. beaker and dissolve it in 75 ml. 
of HNOs (sp.gr. 1.42). The reaction is apt to be very rapid and the acid should 
be added in small portions to the covered beaker which i.s preferably kept 
cooled by immersion in ice water. Effect complete solution by gently warming 
if necessary. 

Add 30 ml, of HCl (sp.gr. 1.19) and evaporate to dryness on the steam-bath. 
Add 30 ml. more of HCl (sp.gr. 1.19), again evaporate to dryness, and bake for 
30 minutes at 105° C. Moisten the residue with 30 ml. of HCl (sp.gr. 1.19) 
and evaporate on the steam-bath to a volume of 5 ml. Add 5 ml. of HCl 
(sp.gr. 1.19), dilute to 150 ml. and filter. Wash with warm water. 

Adjust the volume of the solution to 250 ml.. which should now contain 
about 3 to 4% by volume of HCl. Warm to 75° C., add 30 ml. of BaCL 
(10%), and allow to stand for 24 to 40 hours. 

Filter, with as little transfer of the precipitate as possible, through a paper 
of close texture. Wash the paper two or three times with cold 1% HCl and 
seven times with warm water. Ignite the paper and contents in a platinum 
crucible. Treat the ignited residue with 5 ml. of HCl (sp.gr. 1.19) and transfer 
tile resulting solution to the original beaker containing most of the precipitate 
of BaS04, Digest the combined portions of BaS04 so as to dissolve any barium 
vanadate. Adjust to 150-mI. volume and 2% acidity, add 8 ml. of 10% BaCL 
.solution and allow to stand for 24 hours. Filter on a paper of close texture, 
wash three times with cold 1% HCl and 10 times with warm water. Ignite 
the paper in platinum, cool in a desiccator and weigh. A blank should be 
carried through all steps of the determination. The corrected weight of the 
ignited barium sulfate multiplied by three is equal to the percentage of sulfur. 


Notes,— I f de.sired, the wa.shings can be kept separate and examined for BaS04 as 
follows: Evaporate the wasliings to drviiess. Dissolve the slight residue in 50 ml. of hot 
diluteHCl(2 : 98), odd 2 ml. ot BaClj solution (10%), digest at 70 to 80 C.fortwoho^, 
avoiding any undue evaporation. Filter on a small paper of close texture and wash m 
above. The recovery of BaSO*, which is ordinarily obtained, represents approximately 

O.OOl to 0.002% of sulfur. .. .. ^ ^ 

In high-ailicon alloys the residue from the initial acid digestion should be evaporated 
with hydrofluoric and nitric acids, fused with sodium carbonate and the water extract 
of the melt added to the main solution. 


Determination of Silicon by the Nitbo-Sulfubic Method 

Solutions Required: Nitro-Sulfuric Acid— Pout 160 ml. of sulfuric acid, 
(sp.gr. 1.84) slowly and with stirring into 660 ml. of water, and add 180 ml. of 
nitric acid (sp.gr. 1.42). 
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Method. — Dissolve 0.9344 g. of the sample passing a No. 100 sieve of low 
or medium-silicon ferrovanadiiim in 40 ml. of the nitrosulfuric acid in a 250-mI. 
porcelain or platinum dish and evaporate the solution until “ copious ” fumes 
of sulfuric acid are evolved. 

Ferrovanadium containing 4% or more of silicon is not completely soluble 
in nitric acid and sulfuric acid. In this case, fuse 0.9344 g. of the alloy, thor- 
oughU" mixed with 8 g. of sodium peroxide, in a 30-ml. crucible of pure iron. 
Five minutes heating at a dull red heat after the contents of the crucible have 
melted will insure complete decomposition of the samjile. Allow the fusion to 
solidify, but before it has entirely cooled tap the covered crucible on an iron 
plate which will loosen the contents in a solid cake. Transfer the melt to a 
250-mI. porcelain cas.serole, rinse the crucible with warm water and cautiously 
add the solution to the covered casserole. Next add 150 ml. of sulfuric acid 
(20% by volume) and evaporate to copious fumes of sulfuric acid. Cool the 
sulfuric acid solution obtained in either procedure, add 125 ml. of water and 
heat for a few minutes with frequent stirring until all salts are dissolved. Im- 
mediately filter on a 9-cm. paper. Wash the precipitate with cold dilute IICI 
(5 : 95) and cold water alternately to complete the removal of iron salts, and 
finally with hot water until free from aeid. Transfer the filter to a platinum 
crucible, char the paper without inflaming and finally ignite the covered crucible 
in a muffle furnace at 1100° C. for 15-20 minute.s. Cool in a desiccator and 
weigh. Add sufficient dilute (1 : 1) to moisten the .silica and then a 

small amount of hydrofluoric acid. Evaporate to dryness, ignite and weigh. 
The difference in weights di\ided by 2 and multiplied by 100 represents the 
percentage of silicon in the alloy. 

Determin'atio.v of Aluminum by the Etheu-Hydkochlohic Auin Method 

Di.<i.solve 2 g. of the sample in 25 to 30 ml. of dilute nitric acid (.‘jp.gr. 1.135) 
(Note 1). WTien action ceases, add 5 ml. of hydrochloric aeid and evaporate 
to drjmess. Add 10 ml. of hydrochloric acid, evapt)ratc to dryness and bake 
the residue at a moderate temjxirature. Dissolve the resiilue in 10 ml. of 
hydrochloric acid, add 30 ml. of water, boil and filter. Wasli the residue with 
hot dilute hydrochloric acid (1:9) followed by water (Note 2). 

Evaporate the solution to dryness on a steam-bath, add 20 ml. of hydro- 
chloric acid and warm gently until complete solution is obtained. Cool the 
solution in ice water and pa.s.s hydrochloric acid ga.s into it to saturation. Add 
20 ml. of ether and continue pas.sing the gas into the cold solution until it is 
again saturated. Allow the mixture to stand for several hours, keeping it cold 
by immersing the container in ice water. If the solution becomes warm or if 
it is not allowed to stand, the separation of hydrated aluminum chloride is not 
quite complete. 

Filter through asbestos (small Buchner-asbestos pad wa.shcd once with 
cold ether-hydrochloric acid mixture immediately before use), wash, by de- 
cantation, with a cold mixture of equal parts of strong hydrochloric acid ami 
ether which has been saturated with hydrochloric acid gas. The aluminum 
chloride retains a little vanadium. 

Dissolve the precipitated aluminum chloride in the least ix>s.sible amount 
of dilute hydrochloric acid (1:9) back into the original beaker, from which all 

^ Gooch-Havens, Am. Journal of Science, 4 , 11-416. 
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of the precipitate need not have been removed. Evaporate the solution to 
near dryness on a steam-bath, add 10 ml. of strong hydrochloric acid and pass 
hydrochloric acid gas into the solution to saturation, add 15 ml. of ether and 
continue passing hydrochloric acid gas to saturation, keeping the solution cold 
by means of ice water. I^t stand several hours, filter on asbestos and wash 
with the ether-hydrochloric acid mixture as before. 

Dissolve the aluminum chloride in dilute hydrochloric acid (1 : 9) into a 
250-ml. beaker, add a few grams of ammonium chloride, make faintly alkaline 
with ammonia, boil, filter (using paper pulp), wash with hot water, dry, ignite 
and weigh as AI2O3. 

According to published data, this method gives a complete separation of 
aluminum from iron, beryllum, zinc, copper, mercury and bismuth. A little 
vanadium is carried down in the first separation, but two chloride precipitations 
seem to give a practically complete separation. The proportion of vanadium 
retained in the final alumina is hardly appreciable ^vhen working on a 35% 
vanadium alloy. 

The effect of chromium is not known; presumably some of it would be 
included in the AI^Os. Tliis could be corrected for by fusing the AI2O3 with 
sodium peroxide and estimating the Cr203 by color. 

Xm'Es, — 1, Dilute nitric acid (sp.gr. 1.135) is recommended for solution. While this 
require.s rather long dige.stion at , steam-bath temperature, solution seems to be quite 
complete even when the alloy is high in silicon. In some cases where silicon is very 
high it i.s neccssiiry to use a little hydrofluoric acid with the nitric acid. In tliis case 
solution should be effected in a platinum dish, the solution evaporated to dryness and 
the dry residue transferred to a beaker before treatment with hydrochloric acid. A little 
dilute hydrochloric acid may be used to loosen any oxides that adliere to the dish. 

2. The siliceous residue may retain alumina; it should be ignited in platinum. Silica 
should be exi)eilod by HF+HoSO^ and the residue fused with KHSO^. After dis.soLving 
the fusion in water plus a little HCi, the liquid is made faintly alkaline with ammonia 
and boiled. Any iron and alumina precipitate is removed by filtration, w^ashed with 
water, dissolved in a little hot dilute HCI and added to the solution of the alumina ob- 
tained after the first ethcr-hydrochloric acid separation. 


FERHOTUXGSTEN AND TUNGSTEN METAL 

DETERMIN.tTIOX OF TUXGSEN 

Solutions Required: Cinchonine Solution , — Dissolve 125 g. of cinchonine 
in a mixture of 500 ml, of IICl (sp.gr. 1.19) and 500 ml. of distilled water. 

Cmchonme Wash Solufion.—Dilute 30 ml. of the above solution to one liter. 

Method. — Treat 1 g. of the material passing a No, 100 sieve in a large (60-mL) 
platinum crucible witli 5 ml. of IIF; add HNO3 drop by drop until the metal dis- 
solves. Add 3 to d ml. of 11:804 and evaporate on a steam-bath until HNO3+HF 
is expelled. Shako gently over a small I? unsen flame, or heat slowly in a sheet 
iron “ radiator ” (described by Hilleiirand) until H2SO4 fumes strongly. 
Cool, tran.sfer to a 250-mI. beaker with water, finally wiping the crucible with a 
little filter paper. A little WO3 sticks to the crucible; it can not be removed 
by wiping. Reserve the crucible. Dilute the contents of the beaker to about 
150 ml. with water, add 10 ml. of hydrochloric acid (sp.gr. 1.19) and boil for a 
few minutes. Remove from the source of heat, add 10 ml. of cinchonine solution 

U. S. Geological Survey Bulletin No. 700, p. 33, 
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and digest the solution at 80*^ to 90° C. with occasional stirring, for 30 to 45 
minutes. 

Add some paper pulp to the solution, stir the solution and when the tungsten 
precipitate has settled, filter on a 9-cm. paper containing a little “ ashless ” 
filter pulp. Wash thoroughly with hot cinchonine solution and finally several 
times with warm 1% hydrochloric acid. Gently ignite the filter and residue of 
crude WO3 in the crucible in which it was originally treated until the carbon is 
consumed. Add a few drops of nitric acid and dry in the radiator. Ignite the 
covered crucible for 5 minutes in the full heat of a Bunsen burner, cool, and 
weigh. Ignitions may be made at about 750° C. in an electric muffle. As 
WO3 is slowly but steadily volatilized at temperatures above 750° C., serious 
error may result from continued ignition of the tungsten trioxide at the tem- 
perature that is specified. Add about 5 g. of Xa^COs and fuse, running the 
fusion around the side of the crucible to remove all WO3. Dissolve the fusion 
in hot water, add alcohol, heat, filter and wash with hot water. Place the filter 
in the crucible and ignite; add a little XaoCOs and fuse again. Dissolve the 
fusion in water, filter and wash rcry thoroughly with hot water to remove the 
last traces of Xa^CO^; ignite in the same crucible as at first, ct)ol, and weigh. 
The difference between the weight of crucible plus residue and the weight of 
crucible plus impure tungstic oxide is WO3XO.793I = W. 

Notes, — At the best, direct determination of tungsten in high-grade metal i» subject 
to inherent errors. Accuracy within 0.2 Jdl tluit can be expected by any methcxl. 

Determivation of Carbon* 

See the Determination of Carbon in F'errochromium by the^ Direct-Com- 
bustion Method.^^ The alloy ground to pass a No. 100 sieve and mixed with 
2 g. of pure iron Is burned in an electric furnace licated at 1050° to 1100° C. 
A “ blank ” on the ingot iron must be determined and deducted. 

DETERMIN'ATrOV OF PhO.SPHOUVH 

Treat 1 g. of the finely powdered sample in a p)latinum dish, fitted with a 
gold cover, with 15 ml. of HXO3 (sp.gr. 1.42), add 3 ml. of HF and warm gently. 
When action subsides add 3 ml, more of HF. After actir)n subsicies, boil, 
remove cover and if decomposition i.s not complete add more HF and boil again. 
WT.en solutirm is complete, wash off the cover and eva[><)rate at a low heat to 
a volume of about 10 ml,, then add 3 or 4 drf)ps of concentrated f>ernianganntc 
solution and continue eva|x>ration until crusts of WO, begin to form at the 
edges, that Ls to a volume of alxjut 6 ml. Add 5 ml. of HstSO^ and evapf)rBte 
on the .stove at a low heat until HF and HNO3 are ex^xdlcd and H^SOi fumc.s 
are given off. (Strong heat causes spattering and also causes hard over-baked 
crusts to form on the bottom of the dish which resist subsequent treatment.) 
Cool, add 2.5 ml, of water and boil (by agitating over a Bunsen flame) until all 
soluble salts are dissolved. Discharge pink color, due to excess permanganate, 
by adding .sul/uroua acid drop by drop. The pink color may not l)e very evident 
but the SOj Is added even so to reduce higher oxides of manganese, Boil fi>r 
a minute or two after adding the SOj. Add 1.20 g. of pure tartaric acid and, 

“ See p. 1493. 
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when this is dissolved and the solution is cooled to a temperature of about 
50® C., add 20 ml. of NH4OH (sp.gr. 0.90) diluted with an equal volume of 
water. The precipitated tungstic acid should dissolve completely, giving a 
clear solution. The solution becomes hot from the reaction between H 2 SO 4 
and NH4OH. While it is still hot, add 10 ml. of magnesia mixture and transfer 
it from the platinum dish to a 6 -oz. glass-stoppered bottle. Set the bottle in 
ice water and when it is thoroughly cooled add four or five glass beads about 
6 mm. in diameter. Stopper it tightly and shake in an efficient shaking 
machine for at least ten minutes. The agitation should be violent. The 
beads aid in starting the formation of the magnesium precipitate ; after agitation 
add 15 ml. of strong NILOII and return the bottle to the ice-water tank and 
put into a refrigerator to stand overnight. Phosphorus separates as magnesium 
ammonium phosphate free from tungsten but containing possibly basic mag- 
nesium compounds. After standing overnight filter the solution through a 
9 -cm. paper containing a little paper pulp and wash the bottle and paper 
thoroughly by small additions of ammonia wash water (1 part NH4OH to 
3 parts HiO). Do not attempt to remove all the precipitate from the bottle 
but remove the beads to the filter. The precipitate consists of magnesium 
ammonium phosphate and arsenate together with silica and other impuri- 
ties. Tin, tungsten, molybdenum, vanadium and titanium are eliminated 
by precipitation with magnesia mixture in the presence of tartaric acid. 
Dissolve the magnesia precipitate in hot dilute HCl and evaporate to a small 
volume, say 7 or 8 ml. Add 10 ml. of strong HCl and 0.5 g. of KBr and evapo- 
rate to dryness. Take up with 5 ml. of HNO3 and evaporate to dr 3 Tiess again. 
The KBr serves to reduce As'" to As''^ The addition of strong HCl and boiling 
followed by evaporation to dryness eliminates As. Dissolve residue in 60 ml. 
of HNO3 (.sp‘.gr. 1.135), filter into a 250-ml. shaking bottle; add 40 ml. of 
NH4OH (sp.gr. 0.96), cool to 33° G., add 30 ml. of molybdate solution (Blair) 
and finish the determination by the alkalimetric method (Handy) described in 
Blair’s Chemical Analysis of Iron. 

Notes.— The usual proportions of HNO3 and HF are reversed in order to provide a 
constant exceas of HNOj to oxidize P. The procedine given takes a little longer than 
W’hen the sample is treated with HF first and HNOs is added a little at a time, but the 
solution is finally complete. It is necessary to keep the platinum dish covered after 
action begins, as the reaction is somewhat violent. 

The platinum dishes recommended are: 

8 cm. in diameter at top; 

7.8 cm. in diameter at bottom; 

4 cm. high. 

They have flat bottoms and are wire-rimmed at the top to give additional stiffne^ 
They weigh 58 to 60 g, each and hold about 175 ml. The covers are made of pure ^Id 
(for economy), “dished” like a crucible cover to fit the top of the dishes closely. Ihe 
dishes have small lips to aid pouring. The “tongue” of the cover overlaps the lip. 
Ordinary round-lwttomed dislies may be used, but the manipulation is much more 
difficult; there is a greater tendency to spattering and dan^r ^ local baking or over- 
heating in evaporating to fumes of H2SO4. If the separated WOj is overheated locally 
it does not dissolve readily in NH4OH. In flat-bottomed dishes, the WO, is spread m a 
thin layer and heat is applied evenly all over t^ bottom. , . . j 

A good shaking machine should be used. Tlie magn^a precipitate may be s^ted 
bv shaking the bottles by hand, but it is a tiresome job. The solution must be cold, say 
8 ^ or 10® C., when shaking begins. 
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Permanganate solution is added to insure complete oxidation of phosphorus, as in 
steel analysis. The color of the permanganate gradually fades in the hydrofluoric nitric 
solution, but after evaporating to fumes and adding water the solution is usually slightly 
pink. 

The amount of tartaric acid is limited to 1.20 g', since ammonium tartrate retards 
the formation of the magnesia precipitate. Complete precipitation can only be ob- 
tained by brisk agitation and by keeping the solution very cold, followed by long standing 
in a cold place. By this method determinations started at 3 p.m. may be completed by 
noon the next day. 

Detehmination of Sulfur axd Silicon 

Solutions Required: Cinchonine Solution . — Thoroughly wash cinchonine 
reagent with hot water on a Btichner funnel, dry, and dissolve 125 g. of the 
washed cinchonine in a mixture of 500 ml. of HCl (sp.gr. 1.19) and 500 ml. of 
distilled water. 

Cinchonine Wash Solution . — Dilute 30 ml. of the above solution to one liter. 

Barium Chloride Solution . — One hundred grams of BaCL -21120 to 1000 ml. 

Sulfur 

Fuse 2 g. of the finely powdered metal, intimately mixed with 8 g. of dry 
Xa^COa and 2 g. of powdered KXOs, in a large platinum crucible (40 ml.). 
The fusion is best done over an alcohol bla.st flame or in an electric muffle to 
avoid contamination with sulfur contained in illuminating gas. Leach the 
fusion with 100 ml. of distilled water in a 250-ml. beaker. Filter into a 12-cm. 
porcelain casserole and wash the residue .several times with hot di.stilled water. 
The solution contains practically all of the sulfur and most of the tungsten 
and silica. The residue contains some of each, but not more than traces of 
sulfur. 

■ReTider the Wqxud ac\d with ^20 ird. of \1C\ and evaporate to dryness on a 
steam-bath, thus precipitating tungstic acid. After the residue is dry, heat 
it to 110° to 120° C. in an oven to dehydrate silica, take up with 5 mi. of HCl 
and -50 ml. of water, add 3 ml. of a .strong cinchonine .solution and boil, or heat 
just short of the boiling point, for 30 minutes. I^et the solution stand for at 
lea.st three hours and preferably overnight. By rnean.s of the cinchonine, all 
W ()3 i.s rendered insoluble. Filter through an 11-em. filter pajx'r (free frt)ni 
ash) which ha.s been liberally treated with an emulsion of filter paper pulp an<l 
wa.sh the residue with dilute cinchonine solution. Reserve the residue. The 
filtrate contains all the sulfur; heat it to boiling and add 10 ml. of barium chloride 
solution, boil for ten minutes, allow it to .stand overnight, filter on a 9-cm. filter 
paper (free from ash), wa.sh ref>eatcdly but not excessively with hot water, 
ignite in platinum and weigh as BaHO^. If the work is properly carried out 
every trace of WOj is removed from the solutions and there is no danger of 
including BaWO^ with the Ba.S 04 . If one susjMH;tK that the BaSIL is not quite 
pure, it .should be fused with a little XajCOa, leached with water and filtered; 
the filtrate .should l>e acidulated with HCl, a few drops of cinchonine solution 
added and the solution evaporated to dryness on a steam- bath. The dry 
residue should be di.ssolved in a little water, a few drops of HCl added, and 
any residue filtered off. In the clear filtrate BaSO^ should be again precipitated 
as before. The weight of HaSO^ XO.1374 =S. 

BIank.s ” on all reagents must I)e made parallel with the determination: 
this is important since all sodium carbonate obtainable contains sulfur and 
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there is sometimes more or less of it in cinchonine. All evaporations should 
be made over steam and the operations conducted in a place free from sulfur 
gases. 

Note, — Evolution of sulfur in a stream of hydrogen saturated with hydrochloric 
acid as in Johnson’s Method is optional. 

Silicon 

The residue of tungstic oxide from which the solution for the determination 
of sulfur was filtered contains most of the silica. The residue from leaching 
the original fusion contains the rest. 

Wash the residue from Na2C03 fusion from the filter paper with a fine jet 
of water into a small casserole, add an excess of HCl and evaporate to dryness 
on a steam-bath, heat the dry residue at 110'^ to 120® C. to dehydrate the silica, 
drench with hydrochloric acid, dilute to 100 ml. with hot water, heat until 
salts are in solution, and filter on a small filter paper (free from ash). Wash 
thoroughly with hot dilute HCl (1 : 100) and finally with hot water. Reserve 
the filter. 

Wash the residue of tungstic oxide, silica and filter paper pulp from the 
filter into a small casserole, add 5 ml. of HCl and heat for a fe\v minutes, then 
filter again through the same paper and wash it thoroughly with hot water. 
This second washing is necessary to remove sodium salts completely. (The 
original washing sufficed to remove all of the small amount of sulfur present.) 
Transfer the well-w^ashed filter and residue to a platinum crucible, add the 
small filter containing the little silica recovered from the Na2C03 fusion residue 
and ignite both to constant weight in a platinum crucible. On. account of 
the presence of filter paper pulp, the ignited residue is porous and friable; if 
paper pulp had not been used the WOa would be dense and not easily susceptible 
to the subsequent treatment. Cool the ignited residue of WO3 and SiOs and 
weigh it. Add 2 or 3 dro[)s of H2SO4 and 5 or 6 ml. of pure HF. Digest at a 
gentle heat for some time, and then slowly evaporate off the HF, When 
H2SO4 fumes are evolved, cool and again add Hh, digest as before, evaporate 
off the HF, ignite gently to expel ILSO^ and heat strongly for ten or fifteen 
minutes. Cool and weigh. The loss in weight after expulsion is Si02 which 
multiplied by 0.4672 equals silicon. 


FKKROTUNGSTEN 

Determination of Tungsten 

Proceed as in the Determination of Tungsten in the analysis of Ferrotungs- 
ten and Tungsten Metal. 

Notes —1 Fuming with perchloric acid can be substituted for fuming with sulfuric 
acid if desired. In this ca.se, add 10 ml. of perchloric acid (60%) after the treatment 
with HF and HNO, and evaporate to strong fumes of perchloric acid. Cool, add oO ml. 
of water, transfer the solution to a 400-ml. beaker and proceed as in the case of sulfuric 

2. If the alloy contains molybdenum, the weighed tungsten oxide may contain a 
few hundredths of a per cent of molybdenum as MoO®. If extreme accuracy is desired, 
the oxide should be tested colorimetrically. If the molybdenum content of the aJloy 

See p. 1499. 
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is unknown, one of the sodium carbonate extracts of the fused impure WOj can be treated 
with tartaric acid, mineral acid and hydrogen sulfide and then, if appreciable molyb- 
denum is indicated, tlie amount should be determined in the sodium carbonate extract 
obtained in the duplicate run. 

3. At the best, direct determinations of tungsten in high-grade metal is subject to 
inherent errors. Accuracy within 0.2% is all that can be expected by any method. 

Determination of Silicon 

Fuse 0.9344 to 1.0416 g. of the sample as described under Determination 
of Sulfur and Silicon in the Analysis of Ferrotungsten and Tungsten Metal.*® 
Leach the fusion with w'ater, acidify with HCl and evaporate to dryness and 
bake at 110° C. Add 20 ml. HCl (sp.gr. 1.19) and warm until all iron salts 
appear to have dissolved. Add 200 ml. of boiling water and a little paper pulp. 
Stir well and filter. Wash the tungstic acid thoroughly with hot dilute HCl 
(1%). Ignite until carbon is gone, add a drop or t\vo of HjSOj, evaporate, 
and then ignite first at a low temperature and finally at 1000“ to 1100“ C. for 
15 to 30 minutes. Cool the ignited WO3 and SiOs and weigh it. Add 5 or 6 
ml of pure HF and a drop or two of dilute H2SO4 (1 : 1), evaporate, and again 
ignite at 750“ C. until constant weight is obtained. The loss in weight, cor- 
rected for any SiOj in the reagents, multiplied by 100 and divided by the weight 
of sample taken gives the percentage of silicon. 

Determination of Sulfur 

Transfer 5 g. of the sample to a 300-ml. platinum dish provided with a 
platinum cover. Add 100 ml. of HXO3 (sp.gr. 1.42) and add IIF a few drops 
at a time, while heating, until the alloy has dissolved completely. Rinse and 
remove the cover. Add 1 g. of XaXOs and 30 ml. of HC104 (60%) and eva- 
porate to strong fumes of HC104. Cool, rinse down with water, and again 
evaporate to fumes. 

Add 100 ml of water, 10 ml. of cinchonine solution (125 g. of cinchonine, 
sulfur-free, dissolved in 1 liter of 1 : 1 HCl) and some a.sh]ess paper pulp. 
Stir well, digest for 15 minutCvS at 60“ to 70“ C. and filter. Wash the tungstic 
acid wdth hot HC! (2%) containing 10 ml of cinchonine solution to 1 liter. 
Precipitate the sulfur as described under Determination of Sulfur in Ferro- 
molybdenum.*® 


Determination of Coppf.r, Antimony ani> Tin 

Mix 5 g. of the finely powdered metal with 25 g. of XajOj in a 50-ml iron 
crucible. Fuse carefully over a free flame by holding the crucible with a pair 
of tongs and slowdy rev^olving it around the outer edge of the flame until the 
contents have melted down quietly. Do not raise the temperature rapidly 
enough to cause spattering. When the charge Is molten, keep the crucible 
at a low' red heat and impart a slight rotary motion to stir up any unattacked 
particles. At the end of 4 to 6 minutes increase the temperature to bright 
redness for a minute. Cool the crucible with the cover tightly on and as soon 
as the melt has solidified, tap the still slightly warm crucible several times on an 

“ See p. 1.502. 

»» See p. 1508. 
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iron plate in order to loosen the melt in a solid cake. Transfer the melt to a 
600-ml. beaker, cover, treat with 300 ml. of warm water, rinse the crucible 
and add the rinsings to the beaker. Heat to boiling, cool somewhat, add 20 g. 
of tartaric acid and then 50 ml. of dilute H2S04 (1 : 1). Heat until a clear 
solution is obtained. If iron scale remains insoluble, decant the liquid, dis- 
solve the scale in strong acid, using a drop of HNOa if necessary, and add the 
solution to the main solution. If unattached tungsten metal remains, filter, 
and make a second fusion on the small residue. 

(a) Saparation of Copper from Antimony and Tin. — Adjust the volume of 
the solution to a volume of 400 ml., heat to from 65 to 70° C. and pass a rapid 
stream of H2S through the solution for 30 minutes. Filter, and wash the 
precipitated sulfides with dilute H2SO4 (5 : 95) containing about 1 g. of tartaric 
acid per 100 ml. and saturated with H2S. Return the paper and sulfides to 
the beaker in which the precipitation was made and treat with 50 ml, of KOH- 
K2S solution (prepared by saturating 1 volume of a 10% solution of KOH 
with H2S and then adding 3 volumes of the solution). Add 1 g. of Na202 and 
heat to boiling in the course of 5 minutes and as the solution is occasionally 
stirred. Dilute with an equal volume of water, filter into a 400-mI. beaker, 
and wash with a diluted K2S solution (1 : 10) ; reserve the filtrate (A). 

(b) Copper. — Dissolve the residue and determine copper colorimetrically 
or electrolytically as described under Determination of Copper in Ferro- 
molybdcnum.^'^ 

(c) Separation of Tin and Antimony. — Treat the reserved filtrate (A) with 
HCl until the solution is acid and then add 1 ml. per 100 ml. in excess. Filter, 
and wash with acidulated hydrogen sulfide water. Transfer the paper and 
sulfides to a 400-ml. beaker, treat with 10 ml. of HCl and add KCIOs, a few 
crystals at a time, as the solution is warmed to from 35° to 40° C. Dilute to 
200 ml, and boil gently to expel chlorine. Add 5 g. of oxalic acid, heat to 
from 60° to 70° C. and pass in a rapid stream of H2S for 20 to 30 minutes. 
Filter, and wash timroughly with hydrogen sulfide water containing 0.5 ml. 
of sulfuric acid and a few crystals of oxalic acid per 100 mi. Reserve the 
filter paper and precipitate (B) for the determination of antimony. 

(d) betennination of Tin: Standard Solution of Iodine . — Dissolve 3.97 g. 
of iodine in a solution of 7 g. of KI in a little water. When solution is complete, 
dilute to 1 liter and mix thoroughly. One ml. of the solution should represent 
approximately 0.00185 g. of tin and the e.xact titer is found by dissolving 0.02 g. 
of pure tin in HCl, treating with lead as in the method, and titrating. For 
the small amounts of tin involved, the theoretical titer as based on standardiza- 
tion against pure arsenious oxide can be used. 

Apparatus for Reduction of Tm.—The apparatus for reduction is shown in 
Fig. 186. At the point A a small hole about 1 mm. in diameter shall be blowm 
in the glass. The glass rod B sliall be drawn out at the end and covered with 
rubber tubing so as to form a light fitting stopper for the end of the tube C. 

Treat the filtrate witli 5 ml. of HjSOj and evaporate to heavy fumes of the 
acid. Cool somewhat, and dilute with 100 ml. of water. Add 50 ml. of a 
solution of ferric sulfate (1%) and heat to boiling. Stir vigorously and add 
dilute NH4OH (1:1) until the solution is alkaline and then add 3 to 5 ml. in 
excess. Let settle, filter, and wash with hot water. Dissolve the precipitate 

*®Seep. 1509. 
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in 80 ml. of hot dilute HCl (1:1) and wash the filter with hot water, collecting 
the solution (not over 150 ml. in volume) in a 300-ml. Erleniheyer flask. Add 1 

to 2 g. of test lead and close the flask 
with a one-hole rubber stopper carrying 
a bent delivery tube, as shown in 
Fig. 186. 

Boil gently for 20 minutes. At the 
end of this period immerse the end of 
the delivery tube in a small beaker con- 
taining about 50 ml. of a strong solution 
of NaHCOs and insert the rubber-tipped 
tube at C, Fig. 186. Remove the flask 
and beaker from the hot plate and cool 
in a stream of cold water. When cool, 
remove the stopper, add 5 ml. of freshly 
prepared starch solution and titrate 
r iG. 1S6. Apparatus for Reduction standard solution of iodine to 

” a permanent blue tint. Subtract the 

volume required in a blank run and multiply by the tin titer of the .solution. 

(e) Determination of Antimony. — Spread the reserved filter paper and pre- 
cipitate (B) side down, on a small watch glass and place this over a beaker 
containing a few centimeters of HCl and a drop or two of bromine, ^\a^m the 
beaker until decomposition of the sulfide is complete. Rinse cover and paper 
with warm dilute IICl (1 : 9), keeping the volume down to 25 ml. Evaporate 
the solution to about 5 ml. on the steam bath and then add 1 g. of pure ferrous 
sulfate, 0.5 g. of potassium chloride, and 40 ml. of HCl. Evaporate the solution 
on the steam balh to a volume of about 5 ml. Dilute with 10 ml. of water, 
add 1 ml. of HXO3 and heat until the iron is oxidized. Dilute to 100 ml. heat 
to boiling, and add dilute XILOH until in definite exces.s. Let settle, filter, 
and wash with warm water. Dis.solve the precipitate in 10 to 15 ml. of hot 
dilute HCl (I ; 3) containing O.l g. of tartaric acid. Dilute to 100 ml., heat 
and add ammonium bisulfite drop-by-drop to reduce the iron. Boil to expel 
the exce.ss of SO2, cool and pass in a rapid stream of ILS for 15 to 30 minutes. 
Filter through a weighed Gooch crucible and wa.sh succes.sivcly with acidulated 
hydrogen .sulfide water, alcohol, ether and carbon disulfide. Heat- ui a radiator 
and add a drop of HXOj, from time to time to oxidize the sulfide. Finally 
heat at about 600® C. and weigh as Sb204. 

FERROMOLYBDEXUM 

Determin.^ttox of C.^rbox by the DiuF.cT-CoMiiusTrox Method 

Determine carbon by the direct-combustion method descril>ed in the Tenta- 
tive Method.s of Chemical Analysis of Steel, Ca.Ht Iron, Open-IIearth Iron and 
Wrought Iron (A. S. T. M. Designation: E 30-36 T) of the American Society 
for Testing Material.s with the following modifications: 

1. It is ad\'isab!e to u.se a flux such as ingot iron or red lead, particularly 
with low-carbon alloys. If fluxes are added, great care shall be taken in ob- 
taining a proper correction for the blank. 

« See p. 1428. 




FERRO-ALLOYS 


1507 


2. Because of the high sulfur maximum, special provision must be made for 
the removal of oxides of sulfur in the exit gases. This can be done (a) by 
passing the gases through platinized silica gel heated to 500® C. and then 
through a column of ironized asbestos ; (5) by passing through a strong solution 
of chromic acid or potassium permanganate and then through a desiccant 
such as magnesium perchlorate; or (c) by inserting a 6-in. plug of ironized 
asbestos in the exit end of the combustion tube and burning out the accumulated 
sulfate regularly. 


Determination of Molybdenum 

Solutions and Apparatus Required: Ferric Phosphate Solution . — Dissolve 
100 g. of ferric sulfate in 1 liter of water to which 150 ml. of phosphoric acid 
(sp.gr. 1.73) and 20 ml. of dilute sulfuric acid (1:1) have been added. 

Standard 0.1 N Potassium Permanganate , — Prepare and standardize the 
solution as described in the Tentative Methods of Chemical Analysis of Ferro 
Alloys (A, S. T. M. Designation : A 104-36 T) of the American Society for 
Testing Materials.^ One ml. of a 0,1 N solution of KMn04 represents 0.0067 g. 
of sodium oxalate, and 0.0032 g. of molybdenum. 

Jones Reductor . — The redactor should contain a column of 20 to 30-mcsh 
amalgamated zinc % in. in diameter and 10 in. in length, resting on enough 
asl>estos to prevent particle.s of zinc from passing into the receiving flask. To 
amalgamate the zinc, treat it with a solution of IlgCL (2%) for a few minutes 
and then wash thoroughly with water, ^\^len idle, the reductor should always 
be kept full to above the top of the zinc with distilled water. 

Method 

Transfer 0.5 g. of sample to a 150-ml. beaker, cover, treat with 10 ml. of 
dilute IlXOa (1 : 3), and warm to complete solution. If solution is difficult, 
add a drop or two of HF. When reaction is complete, cautiously add 10 ml. of 
dilute ILSO^ (1 : 1), and evaporate to fumes of the acid. Cool, add 40 ml. of 
water and warm. Rinse and remove the cover, filter and wash the paper 
and silica 12 to 15 times with hot water, 3 to 4 times with hot dilute NILOH 
(I : 3), and finally 4 to 5 times with hot water, the washings being allowed to 
run into the main filtrate. Discard the silica. Cool, add IsILOH until it is 
difficult to avoid a red tint, and heat the still acid solution to boiling. Pour 
the solution .slowly and with vigorous stirring into 75 ml. of nearly boiling 
dilute NILOII (1 : 5) contained in a 500-mI. beaker. Rinse the beaker with 
a little water, and then with a little hot dilute X H4OH and add to the main 
solution. Add a little paper pulp, filter into a SOO-ml. beaker, and wash the 
residue with hot water. Set the filtrate a.'^ide. Dissolve the precipitate in a 
slight excess of hot dilute H-:S04 (1 : 4), and nearly neutralize and pour into 
NH4OH as before. Filter into the reserved filtrate. Dissolve the precipitate 
and repeat the operation. 

Treat the three combined ammoniacal filtrates with 3 g. of powdered 
tartaric acid. Stir until dissolved, and saturate the warm solution with Hi-S. 
If a precipitate appears, filter and wash with a dilute solution of (X 114)28. 

“ See p. 1490. 
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Warm the filtrate, cover the beaker, and add dilute H2S04 (1 : 1) until the 
solution contains 10 mi. in excess for each 100 ml. of solution. Let the solution 
stand at the side of the steam bath (about 40° C,) for 15 minutes, and let settle. 
Filter, and wash the sulfide thoroughly with dilute H2SO4 (1 : 99) containing 
10 g. of tartaric acid per liter and saturated with H2S.^ 

Transfer the H0S3 and paper to a 250-ml. beaker, cover, and treat with 6 ml. 
of H2SO4 and 10 ml. of HNO3. Cautiously heat until fumes of HaSOi are 
given off. Let cool, add 5 ml. of HNO3, again heat to fumes, and repeat the 
treatment until the yellow color due to organic matter has disappeared. Cool, 
rinse and remove the cover, rinse the inside of the beaker, and add a solution 
of KMnO^ (2.5%) very cautiously until a permanent red tint is obtained. 
Again evaporate to fumes of H2SO4. Cool and add 75 ml. of water. Boil 
for a few minutes, add 2 g. of pure zinc shot (0.002% of iron or under), and 
continue the boiling until any copper has been reduced to metal. Filter 
through a filtering crucible and wash with hot water. 

If the Jones reductor has been standing idle, pass 100 ml. of warm (40 to 
50° C.) dilute H3S04 (5 : 95) through it, then a little water, and discard the 
solution. Add 35 ml. of the phosphate solution to the receiver, and then 
enough water so that the tip of the reductor dips well beneath the solution 
when the receiver is connected with the reductor. Draw the cool or slightly 
warm solution of the molybdenum, which should be about 100 ml. in volume 
and contain about 5 ml. of H3S04, through the reductor as the receiving flask 
is given slight rotary motion. Just before the surface of the liquid reaches the 
zinc, add a 50-ml. portion of water, and finally rinse by adding two more por- 
tions, each time just before the surface of the solution reaches the zinc. Close 
the stopcock while a portion of the last washing solution remains in the reductor 
funnel. Disconnect, and raise the redactor as a little water Ls allowed to run 
through the stem, rinse the outside of the stem, and proceed with the titration 
with the standard 0. 1 \ solution of KMnOj. Run a blank, subtract the volume 
of 0.1 N solution required, and multiply the remainder by the molybdenum 
titer of the solution. 

Determination' of Sulfur 

Transfer 2 to 5 g. of the sample to a 500-mI, casserole and dissolve it in 30 
to 75 ml, of HXO3 (sp.gr. 1.42). The reaction is likely to Ixj very rapid and the 
acid should be added cautiously to the covered casserole which Ls preferably 
kept cooled by immersion in ice water. 

Add 30 ml. of HCl (.sp.gr. 1.19) and evaporate to dryness on the sand or 
steam bath. Add 30 ml. more of HCl (sp.gr. 1.19), again evaporate to dryness, 
and bake for 30 minutes at 105° C. Take up with 25 to 50 ml. of HCl (sp.gr. 
1.19) and when solution i.s complete, dilute with water, and filter to remove 
silica. Evaporate the filtrate to from 15 to 25 ml. to expel most of the free 
acid, and dilute to 1(K) ml. with warm water. Add a little paper pulp, filter, 
and wash, first with dilute HCl (1 : 99) and then with water. Dilute to 200 ml., 
add 20 ml. of a solution of BaCL (10%), and stir vigorously for several minutc^^- 
Allow to stand overnight and filter on a pajicr of close texture. Wash the 
paper and BaSO,, 18 to 20 times with cold HCl (1%), 3 or 4 times with NILOH 
(5%) to remove ammonium p h os pho molybdate, ignite and weigh. A blank 
should be run on all reagents u.sed. 

** Test filtrate for molybdenum by the colorimetric method, p. 1464. 
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Determination op Phosphorus 

Dissolve 2 g. of the finely ground sample in 20 ml. of HNO3, (sp.gr. 1.42) 
and 20 ml. of HCl (sp.gr. 1.19). Add 20 ml. of dilute H2SO4 (1:1) and eva> 
porate to fumes of sulfuric acid. Cool somewhat, add 75 ml, of dilute HCl 
(1 : 5), heat nearly to boiling and filter. Wash the filter with hot dilute HCl 
(1 : 5) and dilute the filtrate and washings to 250 ml. Add NH4OH in slight 
excess, beat to boiling, boil for 1 to 2 minutes, and let the precipitate settle. 
Filter through 11-cm. paper of loose texture and wash the precipitate with 
hot water. Discard the filtrate. Dissolve the precipitate in 25 ml. of hot 
dilute HCl (1:1) and reprecipitate with NH4OH, Filter, wash a few times 
with hot water, and discard the filtrate. Dissolve the precipitate in 100 ml. of 
hot dilute HNOj (1 : 3), catching the filtrate in a 300-inI. Erlenmeyer flask. 
From this point proceed as in the Determination of Phosphorus by the Alkali- 
metric Method in the analysis of Ferromanganese.^ 

Determination or Copper 

Transfer 5 g. of sample to a 400-ml. beaker and dissolve in a slight excess of 
dilute HNOj (1 : 3), adding a few drops of HF if solution is difficult. Cau- 
tiously add 25 ml. of H2SO4 (sp.gr, 1.84), and evaporate to fumes of sulfuric 
acid. Cool, treat with 150 ml, of water, filter into a 400-ml. beaker, and wash 
the residue with water. Nearly neutralize with NaOH and pour into 100 ml. 
of a warm solution of NaOH (10%). Filter, and discard the filtrate. Dissolve 
the precipitate in warm, dilute H2SO4 (1:3) and repeat the precipitation and 
filtration. Dissolve the precipitate in warm, dilute H2S04 (1 : 3). Cool 
and treat with 3 g. of powdered tartaric acid. When this has dissolved, add 
NH4OH till slightly alkaline, then dilute H2SO4 (1 : 1) till just acid, and finally 
2 ml. in excess. Add 5 g. of Na2SOa, heat nearly to boiling and, slowly and 
with stirring, add a solution of 1 g. of KC NS in as little water as possible. Add 
a little paper pulp and digest with occasional stirring for 30 minutes at about 
90° C. Filter and wash thoroughly with hot water containing a little tartaric 
acid and KCNS. Ignite paper and residue in a porcelain crucible at about 
700° C. Brush the residue into a 100-ml. electrolysis beaker, add 5 ml. of 
HNOa to the crucible, warm for a few minutes, and pour into the beaker. 
Heat until the oxide has dissolved and evaporate to 1 to 2 ml. Add 50 ml. of 
water and determine the copper by electrolysis (see the Determination of 
Copper in the Tentative Methods of Chemical Analysis of Steel, Cast Iron, 
Open-Hearth Iron and Wrought Iron (A. S. T. M. Designation: E 30-36 T) 
of the American Society for Testing Materials if the amount is high, or by 
the colorimetric method if the amount is small, 

“Seep. 1488. 

» See p. 1446. 



EXAMINATION OF BITUMINOUS SUBSTANCES, 
INCLUDING ASPHALTS, TARS AND PITCHES ^ 


PART I 

EXAMINATION OF CRUDE, REFINED AND BLENDED 
BITUMINOUS SUBSTANCES 

The methods ordinarily used for examining bituminous substances and their 
mixtures may be grouped under four headings, viz.: 

(1) Physical characteristics. (2) Thermal tests. 

(3) Solubility tests. (4) Chemical methods of examination. 
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• (o) Purity; (h) Care exercised in its preparation; (r) fnirinsic value. 
1 By Herbert Abraham. 
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In general, these tests may have one or more of the following objects in view: 

(a) To serve as a means of identification. 

(b) To ascertain the value of the substance for a given purpose. 

(c) To gauge its uniformity of supply. 

(d) As an ai<l to factory control in its preparation, refining or blending. 

(e) As a criterion of its quality. 

The most important methods of testing are given in Table I. 

Table II gives a list of the principal bituminous substances, together with 
such of their physical and chemical characteristics as wUl enable them to be 
distinguished, one from another. 


PHYSICAL CHARACTERISTICS 


Fracture 

This is ascertained upon cleaving the specimen by subjecting it to a sharp 
blow, and examining the cleavage surface. Only hard and “brittle” bitum- 
inous substances will yield to this test, including the hard asphalts and asphal- 
tites. The fracture may either appear conchoidal (rounded and curved like a 
shell), or hackly (jagged, irregularly and rough). 

Streak 

This represents the color of the powder which is left behind on drawing a 
piece of the solid bituminous material across the surface of unglazed porcelain. 
Hard bituminous materials only will yield to this test. The streak may be 
classified as wliite (where no streak is visible), yellowish, yellowish brown, 
brown, brownish black and black. 


Specific Gravity 

Hydrometer Method. — Where speed is essential and great accuracy not 
required, the specific gravity of fluid bituminous materials may be determined 
with a hydrometer having its scale sub-divided to unity in the third place of 
decimals. Usually a series of hydrometers are used, ranging respectively from 
0.800 to 0.900, 0.900 to 1.000, 1.000 to 1.080, 1,070 to 1,150, 1.150 to 1.230, and 
in such dimensions as to enable them to be used in a 100 ml. cylinder ap- 
proximately 300 mm. long Iiaving an inside diameter of not less than 32 mm. as 
ilJu.strated in Fig. 187. The hydrometer shall conform to the following re- 
quirements as to dimensions: 


Diameter of stem. 


Dimension 

Permissible 

Variation 

125 mm. 

6 mm. 

105 mm. 

5 mm. 

80 mm. 

4 nun. 

6 mm. 

0.5 mm. 

22 mm. 

1 mm. 
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Most hydrometers are adapted to read at 60° F./60° F., or in other words, 
the instruments are calibrated for water at 60° F. taken as unity. The standard 
temperature for testing bituminous materials is 77° F., and they should ac- 
cordingly be brought to this temperature when tested with the hydrometer. 
For correcting the reading to water at 77° F., it should be multiplied by 1.002, 
as follows: 


Sp.gr. at 77° F./77° F. = Sp.gr. at 77° F,/C0° F.X 1.002. 

In running the test, the bituminous material is brought to 77° F., imme- 
diately poured into the hydrometer jar, and then the hydrometer allowed to 


1 


^ 


hmm. 












Fig. 187. — Hydrometer for Liquid Bituminous Substances. 


sink into it until it comes to a definite resting-point, whereupon it is raised 
slightly, and allowed to sink a second time. The reacling is then noted. Tlic 
hydrometer must not be pushed below the |X)int at whicli it comes to rest until 
after the second reading has been taken, whereupon it shr)ulrl }>c pushed a slight 
distance below the end-point to ob.scrve whether or not it will rise. If it fails 
to do so, it Is evident that the bituminous material is too vi.-cous to be tested 
by the hydrometer method, and .some other method should bo employed. 
Care should bo taken that the hydrometer does not touch the sides or bottom 
of the cylinder when tlie reading is taken, also that the surface of the licpiidls 
free from froth or bubbles. 

The hydrometer has also l>een recommended for ascertaining the specific 
gravity of^hard asphalts, w'hich are melted and tested while fluid at elevatdl 
temperatures, the results being converted U) 60°/60° F. by suitable conversion 
tables. 

For converting specific gravity into degrees Baum6 and vice versa, the 
following formulae may be used: 
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For liquids lighter than water: 


°Baum6 = 


140 


Sp.gr. 60760^ F. 

For liquids heavier than water: 

°Baum6 = 145 — 


Sp.gr. 60760“ F. 

140 


-130 


130+“Baum6 


145 


Sp.gr. 60°/60“ F. = 


Sp.gr. 60760° F. 
145 


145 — °Baum6 


Pyknometer Method. — This method has been standardized as follows: 

(A) The specific gravity of road oils, road tars, asphalt cements and soft 
tar pitches shall be expres.sed as the ratio of the weight of a given volume of the 
material at 25° C. (77° F.) to that of an equal volume of water at the same 
temperature and sliall be cxpre.s.sed thus: 

Specific Gravity 25° C. (77° F.)/25° C. (77° F.) 

The determination of specific gravity shall be made with a pyknometer or 
weighing bottle (Fig. 188), wliich shall consist of a straight-walled glass tube 
approximately 70 mm. long and 22 mm. in diameter, carefully 
ground to receive an accurately fitting solid glass stopper with a 
hole of 1.5 to 1.7-mm. bore in place of the usual capillary 
opening. The lower part of the stopper is made concave in 
order to allow all air bubble.s to escape through the bore. 

The depth of the cup-shaped depression shall be about 4.8 mm. 
at the center. Tlie stoppered tube should have a capacity of 
about 24 ml. ami wlien empty should weigh not over 35 g. 

Before making a determination, tlie pyknometer with stop- 
per shall first be calibrated by weighing it clean and dry upon 
an analytical balance. This weight is called a. It shall then 
be filled with freshly boiled distilled water at a temperature of 
25° C. (77° F.), the stopper firmly inserted, all surplus moisture 
wiped from the surface with a clean dry cloth and again weighed. 

This weight is called h. 

When determining the specific gravity of road oils or road tars which flow 
readily, the material shall be brought to a temperature of 25° C. (77° F.) and 
poured into the pyknometer until it is full, with care to prevent the inclusion 
of air bubbles. The stopper is tlien firmly inserted and all excess of material 
forced through the opening is carefully removed with a clean dry cloth. The 
pyknometer and contents arc then weighed and this weight is callqd c. The 
specific gravity of the material shall be calculated from the formula: 

c — a 

Specific Gravity 



Fig. 188.— 
Pyknometer 
or Weighing 
Bottle. 
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When determining the specific gravity of tar and asphalt products which are 
too viscous for the method described in the preceding paragraph, a small amount 
of the material shall be brought to a fluid condition by the gentle application of 
heat, care being exercised to prevent loss by evaporation. When sufficiently 
fluid, enough is poured into the clean dry pykometer to about half fill it. Pre- 
cautions shall be taken to keep the material from touching the sides of the tube 
above the final level and to prevent the inclusion of air bubbles. The tube 
should be slightly warmed before filling. The pyknometer and contents are 
then cooled to room temperature and weighed with the stopper. This weight 
is called c. The pyknometer is next removed from the balance, filled with 
freshly boiled distilled water, and the stopper firmly inserted. It is then com- 
pletely immersed for not less than thirty minutes in a beaker of distilled water 
maintained at 25° C. (77° F.) after which it is removed, and all surplus water is 
wiped off with a clean cloth. It is immediately weighed. This weight is 
called d. The specific gravity of the material shall be calculated from the 
formula: 

Specific Gravity = --- ^ 

When making the specific gra\Tty determination it is important that; 

(o) Only freshly boiled distilled water shall be used, 

(6) When weighing the pyknometer completely filled, the temperature of 
its contents shall be within 1° C, (1.8° F.) of 25° C. (77° F.). 

(c) Precautions shall be taken to prevent expansion and overflow of the 
contents from the heat of the hand when wiping the surface of the pyknometer. 

(d) The presence of all air bubbles shall be eliminated in filling the pyknom- 
eter and inserting the stopper. 

(«) Weighings shall be made quickly after filling the pyknometer and shall 
be accurate to 1 mg, A number of trial fillings and catch weights may be 
necessary to obtain the desired degree of accuracy. 

(/) To prevent breakage of the pyknometer when cleaning it out after a 
determination has been made upon a very viscous or semi-solid material, it 
will be found ad\nsable to warm it in an oven at not over 100° C. untU most of 
the material may be poured out and then to swab it witl\ a piece of soft cloth 
or cotton waste. When cool it may be finally rinsed with carbon disulfide, 
benzol or other solvent and wiped clean. 

The limit of accuracy of the test is ±0.005 specific gravity. 

{B) The specific gravity of creosote oil fractions is determined in a similar 
manner by means of a pyknometer, but in this case the results are expresscii 
at 38° C. (100° F.)/15.5° C. (60° F.). 

{€) The pyknometer method may also be used for finding the specific 
gravity of hard and brittle bituminous substances, including hard asphalts of 
high fusing-point, asphaltites, asphaltic pyrobitumens, non-asphaltic pyro- 
bitumens and pyrobituminous shales. Approximately 3.5 grams of the material 
ground to 60-mesh are carefully weighed and introduced into a 50-ml. pyknom- 
eter, with about 30 ml. of distilled water. A vertical condensing bulb is at- 
tached to the pyknometer with a small section of rubber tubing, the open end 
being connected with an aspirator to maintain a partial vacuum. The pyknom- 
et^r is th^n boiled on a water-bath to expel all the air from the sample. The 
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inside of the condensing tube is then washed back into the pyknometer, which 
18 cooled to the desired temperature, stoppered, filled to the mark with water 
at the same temperature and weighed. The specific gravity may then be 
calculated from the foregoing formula. 

Analjrlical Balance Method. This method is adapted for substances which 
can be melted and cast in a mold to form a briquette which may be handled on 
cooling. It has been standardized as follows: 

The determination of specific gravity shall be made with an analytical 
balance equipped with a pan-straddle or other stationary support (Fig. 1^9). 



Fig. 189. — Analytical Balance for Ascertaining the Specific Gravity, 


The test specimen shall be a cube of the material measuring approximately 

in. to the edge. It shall be prepared by melting a small sample of the 
material by the gentle application of heat, care being exercised tp prevent loss 
by evaporation, and pouring when sufficiently fluid into a 3^-in. brass cubical 
mold, having the form illustrated in Fig. 194, which has been amalgamated 
with mercury and which is placed on an amalgamated brass plate. Precautions 
should be taken to prevent the inclusion of air bubbles. The hot material 
should slightly more than fill the mold and when cool the excess may be cut off 
with a hot spatula. The specimen shall be removed from the mold when cooled 
to room temperature. 

The balance shall first be tared with a piece of fine waxed silk thread suffi- 
ciently long to reach from the hook on one of the pan supports to the straddle or 
rest. The test specimen shall then be attached to the thread, so as to be 
suspended about 1 in. above the straddle from the hook on the pan support, 
and weighed. This weight is called a and shall be accurate to 0.1 mg. The 
specimen, still suspended by the thread, shall then be weighed completely 
immersed in freshly boiled distilled water nt 25“ C. (77® F.)±l® C. (1.8® F.), 
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adhering air bubbles being first removed with a fine wire. This weight is 
called b and shall be accurate to 0.1 mg. The specific gravity of the material 
shall be calculated from the formula: 

Specific Gravity = ^ 
a~b 

The limit of accuracy of the test is ±0.005 specific gravity. 

Viscosity 

Engler Method. — This method as described on p, 1718 is adapted for examin- 
ing liquid or semi-liquid bituminous substances. 

Saybolt Method. — The details of this method will be found on p. 1719. 

Float Test. — This instrument is used largely for testingthevi.sco.sity or consist- 
ency of semi-solid bituminous materials. The range of the float test is limited, 
and it cannot be used with very fluid bituminous materials or with hard solids. It 
accordingly fills the gap between the Engler viscosimeter on one hand, and the 
needle penetrometer on the other. The test is not affected by the presence of 
finely divided mineral matter or free carbon. 

The procedure has been standardized as follows: 



Fio. 190. — Float Test Apparatus. 
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The float (Fig. 190) shall be made of aluminium or aluminium alloy and 
shall be in accordance with the following requirements: 



Minimum 

Normal 

' Maximum 

Weight of float, g 

37.70 1 

37.90 

38.10 

Total height of float, mm 

34.0 

35.0 j 

36.0 

Height of rim above lo\v(‘r side of slioulder, mm. . 

26.5 

27.0 ' 

27.5 

Tliickness of .shcmlder, mm 

1.3 

1.4 

1.5 

Diameter of opening, mm 

11.0 

n.i 

11.2 


The collar shall l)e made of brass and shall be in accordance with the 
following requirements: 


■ 

Minimum 

Normal 

Maximum 


9.60 

9.80 1 

10.00 

all /if f'nllfir nun 

22.3 

, 22.5 

i 22.7 

V,/Yv?I *111 11' 'u ijiiii. 

In^iclo 'it 

I 12.72 

12.82 ^ 

12.92 

In<idc diameter at top, mm 

9.65 

9.70 

9.75 






The top of the collar shall screw up tightly against the lower side of the 

slioulder. . i i_ 

The assembled float and collarj with the collar filled flush with the bottom 
and weighted to a total weight of 53.2 g., shall float upon water with the rim 
8.5 ±1.5 mm. above the surface of the water. Dimensions of the apparatus 
additional to those required above are given in Fig. 190, The thermometer 
shall be graduated in either Centigrade or Fahrenheit degrees as specified, the 
ranges being -2" to -f 80" C. or +30° to +180" F., respectively. The diam- 
eter of the bath and the depth of water shall be at least 185 mm. 

The brass collar shall be placed with the smaller end on a brass plate which 
lias been previously amalgamated with mt^rcury by first rubbing it with a dilute 
solution of mercuric chloride or nitrate, and then with mercury. 

Tlie sample shall bo completely melted at the lowest possible temperature 
that will bring it to a sufiicicntlv fluid condition for pouring, excepting creosote 
oil residues, which shall lie mixed and poured at a temperature of 100 to 12d C. 
It shall be stirred thoroughly until it is homogeneous and free from air bubbles. 
The sample sliall then be poured into the collar in any convenient manner untU 

slightly more than level with the top. , ,, v 

Asphalt and Asphalt Products.— Jisphalt and asphalt produc^ shall be 
cooled to room temperature, placed in water maintained at 5 . or ve 

niinutcs, after which the surplus material shall be removed by means of a 
i-patula, or steel knife, which has been slightly heated. The collar and pjate 
shall then be placed in a tin cup containing ice water maintained at 5 t., 

±rc., and left in this bath for at least fifteen minutes. 

Tar Products.-Tav products shall be immediately immersed in ice water 
maintained at 5“ C. for five minutes, after which the surplus material shal be 
removed by means of a spatula or steel knife, which has been slightly heated. 
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The collar and plate shall then be placed in a tin cup containing ice water 
maintained at 5® C., ±1° C., and left in this bath for at least fifteen minutes. 

The bath shall be filled with water and the water heated to the temperature 
at which the test is to be made. This temperature shall be accurately main- 
tained and shall at no time throughout the test be allowed to vary more than 
0.5® C. from the temperature specified. 

After the material to be tested has been kept in the ice water for not less 
than fifteen minutes nor more than thirty minutes, the collar with its contents 
shall be removed from the plate and screwed into the aluminium float and 
immersed in water at 5® C. for one minute. Any water shall then be removed 
from the inside of the float and the latter immediately floated in the warm bath. 
As the plug of material becomes warm and fluid, it is forced upward and out of 
the collar until the water gains entrance into the saucer and causes it to sink. 

The time in seconds between placing the apparatus on the water and when 
the wrater breaks through the material shall be determined by means of a stop 
watch, and shall be taken as a measure of the consistency of the material under 
examination. 

Note. — Special precautions should be taken to insure the collar fitting tightly into the 
float and to see that there is no seepage of water between the collar and float during the 
test. 

Penetration (Hardness) 

Penetration is defined as the consistency of a bituminous material, expressed 
as the distance that a standard needle vertically penetrates a sample of the 
material under known conditions of loading, time and temperature. Where 
the conditions of test are not specifically mentioned, the load, time and tem- 
perature are understood to be 100 g., 5 seconds, 25® C. (77® F.), respectively, 
and the units of penetration to indicate hundredths of a centimeter. 

The container for holding the material to be tested shall be a flat-bottom, 
cylindrical metal or glass dish, 55 mm. (2]^gin.) in diameter and 35 mm. { 1 ’% 
in.) deep. The needle (Fig. 191) for this test shall be made from a cylindrical 
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Fio. 191. — Needle for Penetration Test. 


*ppfOth>ehff 1 

* * 


steel rod approximately 50.8 mm. (2 in.) long, and having a diameter of 1.00 
to 1.02 mm. This shall l>e symmetrically tapered at one end to a cone ap- 
proximately 6.35 mm. (1^ in.) in height and w^hose angle shall lx; within the 
range if 8® 40' and 9® 40'. After tapering, the point shall he “ blunted " by 
grinding off to a truncated cone, the smaller base of which shall be from 0.1 1 
to 0.16 mm. in diameter. The finished needle shall be hardened and higldy 
polished. 

The water bath shall be maintained at a temperature not varying more than 
0.1® C. from 25® C, (77® F.). The volume of water shall be not less than 10 
liters and the sample shall be immersed to a depth of not less than 10 cm* 
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(4 in.) and shall be supported on a perforated shelf not less than 5 cm. (2 in.) 
from the bottom of the bath. Any apparatus which will allow the needle to 
penetrate without appreciable friction, and which is accurately calibrated to • 
yield results in accordance with the definition of penetration, will be acceptable. 

The transfer dish for container shall be a small dish or tray of such capacity 
as will insure complete immersion of the container during the test. It shall 
be provided with some means which will insure a firm bearing and prevent 
rocking of the container. 

The sample shall be completely melted at the lowest possible temperature 
and stirred thoroughly until it is homogeneous and free from air bubbles. It 
shall then be poured into the sample container to a depth of not less than 15 mm. 

in.). The sample shall be protected from dust and allowed to cool in an 
atmosphere not lower than 18° C, (65° F.) for one hour. It shall then be 
placed in the water bath along with the transfer dish and allowed to remain 
one hour. 

In making the test, the sample shall be placed in the transfer dish filled 
with water from the water bath of sufficient depth to completely cover the 
container. The transfer dish containing the sample shall then be placed upon 
the stand of the penetration machine. The needle loaded with specified weight 
shall be adjusted to make contact with the surface of the sample. This may 
be accomplished by making contact of the actual needle-point with its image 
reflected by the surface of the sample from a properly placed source of light. 
Either the reading of the dial shall then be noted or the needle brought to zero. 
The needle is then released for the specified period of time, after which the 
penetration machine is adjusted to measure the distance penetrated. 

At least three tests shall be made at points on the surface of the sample not 
less than 1 cm. in.) from the side of the container and not less than 1 cm. 

in.) apart. After each test the sample and transfer dish shall be returned 
to the water bath and the needle shall be carefully wiped toward its point with 
a clean, dry cloth to remove all adhering bitumen. The reported penetration 
shall be the average of at least three tests whose values shall not differ more than 
four points between maximum and minimum. 

When desirable to vary tl\c temperature, time and weight, and, in order to 
provide for a uniform method of reporting results when variations are made, the 
samples shall be melted and cooled in air as above directed. They shall then 
be immersed in water or brine, as the case may require, for one hour at the tem- 
perature desired. The following combinations are suggested: 

At 0° C. (32° F.) 200-g. weight, 60 seconds. 

At 46.1° C. (115° F.) 50-g. weight, 5 seconds. 

Ductility 

This test has been standardized as follows: 

The ductility of a bituminous material is measured by the distance to which 
it will elongate before breaking when two ends of a briquet of the material of 
the form described, are pulled apart at a specified speed and at a specified 
temperature. Unless otherwise specified, the test shall be made at a tempera- 
ture of 25° C.±0.5° C (77° F.±0.9° F.) and with a speed of 5 cm. per minute 
(±5.0%). 



1522 EXAMINATION OF BITUMINOUS SUBSTANCES 


The mold shall be similar in design to that shown in Fig. 192. Dimensions 
shall be as given with the permissible variations indicated. The mold shall 
be made of brass, the ends, b and being known as clips, and the parts, a and 


I 1 



The opening in the end of each clip, as indicated by “x/’ shall be half an ellipse 
having a transverse axis of 3.2 cm. ±0.05 cm. and half of the longitudinal axis shall- 
be 1.45 to 1.55 cm. 

Fig. 192. — Mold for Ductility Test Specimens. 

a', as sides of the mold. The dimensions of the mold shall be such that, when 
properly assembled, it will form a briquet having the following dimensions: 

Tot a I length 7 . 4 5 to 7 . 55 cm . 

Distance between clips 2.97 to 3.03 cm. 

Width at mouth of clip 1.98 to 2.02 cm. 

Width at minimum cros.s-scc‘tion (halfwav between 

clips) “ 0.99 to 1.01 cm. 

Thickness throughout 0.99 to 1.01 cm. 

The water bath .shall be maintained at the specified test temperature varying 
not more than O.U C. (0.18° F.) from this temperature. The volume of water 
shall be not les.s than 10 liters and the sample shall l)e immersed to a depth of 
not less than 10 cm. and shall be supported on a perforated shelf not less than 
5 cm. from the bottom of the hath. 

For pulling the briquet of bituminou.s material apart, any apparatus may 
be used that is so con.structed that the briquet will l)e continuously immersed in 
water as specified, while the two clips are pulled apart at a uniform speed, as 
specified, without undue vibration. 

The bituminous material to be tested shall be completely melted until 
thoroughly fluid by heating it in an oil bath maintained at the minimum 
temperature needed to properly liquefy the sample. It .shall then be 
strained through a No. 50 sieve and, after a thorough stirring, poured into the 
mold. The mold shall be assembled on a brass plate and, so as to prevent the 
material under test from sticking, the surface of the plate and interior surfaces 
of the sides aa\ of the mold shall be thoroughly amalgamated.^ The plate 
ujwn which the mold is placed shall be perfectly flat and level so that the bottom 
surface of the mold will touch it throughout. In filling the mold, care shall be 
taken not to disarrange the parts and thus distort the briquet. In filling, the 

* The amalgamation may best be effected by immersing the clean mold in a solution 
of mercury bisvUphate containing free metallic mercury, and so a.s to come in contact with 
the latter. Instead of mercury, the metal mold, preferably of stainless steel, may be 
moistened with glycerol. 
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material shall be poured in a thin stream back and forth from end to end of 
the mold until it is more than level hull. It shall be left to cool to room tem- 
perature and then placed in the water bath maintained at the specified tem- 
perature of test for 30 minutes, after which the excess bitumen shall be cut off 
by means of a hot straight-edged putty knife or spatula so that the mold shall 
be just level full. 

Note. — When paving asphalt cements are being tested, the oil bath shall be main- 
tained at a temperature of from 125 to 150° C. (257 to 302° F,). 

The brass plate and mold, with briquet, shall then be placed in the water 
bath and kept at the specified temperature for at least \}/2 hours, when the 
briquet shall be removed from the plate, the side pieces detached, and the 
briquet immediately tested. The rings at each end of the clips shall be at- 
tached to the pins or hooks in the ductility machine and the two clips pulled 
apart at a uniform speed as specified until the briquet ruptures. A variation 
of ±5% from the speed specified will be allowed. The distance through which 
the clips have been pulled to produce rupture sliall then be measured in centi- 
meters. While the test is being made, the water in tlie tank of the ductility 
machine shall cover the sample both above and below it by at least 2.5 cm. and 
shall be kept continuously at the temperature specified within ±0.5° C. 
(±0.9° F.). 

A normal test is one in which the material between the two clips pulls out 
to a point or tliread until rupture occurs at the point where the thread has 
practically no cross-sectional area. The average of three normal tests shall be 
taken and reported as the ductility of the sample. 

If the bituminous material comes in contact with the surface of the water 
or the bottom of the bath, the test shall not be considered normal. 

Note. — W hen t)ie sjx'cific gravity of the bituminous material to be tested is below 
0.98 or above 1.01, the specific gravity of the water bath in the duetility machine shall 
he made the same as the material to be tested by the addition of either methyl alcohol 
or .sodium chloride. 

If a normal test is not obtainable on three successive tests, the ductility 
shall be reported as being unobtainable under the conditions of the test. 


THERMAL TESTS 
Fusing or Softening-Point 

Ring-and-Ball Method. — This has been standardized as follows: 

The softening of bituminous materials generally takes place at no definite 
nioment or temperature. As the temperature rises, they gradually and im- 
perceptibly change from a brittle or exceedingly thick and slow-flowing material 
lo a softer and less viscous liquid. For this reason the determination of the 
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softening-point must be made by a fixed, arbitrary and closely defined method 
if the results obtained are to be comparable. 

The apparatus shall consist of the following: 

(a) A brass ring 15.875 mm. (5^ in.) in inside diameter and 6.35 mm. 
deep; thickness of wall, 2.38 mm. in.); permissible variation on inside diam- 
eter and thickness of ring 0.25 ram. (0.01 in.). This ring shall be attached in a 
convenient manner to a No. 13 B. & S. gauge brass wire (diameter 1.83 mm. 
= 0.072 in.). See Fig. 193. 



Auembly 


Proper Poiition . 
of Boll. 


Fig. 193. — Apparatus for Ring-and-Ball Method. 


(6) A steel ball 9.53 mm. in.) in diameter weighing between 3.45 and 
3.55 g. 

(c) A glass vessel, capable of being heated, not less than 8.5 cm. (3.34 in.) 
in diameter and measuring 10.5 cm. (4.13 in.) in depth from the bottom of the 
flare. (A 600-mI. beaker, low form, meets this requirement.) 

The sample shall be melted at the lowest possible temperature to avoid loss 
of volatile constituents and stirred thoroughly, avoiding incorporating air 
bubbles in the mass, and then poured into the ring so as to leave an excess on 
cooling. The ring, while being filled, should rest on a brass plate which has 
been amalgamated to prevent the bituminous material from adhering to it. 
After cooling, the excess material shall be cut off cleanly with a slightly heated 
knife. 

For Substances Fusing at80°C. (IT&'F.) or Below , — Use a thermometer which 
shall be graduated in either Centigrade or Fahrenheit degrees as may be specified, 
the ranges being —2 to +80® C., or 30 to 180® F., respectively. Fill the glass 
vessel to a depth of substantially 8.25 cm. (3.25 in.) with freshly boiled, dis- 
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tilled water at 5“ C. (41° F.). Suspend the ring containing the sample in the 
water so that the lower surface of the filled ring is exactly 2.54 cm. (1 in.) 
above the bottom of the glass vessel and its upper surface is 5.08 cm. (2 in.) 
below the surface of water. Place the ball in the water but not on the specimen. 
Suspend the thermometer so that the bottom of the bulb is level with the 
bottom of the ring and within 0.635 cm. {}/i in.), but not touching the ring. 
Maintain the temperature of the water at 5^ C. (41° P.) for fifteen minutes. ^ 
With suitable forceps, place the ball in the center of the upper surface of the 
bitumen in the ring, thus completing the assembly as in Fig. 193. Apply the 
heat in such a manner that the temperature of the water is raised 5° C. (9° F.) 
each minute. The temperature recorded by the thermometer at the instant 
the bituminous material touches the bottom of the glas.s vessel shall be reported 
as the softening point. No correction shall be made for emergent stem. The 
rate of rise of temperature shall be uniform and shall not be averaged over the 
period of the test. The maximum permissible variation for any minute period 
after the first three shall be ±0.5° C. (0.9° F.). All tests in which the rate of 
rise in temperature exceeds these limits shall be rejected. 

For Substances Fusing above C, {176° F ,), — The thermometer shall 
be graduated in either Centigrade or Fahrenheit degrees as specified, the ranges 
being 30 to 1G0° C., or 85 to 320° F., respectively. The same method as given 
above shall be employed, except that U. S. P. glycerin shall be used instead of 
water, and the starting point of the glycerin bath shall be 32° C. (89.6° F.). 
The bath shall be brought to this temperature and thoroughly agitated, then 
the apparatus and specimens shall be placed in the bath which shall be main- 
tained under agitation at the starting temperature for fifteen minutes, after 
which the assembly shall be completed by placing the ball on the center of the 
specimen and the test carried on as above. In applying the heat, the ring 
apparatus shall be placed olT tlie center of the container and the burner placed 
midway between the center and edge of the beaker away from the specimen. 

Rigid adherence to tlie prescribed rate of heating is absolutely essential in 
order to secure accuracy of results. A sheet of paper placed on the bottom of 
the glass vessel and conveniently weighted will prevent the bituminous material 
from sticking to the glass vessel, thereby saving considerable time and trouble 
in cleaning. The limit of accuracy of the test is ±0.5° C. (0.9° F.). 

Cube Method. — This method is restricted to testing tar-pitches, and has 
been standardized as follows : 

The softening of pitch takes place at no definite moment or temperature. 
As the temperature rises, pitch gradually and imperceptibly changes from a 
brittle or exceedingly thick and slow-flowing material to a softer and less 
viscous liquid. For this reason the determination of the softening-point must 
be made by a fixed, arbitrary and closely defined method if the results obtained 
are to be comparable. 

The apparatus shall consist of the following: 

(a) A mold suitable for forming a 12.7-mm. cube of pitch. (A 

recommended type is shown in Fig. 194). 

* Note bt Author. — It will be found more convenient, and the accuracy of test will 
in no way be sacrificed, if the initial temperature of the water is maintained 25° F. below 
the softening point of the substance under examination. 
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(h) An L“shaped right-angled hook made of No. 12 B. and S. gauge copper 
wire (diameter 2.05 mm. = 0.0808 in.) the foot of wliich shall be 2.54 cm. (1 in.) 
long. 

(c) A glass vessel, capable of being heated, not less than 8.5 cm. (3.34 in.) 
in diameter and measuring 10.5 cm. (4.13 in.) in depth from the bottom of the 
flare. (A 600-mI. beaker, Griffin low form, meets this requirement.) 

(d) A thermometer shall be graduated in either Centigrade or Fahrenheit 
degrees as specified, the ranges being —2 to +80° C. or +30 to +180° F., 
respectively. 



The pitch shall be formed into a 12.7-mm. (34-in.) cube, truly shaped and 
with sharp edges, either by melting and pouring, or softening and pressing, 
into a mold. In all cases an excess of pitch shall be used and the surplus mate- 
rial shall be cut off cleanly with a slightly heated knife. The harder pitches 
specified can ordinarily be molded at room temperature, the softer pitches in 
water at about 4° C. (39.2° F.). If they are melted, they should first be 
thoroughly stirred, avoiding incorporating air bubbles in the mass, and then 
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poured into the mold so as to leave an excess on cooling. The mold should 
rest on a brass plate and the surface of the plate and the interior surfaces of the 
mold should be amalgamated to prevent the pitch from adhering to them. 

For Pitches Fusing between 110 and 170'' F, — Assemble the apparatus as 
shown in Fig. 194. Fill the glass vessel to a depth of substantially 9.5 cm. 
(3.75 in.) with freshly boiled, distilled water at 15.5° C- (60° F.). Place the 
cube of pitch on the wire as shown in Fig. 194 and suspend it in the water so 
that its lower edge is exactly 2.54 cm. (1 in.) above the bottom of the glass 
vessel and its upper edge is 5.08 cm. (2 in.) below the surface of the water. 
Allow it to remain in the water for fifteen minutes before applying heat. Sus- 
pend the thermometer so that the bottom of the bulb is level with the bottom 
edge of the cube of pitch and within 0.035 cm. (34 iu-), but not touching the 
cube. Apply the heat in such a manner that the temperature of the water is 
raised 5° C. (9° F.) each minute. The temperature recorded by the ther- 
mometer at the instant the pitch touches the bottom of the glass vessel shall 
be reported as the softening-point. No correction shall be made for emergent 
stem. The rate of rise of temperature shall be uniform and shall not be 
averaged over the period of the test. The maximum permissible variation 
for any minute period after the first three shall be ±0.5° C, (0.9° F.). All 
tests in which the rate of rise in temperature exceeds these limits shall be 
rejected. 

For Pitches Fusing below 110" F. — Use the same method as given above, 
except that the water when placed in the glass vessel shall be at a temperature 
of 4° C. (39.2° F.). The cube shall be allowed to remain fifteen minutes in 
this water before applying the heat. 

The use of freshly distilled water is essential, as otherwise air bubbles may 
form on the cube and retard its sinking. Rigid 
adherence to the prescribed rate of heating is 
absolutely essential in order to secure accuracy 
. of results. A sheet of paper placed on the 
bottom of the glass vessel and conveniently 
weighted will prevent tlm pitch from sticking to 
the glass ves.sel, thereby saving considerable 
time and trouble in cleaning. The limit of 
accuracy of the test is ±0.5° 0. (0.9° F.). 

For Pitches Fusing above 170" F. — The 
heating is performed in an air bath in the appa- 
ratus illustrated in Fig. 195. The cube should 
be suspended in line with the observation win- 
dows, and the thermometer bulb brought to the 
same level. The temperat\ire is raised 9° F. 
per minute, and recorded by the thermometer when the cube drops 1 in. 

Volatile Matter 

This test is used for identifying various bituminous materials. Thus in the 
case of asphalts, the volatilization test will often serve to identify soft native 
asphalts, which contain larger percentages of volatile matter than soft residual 
or blown petroleum asphalts. Cut-back products also carry a large percentage 
of volatile constituents. 



Fia. 195. — Cube-in-Air Method 
for High Fusing-point SuRstanccs. 
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The test may also be used to determine the adaptability of a bituminous 
substance for certain definite purposes, where it becomes necessary to heat it to 
high temperatures, as for example in the paving industry or in manufacturing 
bituminized roofings and floorings. It likewise serves as a valuable adjunct for 
gauging the uniformity of supply and for purposes of factory control. It also 
furnishes an indication of the weatherproof properties of the material. Other 
thing being equal, bituminous substances showing the smallest percentage of 
volatile matter will prove most weatherproof on exposure to the elements. It 
should be noted, however, that the volatility test alone must not be taken as the 
final criterion as to whether or not a bituminous substance is weatherproof, 
since other factors should also be taken into consideration. The volatility 
test may be regarded as an accelerated test, showing the loss of volatile consti- 
tuents exclusive of water which will take place upon exposure to the weather in 
a relatively thin layer, for a long time. 

The following method has been adopted as standard. 



96. — Electrically-heated Volatility Oven. 


This test covers the determination of the loss in weight (exclusive of water) 
of oil and asphaltic compounds when heated as hereinafter prescribed. The 
material under examination shall, therefore, first be tested for water and if 
water is found to be present, it shall be removed by suitable methods of dehy- 
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dration before the material is subjected to the loss on heating test; or another 
sample shall be obtained which is free from water. 

The oven shall be rectangular in form with double walls and heated by 
electricity, as illustrated in Fig. 196. Its interior dimensions shall be as follows: 
height, exclusive of space occupied by the heating element, not less than 
29.26 cm. (11.5 in.), width and depth, each, at least 5.08 cm. (2 in.) greater than 
the diameter of the revolving shelf. The oven shall be provided with a per- 
forated metal circular shelf approximately 24.8 cm. (9.75 in.) in diameter. A 
recommended form of aluminum shelf is shown in Fig. 197. This shelf shall 





be placed in the center of the oven, with respect to all dimensions of the interior 
of the same, suspended by a vertical shaft and provided with mechanical means 
for rotating it at the rate of 5 to 6 revolutions per minute. One side of the 
oven shall be hinged and equipped to serve as a tight fitting door w^hich shall 
contain a window at least 4 in. square, with double glass, through which a 
thermometer, located in front of and level with the revolving shelf, may be 
read without opening the door. One round vent hold shall either be placed in 
the top and bottom of the oven, or one only near the top, and one only near the 
bottom at each side of the oven. Each hole shall be not less than 1.27 cm. 
(0.5 in.) nor more than 1.60 cm. (0,63 in.) in diameter and they shall both be 
left open during the operation of the oven. 

The thermometer shall be graduated in Centigrade degrees, the range being 
155 to 170® C. 

The container in which the sample is to be tested shall be of metal or glass, 
cylindrical in shape, and shall have a fiat bottom. Its inside dimensions shall 
be substantially as follows: diameter, 55 mm. (2.17 in.); depth, 35 mm. (1.38 in.). 

Note. — The American Can Company's 3-oz. Gill style flat-bottom, seamless oint- 
ment box, deep pattern, fulfills these requirements. 
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The sample as received shall be thoroughly stirred and agitated, warming, 
if necessary, to insure a complete mixture before the portion for analysis is 
removed. 

Fifty grams of the water-free material to be tested shall be weighed into a 
tared container conforming to the foregoing requirements. The oven shall be 
brought to a temperature of 163° C. (325° F,), and the box containing the sam- 
ple placed in one of the recesses of the revolving shelf. The oven shall then be 
closed and the shelf rotated 5 to 6 revolutions per minute during the entire test. 
The temperature shall be maintained at 163° C. ±1° C. (325° F. ±1.8° F.) 
for 5 hours after the sample has been introduced and the oven has again reached 
that temperature. The sample shall be removed from the oven, cooled and 
weighed, and the loss due to volatilization calculated. During the 5-hour 
period the temperature shall not vary more than ±1° C. (±1.8° F.). All 
tests showing a greater variation in temperature shall be rejected. 

Under ordinary circumstances a number of samples having about the same 
degree of volatility may be tested at the same time. Samples varying greatly 
in volatility should be tested separately. Where extreme accuracy is required, 
not more than one material should be tested at one time and duplicate samples 
of it should be placed simultaneously in the oven. Such duplicates shall check 
within the limits of accuracy given below. Results obtained on samples 
showing evidences of foaming during the test shall be rejected. 

Up to 5% loss in weight, the results obtained may be considered as correct 
within 0.5. Above 5 % loss in weight the numerical limit of error increases 


0.01 for every 0.5% increase 

in loss by volatilization, 

as follows: 

Volatilization 

‘ Numerical 

True Volatilization 

Lees, Per Cent 

Correction 

Lo8r. Per Cent 

5.0 

± 0.-50 

4 . 50 - 5.-50 

5.5 

± 0.51 

4 . 91 - 6.01 

6.0 

± 0.52 

5 . 48 - 6.52 

10.0 

± 0.60 

9 . 4 (± 10.60 

15.0 

± 0.70 

14 . 30 - 15.70 

25.0 

± 0.90 

24 . 10 - 25.90 

40.0 

± 1.20 

38 . 80 - 41.20 


Note. — If additional periods of heating are desired, it is nNXimmended that they be 
made in successive increments of five hours each. When the penetration or other charac- 
teristics of the sample after heating are required, melt the residue in the container at 
the lowast possible temperature and thoroughly mix by stirring, taking care to avoid 
incorporating air bubbles in the ma.ss. Then bring it to the standard temperature and 
test as prescribed. 

Evaporation Test 

This test is used principally for testing road oils, in determining the so- 
called a.sphalt content, and is carried out by evaporating the specimen under 
carefully controlled conditions until the residue shows a penetration of exactly 
100 at 77° F, (lOO g., 5 sec.). The percentage by weight of residue is recorded 
and furnishes an indication of the quantity of constituents present which may 
be depended upon to contribute to the durability of the pavement. It will 
serve to differentiate between straight-distilled and cut-back products. This 
test has been standardized as follows: 

This method of test covers the determination of percentage of residue having 
a specified penetration at 100 g,, five seconds, 25° C. (77° F.), obtained by 
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heating a road oil or a semisolid asphalt having a penetration of more than 
lOOj at a temperature of 249 to 260° C. (480 to 500° F.). When the penetration 
of the residue is not otherwise stated it shall be understood to be 100. The 
residue obtained is available for testing as desired. 

This method of test covers the determination of percentage of residue having 
a specified penetration at 100 g., 5 seconds, 25° C. (77° F.), obtained by heating 
a road oil or a semi-solid asphalt having a penetration of more than 100, at a 
temperature of 249 to 260° C. (480 to 500° F.). When the penetration of the 
residue is not otherwise stated it shall be understood to be 100. The residue 
obtained is available for tests as desired. 

The apparatus shall consist of a container, heating bath, hot plate, and 
thermometer, with necessary accessory apparatus. The container in which 
the sample is to be tested shall be a flat-bottom, cylindrical seamless tin box, 
70 mm. (2^ in.) in diameter and 45 mra. (l^'i in.) in depth. 

Note. — The American Can Co.'s 6-oz. Gill style flat-bottom, seamless ointment box, 
deep pattern, fulfills these requirements. 

(a) The heating bath shall be a cast-iron air-bath permitting the immersion 
of the container to a depth of through an opening ^ in. larger in diameter 



Fig. 198.— Cast-Iron Air-Rath. 


than the container. It shall support the container ^ in. above the hot plate 
and with at least in. free air space between the sides of the container and of 
the air-bath below the opening, A suitable air-bath is shown in Fig. 198. 
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(6) The air-bath shall be heated upon a suitably mounted hot plate, heated 
either electrically or by means of a gas flame. The plate shall be capable of 
maintaining the sample continuously at the required temperature, and ap- 
paratus necessary to fulfill this requirement, such as a rheostat or gas pressure 
regulator, shall be provided. 

The thermometer shall ccmform to the following requirements. These 
specifications cover a special thermometer graduated to either Centigrade or 
Fahrenheit degrees as specified, the ranges being —6 to +400° C., or +20 to 
+760° F., respectively. The sample as received shall be thoroughly stirred 
and agitated, to insure a complete mixture before the portion for testing is 
removed. 

One hundred grams (lOO.OOifcO.lO g.) of the material to be tested shall be 
weighed into a tared container, which shall then be placed in the air-bath in 
position to be heated. The thermometer shall be supported in the sample 
equidistant from the sides of the container and with the bottom of the bulb 
neither more than 34 in. above nor touching the bottom of the container. The 
bulb shall be completely immersed in the sample throughout the heating. An 
assembly of the apparatus is shown in Fig. 199. 



Fig. 199. — Assembly of Apparatus for Evaporation Test. 

The sample should be heated as rapidly as possible, to prevent foaming, to 
a temperature of 249° C. (480° F.) and during the evaporation, the temperature 
shall be maintained between 249° C. (480° F.) and 260° C. (500° F.). The 
sample shall be stirred with the thermometer from time to time to prevent local 
overheating and, to maintain a homogeneous sample, all cakes of hardened 
•bitumen which form at the sides of the container shall be fluxed in the sample. 

An experienced operator can judge approximately what percentage of 
residue he should obtain to secure the desired penetration. When it is sup- 
posed that the residue will shpw the required penetration, the bitumen on tb^ 




EXAMINATION OF BITUMINOUS SUBSTANCES 1533 


thermometer which may be readily scraped off shall be returned to the con- 
tainer, which then shall be removed from the air-bath, cooled and weighed. 
The penetration of the residue shall then be determined with the exception that 
the 6-oz. container in which the evaporation has been conducted, shall be used 
instead of the S-oz. container specified in the test for “penetration.” 

It frequently is necessary to make several trials before a residue of the 
required penetration is obtained. If it is determined to be greater than that 
required, all water shall be removed from the container and the surface of the 
sample, and the heating and determination of penetration may be repeated as 
before. Ordinarily a residue shall be considered as satisfactorily obtained when 
its penetration is within 15 of that desired, and its percentage by weight of the 
original sample shall be calculated. When it is necessary to determine more 
precisely the percentage of residue having the specified penetration, such a 
percentage shall be computed by interpolation between percentages of two 
residues, one having a penetration greater and one having a penetration lower 
than that specified. The percentage shall be reported as: 

Percentage of residue of penetration (determined ) stating, first, 

the specihed penetration, and second, the penetration actually determined for the sample 
tested or calculated by interpolation. 

Certain types of road oil will readily form rings of hard asphalt at the side 
of the container. Great care should be taken that this material be completely 
fluxed in the sample before the penetration of the residue is determined. Dupli- 
cate determinations should not differ by more than 1.0% with the same operator 
nor more than 2.5% between different laboratories. 

Flash-Point 

A number of flash-point testers have been proposed, including the Pensky- 
Martens, the Cleveland and the Tag types, which are fully described on p. 1744 ff. 

Fixed Carbon 

The same procedure is followed as for testing coal (“Volatile Combustible 
Matter”), as described on p. 1638 and p. 1639. 

Distillation Test 

The value of this test is to ascertain the adaptability of bituminous mate- 
rials for a given use, generally for road treatment; also for gauging the uniform- 
ity of supply, for purposes of factory control, and most important of all, as a 
criterion of the quality. This test is generally applied to tar products as an 
equivalent of the volatility test becomes of value in identifying the kind used 
(upon determining the specific gravity of the fractions distilled), as a means of 
distinguishing a cut-back tar from a straight-distilled tar (upon determining 
the specific gravity of the fractions, their viscosity, also the fusing- point of the 
residue), and for detecting the presence of abnormal amounts of naphthalene. 

This test lias been standardized as follows: 

(a) For Road Oils {Asphaltic and CoaUtar Pitch), etc . — The apparatus 
consists of a flask, condenser tube, shield, receivers and thermometers as 

specified, 
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Flask: The distillation flask, Fig. 200, shall be a side neck distilling flask, 
having the following dimensions: 


Diameter of bulb, outside 

Diameter of neck, inside 

Diameter of tubulature, inside 

Height of flask, outside 

Vertical distance bottom of bulb, outside, to 
horizontal tangent at tubulature inside. . . 

I^ength of tubulature 

Angle of tubulature 

Thickness of tubulature wall 


86 mm. dbl.5 mm. 
22 mm.zbl.O mm. 
10.0 mm.rtO.5 mm. 
131 mm. dbl.5 mm. 

93 mm. ±1.5 mm. 
220 mm. ±5.0 mm. 
73 deg. ±2 deg. 
1.0 to 1,5 mm. 


InsiJe Diameter 
22 mm. ± t.O mm. 



Condenser Tube: The condenser tube .shall be a suitable form of tapered glass 
tubing of the following dimensions: 

Outside diameter of .small end \2,b mm. ±1.5 mm. 

Outiido diameter of large end 28.5 mm. ±3.0 mm. 

I.«ngth 300,0 mrn.±4.0 mm. 

Length of tapered part 100.0 mm. ±5.0 mm. 

Shield: A galvanized iron shield, lined with J^^-in. asbestos, of the form and 
dimen.sion.s shown in Fig. 201 shall be used to protect the flask from air currents 
and to prevent radiation. The cover (top) may be of tran.sitc board made in 
two parts, or it may be of galvanised iron lined with asbestos. 

Receiver: The distillates shall be collected in tared Erlcnmeyer fla.sks having 
a capacity of 50 to 100 ml. 

Thermometer: The thermometer shall be graduated in either Centigrade or 
Fahrenheit degrees a.s specified, the range being from 0 to 400*^ C. or 30 to 
760° F., respectively. 

The sample as received, shall be thoroughly stirred and agitated, warming 
if necessary, to insure a complete mixture before the portion for analysis is 
jemoved. 

The material may be tested for distillation without dehydration, if water is 
present not to exceed 2.0%. If water is present in excess of 2.0%, the 
bituminous material shall be dehydrated before testing, by distilling 500 ml. 
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in an 800-ml. copper still provided with a water-cooled condenser, the distil- 
late being caught in a separatory funnel. When all the water has been ex- 



PlangcJ open~Er>J cylinder Two mics windows are 

msds of 22 gage galranizsd provided at right angles 

iron with asfceifos lining to the end slot, 

riveted to metal. 

Fig. 201.— Shield. 

pclled, the distillate is allowed to settle, the water drawn off and the oils 
returned to the residue in the still after the contents have cooled below 212'^ F. 



Fig. 202.— Distillation Apparatus ^Vssembly for Road Oils. 

The flask shall be supported on a tripod or rings over two sheets of 20-mesh 
gauze, 150 mm. square, as shown in Fig. 202. It shall be connected to the 
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condenser tube by a tight cork joint. The thermometer shall be inserted 
through a cork in the neck with the top of the bulb level with the lowest point 
of juncture of the tubulature and neck of the flask. 

The axis of the flask through the neck shall be vertical. 

The distance from the bulb of the thermometer to the outlet end of the 
condenser tube shall be not more than 600 nor less than 500 mm. The burner 
should be protected from drafts by a suitable shield or chimney. 

One hundred grams (100 g.±0.1 g.) of the sample shall bo weighed into the 
flask, the apparatus assembled and heat applied so that the first drop comes 
over in from five to fifteen minutes. The distillation shall be conducted at the 
rate of between 50 and 70 drops per minute and the distillate collected in 
weighed receivers. 

Note. — In testing creosote oils: 80 to 120 drops per minute are specified. 

The condenser tube shall be warmed whenever necessary to prevent 
accumulation of solid distillates. The fractions shall be collected at the 
points designated by the specifications. The receivers shall be changed 
when the thermometer indicates the maximum temperature for each fraction. 
When the maximum specified temperature of the test is indicated by the ther^ 
mometer, the flame shall be removed and any oil which has condensed in the 
condenser tube shall be drained into the last fraction. 

The residue shall remain in the flask with the cork and thermometer in 
position, until no vapors are visible and it shall then be weighed. If tests of 
the residue are required, the flask shall then be inclined so that the residue will 
flow around the sides, thus collecting any condensed vapors that may be on the 
sides of the flask, after which the residue shall be poured into a suitable recepta' 
cle and covered. If the residue becomes so cool that it cannot be poured readily 
from the flask, it shall be reheated to a temperature not exceeding 125° C. by 
holding the bulb of the flask in a suitable bath and not by the application of 
flame. For weighing the receivers and fractions, a balance accurate to at 
least 0.05 g. shall be used. 

During- the progress of the distillation the thermometer shall remain in its 
original position. No correction shall be made for the emergent stem of the 
thermometer. The results of the distillation test shall be reported in percent- 
ages by weight of water-free material. 

(6) Fot Cut-Back Asphaltic Products . — In testing cut-back a-sphaltic prod- 
ucts, the foregoing method is modified in the following particulars: 

The condenser shall consist of a 2o0-mm. standard glass jacketed condenser 
(Fig. 203). 

The following dimensions are recommended : 


Length of jacket, excluding the necks 250 mm.d; 5 mm. 

Outside diameter of adapter of condenser tube . 23 mm. ± 1 mm. 

Length of adapter 75 mm. ± 5 mm. 

Outside diameter of condenser tube proper. ... 12,5 mm. ± 0.5 mm. 

Overfall length of condenser tube, including 

adapter 475 mm. ±25 mm. 


The adapter shall be of the curved design of heavy wall (1 mm.) and rein- 
forced top ^ass, with an angle of approximately 105°, and with a diameter at 
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the large end of approximately 18 mm. The outlet end shall be ground to an 
angle of 45®±5® with the inside vertical. 

The receivers shall be graduated cylinders, of uniform diameter, with a 
pressed or molded base and a lipped top. The over-all height shall be not less 
than 24.8 cm. (9^ in.) nor more than 26.0 cm. (1034 The cylinder shall 



Fig. 203. — Distillation Apparatus Assembly for Cut-Back Asphaltic Products 

be graduated in single milliliters to contain 100 ml., and the graduated portion 
shall be not less than 17.78 cm. (7 in.) nor more than 20.32 cm. (8 in.) in length. 
Each fifth graduation shall be distinguished by a longer line, and the graduations 
shall be numbered from the bottom up at intervals of 10 ml. The graduations 
shall not be in error by more than 1 ml. at any point on the scale. 

The flask shall be supported on a tripod or ring over two sheets of 20-mesh 
gauze, 150-mm. square as shown in Fig. 203. It shall be connected to the 
condenser tube by a tight cork joint. The thermometer shall be inserted 
through a cork in the neck with the bottom of the bulb 34 in- from the bottom of 
the flask. The axis of the flask through the neck shall be vertical. The dis- 
tance from the neck of the flask to the outlet end of the condenser tube shall be 
not more than GOO nor less than 500 mm. The burner should be protected 
from drafts by a suitable shield or chimney. 

The adapter shall be adjusted over the end of the condenser tube so as to 
conduct the distillate into the receiver, and the top of the receiver shall be 
covered ^doaely during the distillation with a piece of blotting paper or its 
equivalent^ jyhich shall be cut so as to fit the adapter tightly. The adapter 
shall extend Into the receiver at least 2.54 cm. (1 in.) but not below the 100-ml. 
mark. Unless the laboratory air temperature is bet^veen 12.8 and 18.3® C. 
(55 and 66^ If.) the receiver shall be immersed up to the 100-ml. mark in a 
transparent maintained between these temperatures. The condenser tube 
shall be cl^pn and dry. 

Two hiSdi^ milliliters (calculated from the specific gravity of the material 
at 15.5® C. (W F.)) of the sample shall be weighed into the flask, the apparatus 
assembled and heat applied so that the first drop comes over in from 5 to 15 min. 
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The distillation shall be conducted at the rate of between 50 and 70 drops per 
minute. Should the sample foam the distillation rate will have to be reduced, 
but the normal rate shall be resumed as soon as possible. If excess foaming 
persists the distillation may be more easily controlled by applying the flame 
near the edge of the bulb instead of at the center of same. The distillate shall 
be collected in the specified receivers, and the volume of distillate at all specified 
temperatures recorded. The volume of any separated water shall also be 
recorded. When the maximum specified temperature of the test is indicated 
by the thermometer, the flame shall be removed and the residue poured imwe- 
diately into a C-oz. tin box placed on its cover to prevent tw’O rapid cooling at 
the bottom. Any oil which may remain in the condenser tube shall be drained 
into the last receiver. 

As soon as no further vaporization is apparent, the residue shall be stirred 
to insure homogeneity, and then poured into the necessary apparatus for the 
required tests. During the progress of the distillation the thermometer shall 
remain in its original position. No correction shall be made for the emergent 
stem of the thermometer. Temperatures to be observed in the distillation test 
shall be corrected for the effect of the altitude of the laboratory in which the 
test is made. 

The results of the distillation test shall be reported in percentage by volume 
of water-free material. 

(c) For Coa/-far Products . — In testing coal-tar products, the foregoing 
method shall be modified as follows: The thermometer shall be inserted through 
a cork in the neck of the fla.sk, wdth the bottom of its bulb 12 to 13 mm. from 
the surface of the oil. The exact location of the thermometer bulb shall be 
determined by placing a vertical rule graduated in divisions not exceeding 1 mm. 
back of the flask, when the latter is in position for the test, and sighting the 
level of the liquid and the point for the bottom of the thermometer bulb. 

The following fractions are usually reported: 


For Bituminous 
Rfja»i Oils: 

Up to 170'’ C. 
170 to 23.r C. 
235 to 270^ C. 
270 to 300® C. 
Residue. 


For Cut-hack 
Asphalt?i: 

x:p to 190" c. 
up to 225" C. 
Up to 315" C. 
Up to 360° G. 
Residue. 


For Coal-tar 
Pro<i!icU: 

Up to 210" C. 
210 to 23.5" C. 
235 to 270" C. 
270 to 315" 0. 
31.5 to 35.5" C. 
Residue. 
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SOLUBILITY TESTS 
Solubility in Carbon Disulfide 

This test is useful for purposes of identification, for ascertaining the adapt- 
ability of a bituminous substance for a given purpose, for gauging its uniformity 
of supply, and as a criterion of its quality (i.e., purity) and consequently its 
intrinsic value. Crude bituminous materials are often purchased on the basis 
of the percentage soluble in carbon disulfide. The presence of non-mineral 
matter insoluble in carbon disulfide may be regarded as just that much inert 
material, and in certain cases as an indication that the material has been care- 
lessly prepared or overheated in its process of manufacture. The mineral 
matter may be regarded as an adulterant. In the case of native asphalts, the 
larger the percentage soluble in carbon disulfide, the greater will be their 
intrinsic value. The percentage and composition of the mineral matter will 
often indicate the source of the native asphalts. Asphalts derived from pe- 
troleum are substantially free from mineral constituents, and with the possible 
exception of the harder grades, contain little to no non-mineral matter insoluble 
in carbon disulfide. 

With a native asphalt containing over 10% of mineral matter, it is necessary 
to separate the portion soluble in carbon disulfide, before ascertaining its 
physical characteristics, fusing-point, and sometimes fixed carbon, in which case 
the soluble constituents should be recovered as will be described. 

Two methods will be considered, depending upon w^hether or not the 
constituents are to be subjected to a detailed analysis. 

Where the Constituents are Not to be Examined Further. — In this case 
the method recommended follows along the lines of the one standardized by the 
A. S. T, M. which is substantially as follows, differing how^ever somewhat in 
phraseology: The sample shall be representative and if it contains more than 
2% of water it shall be deliyd rated by distillation in a copper still, the w atcr-free 
distillate being returned to the residue. If the material is hard and brittle, it 
may be ground ^ and dried at a temperature below the temperature of volatiliza- 
tion of the material, in a shallow nickel or iron dish. 

A Gooch crucible, approximately 4.4 cm. in width at the top, tapering to 
3.6 cm. at the bottom, with a depth of 2.5 cm. shall be set in the filter tube 
inserted in the stopper of the filtering flask. The flask shall be connected with 
the suction pump. Before suction shall be applied, the crucible shall be filled 
with asbestos * suspended in w-ater which shall be allowed to settle partly in the 
crucible. A light suction shall be applied to draw off the water, leaving a firm 
mat of asbestos in the crucible. More suspended asbestos shall be added and 
the process repeated until a felt is built up that barely transmits light. The 
felt shall then be thoroughly washed with water, dried in a drying oven, and 
ignited over a Bunsen burner. The crucible shall then be cooled in a desiccator 
and weighed. An amount of material wdiich shall contain approximately 1 
gram of bitumen shall be w’eighed into a tared Erlenmeyer flask. 

' Where it is not desirable to crush the rock or sand grains, a lump shoifld be placed in 
the drying oven until it is heated through and softened at the lowest possible temperature, 
whereupon it may be crushed into a thin layer and dried as described. ^ , . 

' Asbestos (amphibole) cut in pieces not exceeding 1 cm. in length shredded and 
shaken up with water. 
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(а) Method Used Where but Little Finely- Divided Insoluble Matter is 
Present — One hundred ml. of chemically pure carbon disulfide shall be added 
to the flask in small portions with continued agitation until all lumps disappear 
and nothing adheres to the bottom. The flask shall be corked and set aside 
for fifteen minutes. 

The Gooch crucible shall be set up again with the suction flask and the 
carbon disulfide solution carefully decanted through the asbestos felt, with 
or without light suction as may be found necessary. No sediment shall be 
allowed to go onto the filter, A small amount of carbon disulfide shall be used 
to wash down the sides of the flask and then the precipitate shall be brought 
onto the felt and the flask scrubbed with a feather if necessary to remove all 
precipitate. The contents of the crucible shall be washed with carbon' disul- 
fide until the washings are colorless. Suction shall be applied to the crucible 
to remove the carbon disulfide. The crucible shall be dried in the oven at 100 
to 125° C. for twenty minutes, cooled in the desiccator and weighed. 

The w^eight of the residue in the crucible shall be recorded (1) 

Ignite the residue in the crucible at a red heat to a clean ash, cool, add a 
few drops of ammonium carbonate solution, re-ignite to a low red heat, cool 
and wreigh the residue (2) 

In case any insoluble matter adheres to the flask, it shall be dried, w’eighed 

and the increase over the original w^eight recorded (3) 

, The filtrate containing the soluble matter shall be evaporated, the bitu- 
minous residue burned, and the weight of ash recorded (4) 

Constituents Soluble in Carbon Disulfide equal the W’eiglit of material (dry) 
taken for analysis, minus the sum of items (1), (3) and (4). Calculate this 
in per cent. 

Non-Mineral Constituents Insoluble in Carbon Disulfide equal item (1), 
minus (2), plus item (3). Calculate this in per cent. 

Mineral Constituents equal the sum of items (2) and (4). Calculate this 
in per cent. 

(б) Method Used Where a Substantial Quantity of Finely- Divided In- 
soluble Matter is Present. — This procedure should be followed w^here the filter 
clogs unduly, or where the mineral matter passing through the filter exceeds 
0.5%. The material should be weighed out in the same way as in the foregoing, 
and treated with 100 ml. of chemically pure carbon disulfide. 

The flask shall be loosely corked and shaken at intervals until all large 
particles of material have been broken down. The flask shall be left undis- 
turbed for forty-eight hours to permit the contents to settle. The solution 
shall be decanted into a similar tared flask, care being taken to disturb as little 
of the residue as possible. The first flask shall be treated again with fresh 
carbon disulfide as before and left undisturbed for forty-eight hours. The 
solution from the second flask shall then be carefully decanted upon the Gooch 
crucible without use of vacuum, and this shall be followed by the solution from 
the first flask. The filter shall be washed with fresh carbon disulfide. The 
residue remaining in each flask shall be shaken again with fresh carbon disulfide 
and allowed to settle for twenty-four hours. The solution from both flasks 
shall then be decanted through the filter and the residues remaining in the 
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flasks shall be washed again with carbon disulfide, the solution decanted and 
the process repeated until the washings are practically colorless. The tem- 
perature shall be maintained between 20 and 25® C. 

The crucible and both flasks shall* be dried at 100 to 125° C. for twenty 
minutes, cooled in a desiccator and weighed. The procedure from this point 
on is exactly the same as in the preceding. The per cent constituents soluble in 
carbon disulfide, non-mineral constituents insoluble in carbon disulfide, and 
mineral constituents shall be calculated. 

The author finds that in the presence of large quantities of finely divided 
insoluble matter, the method may be materially shortened by adding a weighed 
quantity (about twice the weight of bituminous material) of freshly ignited, 
long-fibered amphibole to the bituminous substance in the first flask. On 
shaking with carbon disulfide, the asbestos serves to dilute the insoluble matter, 
preventing the latter from clogging the pores of the filter, and accordingly 
reducing the time of filtration. 

Where the Constituents are to be Examined Further , — Extract 25 to 50 g. 
of the moisture-free bituminous substance with carbon disulfide as previously 
described, increasing the quantities of carbon disulfide proportionately. In 
certain cases an extractor described on p. 1568 may be conveniently employed. 

Residue Insoluble in Carbon Disulfide: This contains the non-mineral con- 
stituents insoluble in carbon disulfide (e.g., insoluble bituminous matter, free 
carbon and vegetable matter derived from associated soil) together with the 
mineral constituents retained by the filter (e.g., clay with 2 molecules of water in 
chemical combination,® silica, silicates, calcium and magnesium carbonates, 
calcium sulfate with half a molecule lof water in chemical combination, iron 
pyrites, etc,). Dry in an oven at 220° F. to constant weight and mix well to 
obtain a uniform sample. If the mineral matter is coarse, pulverize suflieient 
of the well-mixed material in a mortar to 200 mesh or finer for use in carrying 
out the examination described in sections (a) to (e) inclusive. 

(а) To determine the water in chemical combination with the clay and 
calcium sulfate, heat 10 g, to bright redness in a stream of dry hydrogen or 
illuminating gas, in an electric combustion apparatus, catching the water in 
a tared calcium chloride bulb, which is re weighed at the end of the operation. 
The gain in weight represents the water which should be calculated in per- 
centage. 

(б) To determine the sulfur present in sulfides, weigh 25 g. into a small flask 
closed with a stopper carrying a thistle tube filled with hydrochloric acid and 
an outlet tube leading into a beaker of bromine water. Introduce the acid and 
boil until all the hydrogen sulfide is expelled into the bromine water, which 
serves to oxidize it into sulfuric acid. Expel the excess of bromine by boiling 
and precipitate with barium chloride in the usual manner. Calculate the 
percentage of sulfur present. 

(c) To determine the carbon dioxide present in carbonates, weigh 1 g. into a 
Schroetter or Mohr alkali meter and treat with hydrochloric acid in the usual 
manner. The loss in weight represents the sum of the carbon dioxide (liberated 
from the carbonates) and the hydrogen sulfide (liberated from the iron pyrites). 

* The water of hydration in clay is held tenaciously, for none is given up during one 
J^our’a heating at 293° C., although it is expelled on heating to redness. 
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Subtract the weight of hydrogen sulfide (ascertained in h) to arrive at the weight 
of carbon dioxide present, and calculate its percentage. 

(d) To determine the non-mineral constituents insoluble in carbon disulfide, 
weigh 5 g. into a porcelain dish, treat with an excess of concentrated hydrochloric 
acid, evaporate to dryness on a water bath and then dehydrate the silica by 
heating in an air-oven at 220° F. for two hours. Boil up with w’ater, filter on 
a weighed Gooch crucible and wash thoroughly with boiling water until the 
filtrate no longer shows a reaction for calcium salts. Dry at 220° F. until no 
further loss occurs and then weigh the residue, which represents the non- 
mineral constituents insoluble in carbon disulfide, together with clay and its 
water of hydration, silica, silicates, calcium sulfate and its water of hydration, 
etc. Ignite to redness until all the carbonaceous matter is consumed and 
re weigh. The loss in weight represents the sum of the non-mineral constituents 
insoluble in carbon disulfide, also the total water of hydration (originally 
associated with the clay and calcium sulfate). Subtract the per cent water of 
hydration (ascertained in a) to arrive at the per cent non-mineral insoluble in 
carbon disulfide. 

(e) To determine the iron, aluminum, calcium, magnesium, silica, sulfates, 
etc., weigh 2.5 g. into a platinum crucible and ignite until all the carbonaceous 
matter is consumed. Then fuse with potassium-sodiiim-carbonate, dissolve 
the melt in water, acidify with hyilrocliloric acid, evaporate to dryne.ss to 
dehydrate the silica, take up with boiling water, filter on a weighed Gooch 
crucible to separate the silica, which is then washed with boiling water until 
free from salts, ignited and weighed. The filtrate is diluted to exactly 250 ml, 
at 77° F. whereupon 200 ml. are drawn olT, oxidized by boiling with nitric acid, 
and the iron and aluminum precipitated with an excess of ammonia, filtered, 
washed, ignited and weighed together as FejOa and AhOa. Calcium, magne- 
sium and SO 3 are then determined in the filtrate in the usual manner. The 
remaining 50 ml. of the original filtrate are then reduced with metallic zinc and 
sulfuric acid, and the iron titrated with X/lO KMnOj. The AI 2 O 3 is then 
calculated by difference. The percentage of clay present in the original mate- 
rial is calculated from the following formula: 

Al203'2Si02 *21120. 

Gypsum is calculated from the following formula: 

CaSO, * 21120 , 


Potassium and sodium are determined in ft separate portion. 

Carhon Disulfide Extract: This contains the soluble bituminous constituents 
(together with any chemically combined mineral constituents, e’.g., iron present 
in certain asphalts and fatty-acid pitches, lead present in the sludge asphalts, 
copper present in certain fatty-acid pitches, etc.,)’^ also any colloidal mineral 
constituents not retained by the asbestos filter (e.g., clay, silica, calcium and 
magnesium carbonates, etc.). Cool the solution to exactly 77° F., measure 
its volume and then dilute with carbon disulfide at 77° F, to the next higher 
10 ml. mark. Thoroughly agitate the liquid and with a pipette transfer an 

’ It is contended that in natural rock asphalts, a portion of the mineral matter is 
chemically united with the asphalt in the form of salts of sulfonatcd acids. 
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aliquot portion into a tared crucible or dish. Evaporate the solvent over a 
steam bath, then incinerate the residue and ignite at white heat to a clean ash, 
until no further loss in weight occurs. Moisten with ammonium carbonate 
solution, redgnite at a low heat (not beyond incipient redness) and reweigh. 
The ash represents the anhydrous clay, silica, calcium and magnesium car- 
bonates, together with the mineral constituents originally in chemical combina- 
tion with the bituminous matters. Calculate the mineral matter associated 
with the bituminous constituents in total carbon disulfide extract. Note that 
any water of hydration originally combined with the clay is not ascertained 
by the foregoing procedure, but the amount present is usually so small that it 
may be disregarded without vitiating the results. From the weight of the 
residue insoluble in carbon disulfide, calculate the soluble bituminous constit- 
uents by difference. Evaporate an aliquot portion of the well-mixed carbon 
disulfide extract to exactly the calculated weight. 

It has been found that when the solvent is expelled by heating over a water- 
bath for one hour, the fusing-point is increased 2 to 3° C. ; also that the retentiou 
of 1 to 2% of very fine mineral matter does not change the characteristics of the 
recovered bituminous constituents to any appreciable extent. 

The following variations have been proposed for recovering the bituminous 
constituents in their unaltered state: 

(a) Evaporation at Atmospheric Pressure . — From the weight of the ex- 
tracted mineral matter, calculate the bituminous matter by difference, and 
evaporate the carbon disulfide extract to exactly this weight. This may be 
conveniently performed by distilling and condensing most of the carbon disul- 
fide over an incandescent light or an electric stove in a large distillation retort 
connected wdth a condenser and receiving flask. The retort shall have a 
thermometer inserted, with the bottom of the bulb approximately 1 in. from 
the bottom of the retort. The concentrated solution is transferred to a tared 
dish, evaporated dry on a steam bath with constant stirring, which may be 
conveniently acconiplislicd with a motor-driA^en agitator, and the last traces 
of solvent expelled in an oven at 105'" C. until the residue attains the calculated 
weight. 

An alternate procedure consists in distilling the filtered extract (containing 
a calculated amount of soluble constituents equal to approximately 100 g.) to 
a bulk of about 150 ml., then transferring the solution to a spherical flask -of 
300 ml. capacity. The evaporation is completed on a water-bath which is 
heated from 40'‘ C. up to tlic boiling-point, at which it is maintained for 5 
hours, during wl^ich pciif)d the contents are stirred at intervals with a tared 
glass rod. Finally the flask is heated in an electrically heated oil-bath, from 
an initial temperature of 105'' C. to a final temperature of 130° C., which is 
kept constant for a period ranging from 4 to 6 hours, during which the contents 
are kept stirred with the fared glass rod. The oil-bath is kept agitated with a 
motor driven paddle, which likewise causes the flask to revolve. The time of 
heating in the oil-bath may be determined by dissolving asphalt of known 
penetration in carbon disulfide and ascertaining the time required at 130° C, 
to bring its penetration back to its original figure, 

(b) Evaporation under Facunm.— The solvent is first removed by distilla- 
tion as in the foregoing, until tlie temperature of the residue in the flask reaches 
300° F. The distillation flask is then connected to a filter pump and the 
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distillation continued under a vacuum of 180 mm. mercury, raising the tem- 
perature to 500® F. at the rate of 5 to 6® F, per minute. If the original pene- 
tration is greater than 150 at 77° F., the distillation temperature should not 
exceed 425° F. The residue in the flask should then be weighed. This pro- 
cedure will give satisfactory results, provided the bituminous substance does 
not contain any appreciable quantity of constituents volatile at 400° F. 

The following modification is claimed to give very accurate results. Dis- 
solve the substance in C.P. carbon disulfide previously dried by contact with 
CaCb. The extract should contain 5 to 6% of the soluble constituents, and 
not exceed 240 ml. in volume, which may be attained by evaporation or by 
dilution. A shallow, circular brass or nickel plate as illustrated in Fig. 204 is 




Fia. 204. — Shallow Plate for Evaporation. 


supported horizontally (using a spirit level) in a vacuum-dcssicator. About 
60 ml. of the extract are poured into the plate and distributed uniformly over 
its bottom, whereupon vacuum is applied to the dessicator (180 ram. mercury) 
and maintained for 114 hours. This induces the evaporation of most of the 
carbon disulfide. Any bubbles or blisters in the residue are pricked with a 
knife, and the entire layer scratched with the point of the knife in criss-cross 
directions as illustrated, so as to break it up into ridges, thereby exposing the 
interior of the mass. It is then evacuated another 3^ hour, 'fhe plate is then 
warmed for 10 to 20 minutes at 70° C. in an oven to soften the film of bitu- 
minous substance, which is thereupon scraped out with a spatula. Then 
another 60 ml. of the extract are introduced in the vessel and treated in exactly 
the same manner. Tins operation is repeated four times, or until all of the 
original extract (240 ml.) has been evaporated. In this manner, about 15 to 
16 g, of the asphalt is collected and utilized for further tests. 

This same method may be adapted to bituminous emulsions, in which case 
it is modified as follows: About 35 g. of the emulsion are broken by adding a 
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few drops of concentrated HCl. The separated lumps are freed from acid by 
kneading in several portions of water with a glass rod. The asphalt is then 
dissolved in about 240 ml. of carbon disulfide, allowed to stand in a separatory- 
funnel until most of the water rises to the surface, whereupon the solution is 
drawn off into a flask and shaken repeatedly with granular CaCb at 15 minute 
intervals. The carbon disulfide solution is then poured off and treated as 
described above to recover the dissolved asphalt. 

(c) Evaporation in a Stream of CO 2 . — In this case the carbon-disulfide or 
benzol extract containing 50 to 75 g. of the asphalt is distilled in a wdde-mouthed 
250 ml. flask in a form of apparatus shown in Fig. 205. The flask is fitted with 



Fig. 205. — Apparatus for Evaporation in Stream of CO 2 . 


a goose-neck vapor line of approximately 10 mm, internal diameter, connected 
with a condenser. The CO 2 inlet consists of a copper tube of approximately 
5 mm. internal diameter, bent so that its lower end forms a circle slightly less 
than the diameter of the mouth of the flask, which is perforated with ^ in. 
holes along its bottom to direct the gas downwardly. A thermometer is 
inserted through the same cork so that the lower end of its bulb reaches in- 
from the bottom of the flask and in the center of the circle of the copper tubing. 
The flask is immersed up to its neck in an oil-bath, which prevents foaming 
during the distillation. Tlie rate of flow of CO 2 is measured by a differential 
gage or manometer connected by means of tees to a 1 mm. capillary tube, which 
is previously calibrated. The gas is drawn from a cylinder through a pressure- 
regulating valve, and is bled from this through a needle-valve connected to 
the flow-meter. When tlie temperature of tlie asphalt reaches 300° F., the 
CO 2 is admitted slowly, about 150 ml. per minute, for only a few seconds at a 
time. Thi^ is repeated at 3 to 5° F. intervals and serves to agitate the contents 
of the flask and minimizes foaming. When the internal temperature reaches 
325° F., the gas is admitted at the rate of 875 ml. per minute and held for 
exactly 15 minutes, whereupon the asphalt should be removed and poured 
directly into tins or testing molds. A maximum temperature of 300° F. is 
recommended for asphalts softer than 100 penetration at 77° F likewise 350 F, 
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for asphalts having a fusing-point of over 150 "^ F. (R. and B.). It is important 
that the extracted asphalt solution be distilled on the same day that it is dis- 
solved, otherwise considerable alteration may occur if the solution is allowed to 
stand for more than 10 hours, regardless of whether benzol or carbon disulfide 
is used, and will result in a change in the physical characteristics of the extracted 
asphalt. 

A modification of the procedure consists in distilling off the solvent in a 
stream of CO 2 under reduced pressure. 

A rapid method for separating asphalt from asphaltic limestones and dolo- 
mites consists of the following: Weigh out 10 g. of the rock asphalt and add 
75 ml. of a mixture of 30 ml. concentrated HCI (sp.gr. 1.19) and 45 ml. ethyl 
ether. Stir 10 minutes, until the carbonates dissolve; add 75 ml. water and 
warm over a water-bath until the ether is expelled. Then filter and wash with 
warm water. Dry the filter at 105° C. and extract the filter with carbon disul- 
fide to recover the asphalt. The extract may be treated by any of the pro- 
cedures described above. 

The soluble bituminous constituents, after being separated in their pure 
state, as pre\iousIy described, may be then examined further for their physical 
and chemical characteristics. Due allowance should be made for the fact that 
any bituminous matter insoluble in carbon disulfide will be retained mechani- 
cally by the extracted mineral constituents, which with asphaltic products ia 
usually relatively unimportant, but in the case of coal-tar products, will amount 
to a considerable item. 

Carbenes 

The expression ''carbenes” ha.s been applied to that portion of bituminous 
substances soluble in carbon disulfide but insoluble in carbon tetrachloride. 
This test is of value in identifying bituminous substances, gauging their uni- 
formity of supply, for purposes of factory control, and as a criterion of their 
quality. Certain hard native asphalts and asphaltitcs, particularly grahamite, 
normally contain a percentage of carbenes, whereas ])ctroIcum asphalts do not 
show carbenes unless they are overheated or over-blown. If more than 0.5% 
is pre.sent in petroleum a.spbalts, their quality is to be regarded as questionable. 
Carbenes are found in tars and pitches in varying amounts. 

Although carbenes are found in grahamite and certain hard natural asphalts 
w'hen tested as such, they disappear upon fluxing to a softer con.si.stency. With 
petroleum a.sphalts, tars and pitches, the carbenes are of a different character, 
since they are insoluble in fluxes and do not disappear upon being so treated. 

This test is carried out by following the same procedure a.s in determining 
the solubility in carbon disulfide, but replacing the latter with carbon tetra- 
chloride. The carbon tetrachloride must be free from carbon disulfide, which 
may be in.sured by distilling it under a dephlcgmator, discarding any distillate 
below 76® C. The solvent is then filtered through calcium chloride, and any 
free hydrochloric acid removed by blowing dry air through it. 

The procedure has been .standardized as follow's: 

An amount of material which shall contain approximately one gram of 
bitumen shall be weighed into a tared Erlenmeyer flask. One hundred mil lb 
liters of chemically pure carbon tetrachloride shall be ad<ied to the flask in 
small portions with continued agitation until all lumps disapi)ear and nothing 
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adheres to the bottom. The flask shall be corked and set aside in subdued 
light for at least twelve hours. 

The Gooch crucible shall be set up again with the suction flask and the 
carbon tetrachloride solution carefully decanted through the asbestos felt, with 
or without light suction as may be found necessary. No sediment shall be 
allowed to go onto the filter. A small amount of carbon tetrachloride shall be 
used to wash down the sides of the flask and then the precipitate shall be brought 
onto the felt and the flask scrubbed with a feather if necessary to remove all 
precipitate. The contents of the crucible shall be washed with carbon tetra- 
chloride until the washings are colorless. Suction shall be applied to the cruci- 
ble to remove the carbon tetrachloride. The crucible sliall be dried in the oven 
at 100° to 125° C. for twenty minutes, cooled in the desiccator, and weighed. 

In case insoluble matter adheres to the flask, it shall be dried and weighed, 
and the increase in weight over the original weight shall be added to the weight 
of insoluble matter in the crucible. 

The proportion of bitumen soluble in carbon tetrachloride shall be reported 
on the basis of total bitumen taken as 100: 

Proportion of l^itumen Soluble ini _ Bitumen Soluble in Carbon Tetrachloride 
Carbon Tetrachloride. J Total Bitumen 

The difference between the percentages soluble in carbon disulfide and 
carbon tetrachloride respectively, represents the per cent of “carbenes.” 

Soluble in Petroleum Naphtha 

This test is employed mainly for purposes of identification. It is also used 
to a certain extent for determining the adaptability of bituminous substance 
for a given use, for gauging the uniformity of supply, and for purposes of factory 
control. As a general principle, the liarder the bituminous product, the smaller 
will be the percentage that dissolves in petroleum naphtha. Asphaltites are 
relatively insoluble in this menstruum. Mineral waxes, peat-, lignite- and 
shale- tars or pitches are largely soluble. The solubility of native and petroleum 
asphalts varies, depending largely upon their hardness, and also in the ease of 
petroleum asphalts ui)on the extent to which the distillation has been driven. 
Coal-tar pitches are relatively insoluble in 88° naphtha. 

The portion vSoluble in petroleum naphtha lias been termed “petrolenes’* 
by some, and “malthenes” by others, whereas the non-mineral constituents 
insoluble in naphtha arc generally referred to as “asphaltenes.” 

It is important that the j>ctroIeum naphtha should be derived from petro- 
leum composed entirely of open-chain hydrocarbons, and test exactly 88° 
Baum<5, equivalent to a specific gravity of 0.638 at 60 F./60 F. At least 85% 
by volume should distill between 95 and 150° F. The density and character 
of the naphtha is important, since heavy distillates, or products derived from 
petroleum containing unsaturated or cyclic hydrocarbons, will exert a greater 
solvent action upon the bituminous substance. 

The results will be more consistent if the petroleum spirits is first washed 
with fuming sulfuric acid to remove the aromatic constituents. There appears 
to be no difference in the results if the precipitation is carried out at any tem- 
perature between 0 and 32° 0. As the boiling-point of the petroleum spirits 
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employed in making the teat increasea, the quantity of precipitate decreaaes. 
The fraction below 105° F. appears to give the most reliable results. 

Asphaltenes show increasing solubility in solvents in the order of their 
surface tension (e.g. ether, benzol, carbon disulfide and pyridine). Ether has 
been recommended as a substitute for petroleum naphtha, because it is a homo- 
geneous substance, not requiring standardization, and in addition has good 
flocculating properties and exerts a greater solvent action on hydroxy acids 
present in certain asphalts. 

This method is performed in the same manner as for determining the portion 
soluble in carbon disulfide, petroleum naphtha being substituted for the latter. 
Hard bituminous substances should be powdered; liquid bituminous substances 
flowed in a thin laj^er over tlie bottom of the flask; and semi-solid to semi-liquid 
substances heated until fluid and distributed in a thin layer to present a greater 
surface to the solvent. It is advisable not to use a stirring rod, as this causes 
the bituminous substance to adhere to the inner surface of the flask and to the 
rod itself. The operation should take place at room temperature, and away 
from the direct rays of the sun. The introduction of a weighed portion of 
long-fibered asbestos to the solution will assist in its filtration. 

The percentage of asphaltenes varies considerably; thus, with asphalts all 
ha\dng the same R. and B. fusing-point of 140° F., the following are obtained: 
extracted asphalt from Trinidad asphalt 37%, Mexican residual asphalt 20%, 
California residual asphalt 12%, Colombian residual asphalt 16%, Illinois 
residual asphalt 12%, Texas residual asphalt 9 to 17%. 

“ Free Carbon 

This test is generally used for testing tars and pitches for the presence of non- 
mineral matter insoluble in hot benzol, although .sometimes carbon disulfide is 
used for the purpose. The test is of value for purposes of identification, for 
ascertaining the adaptability of the tar or pitch for a given purpose, and for 
gauging its uniformity of supply. Tars and pitches containing large percent- 
ages of insoluble matter, known as “free carbon," are objectionable for certain 
manufacturing purposes, since the free carl)on acts as so much inert matter. 
The term “free carbon" Is a misnomer, since it is not elemental carbon, but a 
complex mixture of hydrocarbons of high molecular weight, containing 90.0 
to 91.7% carbon, .3,4 to 4.0% hydrogen, 1.0 to 1.2% nitrogen, 2.5 to 3.3% oxy- 
gen and 0.7 to 1.4% sulfur, on the a.sh-free basis. The presence of hydrogen 
has been explained by the great absorptive power of carbon in its pure state, 
which retains hydrocarbons tenaciously, as well as hydrogen, which is not driven 
off at temperatures as liigh as 800° C. Free carbon is more soluble in aniline 
or pyridine than in benzol or carbon disulfide. Selenium oxychloride exerts 
the greatest solvent action upon it, but unfortunately the residue cannot be 
freed from this solvent. It Is also partially decomposed by digesting with hot 
fuming nitric acid. 

Marcusson has found that the benzol-insoluble constituents of vertical- and 
horizontal-retort coal-tars, amounting to 7% and 24% respectively, consisted 
of oxy-acids 8.6% and 0..5%; pyridine soluble resins 73% and 16.3%; pyridine 
in.soluble resins 18.4% and 32%; and partly coked material 0% and 51.2% 
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respectively. The following method of extraction should be used. ‘ Tars must 
be dehydrated before extracting, and pitches, if sufficiently hard. 

(i4) Porous Thimble Methods — The extractor shall be of a form shown in 
Fig. 206, or of a similar form in which the substance is subjected to direct 




Fig. 206. — Extraction Apparatus. Fig. 207. — Extraction Apparatus. 

washing by the vapors of the boiling solvent. The filtering medium shall be a 
flat-bottom, 30 by 80 mm. RA-98 alundum thimble. The thimble shall be 
suspended in the extraction flask either by a wire basket hung from two small 
hooks on the under surface of the metal cover of the flask, or it shall be sup- 
ported by making perforations near the upper edge of the thimble and suspend- 
ing from the cover by German silver or platinum wire. 

An amount of material which shall contain 10.0 g. ±0.1 g. of the substance 
shall be weighed into a 100-ml. beaker; 50 ml. of pure benzol shall be added and 
the solution stirred thoroughly. The solution shall be transferred at once to 
the weighed alundum thimble. The beaker shall be rinsed clean with pure 
benzol and the washings added to the thimble. The thimble shall then be 
covered with a lid of alundum ware and placed immediately in the extraction 
apparatus. The extractor shall contain a suitable quantity of pure benzol and 
shall be heated sufficiently to boil the solvent. The extraction shall be con- 
tinued until the solvent descending from the thimble is colorless. The thimble 
shall then be dried at 105° C.±5° C., cooled in a desiccator, and weighed. ‘ 

(5) Asbestos Mat Method.— T\\e filtering medium shall consist of a No. 3 
Gooch, Coors porcelain or equivalent crucible approximately 3.5 cm. in diam- 
eter at the top, tapering to 2.2 cm. at the bottom with a depth of 4.0 cm., con- 
taining a mat of acid-washed medium fiber asbestos approximately 2 mm. in 
thickness. 

The Gooch crucible shall be placed in the suction apparatus and filled with 
acid-washed medium fiber asbestos suspended in water. Gentle suction shall 
he applied and more of the suspension, if necessary, shall be added to make a 
mat approximately 2 mm. in thickness. With the suction still on, the pad 
shall be washed with water until all small particles of asbestos are removed. 
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The crucible shall be dried at 105° C. ±5° C., placed in a desiccator, and 
weighed. 

An amount of material which shall contain 10.0 g.±0.1 g, of the substance 
shall be weighed into a 125-ml. Erlenmeyer flask; 50 ml. of pure benzol shall 
be added and the solution stirred thoroughly and brought to a boil. The hot 
solution shall be carefully poured into the weighed prepared Gooch crucible 
without suction until the mat is covered. Then gentle suction shall be applied 
to the crucible and the remaining solution added, taking care that the mat is 
covered with solution at all times. The Erlenmeyer flask shall be rinsed 
clean with pure benzol and the washings added to the crucible. Benzol shall 
be added to the crucible until the descending solvent is colorless. The crucible 
shall then be dried at 105° C.=fc5° C., cooled in a desiccator, and weighed, 

(C) Paper Thimble or Filter-paper Method . — A paper thimble or else two 
thicknesses of S. & S. No. 575 or Whatman No. 5 hardened filter-paprer (15 cm, 
in diameter, arranged in cup shape by folding) may be used in connection with 
an extractor of the form shown in Fig, 207. In this case the procedure is 
similar to that outlined in the Porous Thimble Method (A), 

The insoluble residue of “free carbon" includes the mineral ash, which may 
be ascertained by incineration. Some tars (e.g. blast-furnace tars) contain 
substantial amounts of ash, which would otherwise introduce serious errors. 
It has been found that the amount of free carbon will increase with the time 
the solvent remains in contact with the tar or pitch. The amount of such 
increase varies with the particular solvent employed. In the ca.se of carbon 
disulfide or chloroform, the increase is less than with l:)enzol or toluol (or mix- 
tures of these tw'o) and the amount apparently reaches a maximum in about 
120 hours. 

A method has been proposed in which 5 g. of the pitch is heated with 200 ml. 
tetralin in an autoclave at 240-250° C. under a pressure of 12-13 atmospheres 
for 2 hours. Uix)n cooling, the liquid is filtered through a Gooch crucible and 
washed succes.sively with 50 ml. tetralin and 100 ml. benzol. The residue is 
dried for 2 hours at 150° C. in an atmosphere of CO 2 and weighed. Anthracene 
oil (freed from crystallizable sub.stances at 15° C.) has also been propo.sed, in 
which case, 5 g. of the substance are digested with 5 g, anthracene oil under a 
reflux condenser for 4 to 5 hours, cooled, diluted with 500 ml. benzol, filtered, 
washed with benzol, etc., as in the preceding. Aniline has also been suggeste^I 
as extracting medium, involving the digestion of 5 g. of substance with 25 rnl. 
aniline over a .steam bath for Y 2 hour, pouring the liquid on a porou.s clay plate 
to^ absorb the solvent, w'ashing the residue with pyridine, followed by benzol, 
drying and weighing. 
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CHEMICAL TESTS 
Water 

, The estimation of water is made in some cases for purposes of identification, 
and in others as a criterion of the quality. Native asphalts and tars are exam- 
ined in this way to ascertain whether they exist in the crude or the detiyd rated 
state. This test is also used for dehydrating bituminous substances to render 
them suitable for further examination, where the presence of water would in- 
terfere. 

Substances Distilling at Low Temperatures . — This method is adapted to 
crude petroleum, tars, creosote oil and other fluid bituminous substances 
distilling at comparatively low temperatures. The apparatus is set up as 
showm in Fig. 208. The copper still is provided with a removable flanged top 
and yoke of the form and approximate dimensions shown in Fig. 209. 




Coiirtfisy A.S.T.M. 

Fig. 209. — Copper Still. 


Tlic condenser consists of a copper trough carrying a straight-walled glass 
tube. The separatory funnel has a total capacity of 120 ml. with the outlet 
graduated in fifths of a milliliter. 

Pour 200-500 ml. of bituminous material into the still and weigh. Clamp 
the top in place, using a paper gasket moistened with lubricating oil. Apply 
heat with the ring burner supported just above the level of the bituminous 
material at the beginning of the test, and then gradually low*er it as the w^ater 
distils over. Continue the distillation until the vapor temperature reaches 
205® C, Collect the distillate in the separatory funnel, and let it stand until a 
clean separation of water takes place. Head off the volume of water, calculate 
its weight, and figure the per cent present in the crude bituminous material. 
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Draw off the water, and return any light oil to the bituminous matter in the still. 
The dehydrated material should then be used for further tests. 

To prevent frothing and spattering, it has been recommended that the still 
be surrounded with a cylindrical vessel, closed at the bottom and open at the 
top, of a somewhat greater diameter than the still. The vessel is so adjusted 
that its upper rim is a little lower than the level of the bituminous substance ih 
the retort, whereupon it is filled with water until it overflows. Heat is then 
applied to the shallow layer of tar above the water level, with the ring burner. 
The water jacket absorbs heat which would otherwise be transmitted to the 
lower level of the tar and cause bumping. The level of water falls gradually by 
evaporation, permitting the zone undergoing dehydration to fall slowly. When 
the water level has fallen below the bottom of the still, the contents are practi- 
cally dehydrated. • 

A modification of the foregoing method has been suggested which consists in 
providing the cover of the copper retort with two openings, one connected with 
a receptacle holding 100 ml. of tar and provided with a sto|>-cock to control the 
flow of tar into the retort. A weighed quantity of tar is introduced into the 
receptacle and enough run into the retort to cover the bottom, and the re- 
mainder is allowed to drip slowly into the retort. This prevents the tar 
frothing over. 

Substances Distilling at High Temperatures , — This method is adapted to 
asphalts and other bituminous substances comparatively free from volatile 
constituents, and incapable of distilling wdthout suffering decomposition. 

Substances FuMng below 300^ F . — When it is desired to determine the per- 
centage of moisture without using the residue for other purposes, a convenient 
method consists in distilling it with a solvent. The following procedure has 
been standardized: 

The apparatus shall consist of a metal still or glass flask, heated by suitable 
means and provided with a reflux condenser discharging into a trap connected 
to the still or flask. The trap serves to collect and measure the condensed 
w^ater and to return the solvent to the still. The type of distilling apparatus 
used is not an essential feature of this method, but glass lias been generally used 
for petroleum products and the metal still for road materials and tars, 

(а) The metal still (Fig. 210 (a)) shall be a vertical cylindrical vessel, pre- 
ferably of copper, ha\ing a faced flange at the top to which the head is tightly 
attached by means of a clamp. The head shall be of metal, preferably of brass 
or copper, and be provided with a tubulation 1 in. in in.side diameter. 

(б) The gla.ss fla.sk (Fig. 210 (6)) shall be of the short-neck, round-bottom 
type, made of well-annealed glass, having an approximate- capacity of 500 m). 

The burner used w'ith the metal still shall be a ring gas burner 4 in. (100 mm.) 
in inside diameter. With the gla.ss flask, an ordinary gas burner or electric 
heater may be used as the source of heat. The condenser shall be of the water- 
cooled, reflux, glass-tube type, having a condenser jacket not less than 400 mm. 
(15^ in.) in length with an inner tube 9.5 to 12.7 mm. (5^ to J /2 in.) in outside 
diameter. The end of the condenser to be inserted in the trap shall be ground 
off at an angle of 30® from the vertical axis of the condenser. 

The trap shall be made of well-annealed glass constructed in accordance 
with Fig. 210 (c) and shall be graduated as shown, from 0 to 10 ml. in 0.1 ml. 
divisions. The error of any indicated capacity shall not be greater than 0.05 ml. 
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The outside diameters should be preferably 2.5 to 3.5 mm. to in.) greater 
than the inside diameters specihed. 



Courtesy A.S.T.M. 

Fjq. 2 10.-~ Apparatus for Water Test. 


(0) The solvent used when testing petroleum products or bituminous mate- 
rials derived from petroleum shall be gasoline, free from water, and shall con- 
form to the following distillation requirements: 

5% shall distill at a temperature not below 194° F. (90° C.) nor above 212° F, (100° C.) 
90% shall distill below 410° F. (210° C.) 

(6) The solvent used when testing bituminous materials derived from coal 
tar, water-gas tar, etc., shall be a co.al-tar naphtha or a light oil and shall con- 
form to the following distillation requirements: 

98% shall distill between 248° F. (120° C.) and 482° F. (250° C.) 

The sample .shall be thoroughly representative of the material to be tested 
and the portion of the sample used for the test shall be thoroughly representative 
of the sample itself. Deviation from this requirement shall not be permitted. 

Note. — The difficulties in obtaining proper representative samples for this determina- 
tion are unusually great so that the importance of sampling cannot be too strongly 
emphasized. 

Procedure :When the sample to be tested contains less than 10% of water, 
exactly 100 ml. of the material to be tested shall be placed into the still or flask 
find thoroughly mixed with an equal volume of solvent by swirling, proper care 
^cing taken, to avoid any loss of material. If the material is measured by vol- 
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ume, an accurate 100 ml. graduated cylinder shall be used and the contents 
transferred to the still by rinsing with one 50-ml. portion of solvent, followed 
by two successive 25-ml. portions of solvent, the cylinder being allowed to drain 
each time. When the sample to be tested contains more than 10% of water, 
the volume of material used shall be decreased to that which will yield some- 
what less than 10 mi. of water. 

XoTE. — In special cases where the water content exceeds 10% and it is not de.sirable 
to reduce the size of the sample to that which will yield somewhat less than 10 ml. of 
water, a distilling tube receiver graduated from 0 to 25 ml. may be used. This tube 
shall be graduated from 0 to 2 ml. in 0.1 ml., from 2 to 5 ml. in 0.2 ml. and from 5 to 
25 ml. in 0.5 ml. 

The connections between the still or flask, trap and condenser shall be made 
by means of tight-fitting corks as shown. The end of the condenser inserted in 
the trap shall be adjusted to that position which will allow the end to be sub- 
merged to a depth of not more than 1 mm. below the surface of the liquid in 
the trap after distillation conditions have been established. When the metal 
still is used, a heavy paper gasket moistened with the solvent shall inserted 
between the lid and flange before attaching the clamp. A loose cotton plug 
shall be inserted in the top of the condenser tube to prevent condensation of 
atmospheric moisture in the condenser tube. 

Heat shall then be applied and so regulated that the condensed distillate 
falls from the end of the condenser at the rate of from two to five drops per 
second. The ring burner used with the metal still should be placed about 3 in. 
above the bottom of the still at the beginning of the distillation and gradually 
lowered as the distillation proceeds. 

The distillation shall be continued at the specified rate until no water is 
visible on any part of the apparatus except at the bottom of the trap. This 
operation usually requires less than an hour. A persistent ring of condensed 
water in the condenser tube shall be removed by increasing the rate of distilla- 
tion for a few minutes. 

The volume of condensed water measured in the trap at room temperature 
multiplied by 100 and divided by the volume of the sample used shall be the 

percentage of water and shall be reported as per cent water by volume, 

A.S.T.M. method.” 

The accuracy to be expected with this method is that duplicate determina- 
tion.s of water should not differ from each other by more than one division on 
the trap. 

Substances Not Fusing at 300° F . — In this case the material is comminuted 
by powdering (to about 60 mesh) or shaving, and a weighed quantity spread in 
a thin layer on glass and maintained in an oven at 105® C. for one hour, or until 
the weight becomes con.stant. If the substance is oxidizable in air, it should be 
heated in an atmosphere of nitrogen or illuminating gas. Cool in a desiccator, 
re weigh and calculate the per cent moisture. 

Oxygen (in Non-mineral Matter) 

There being no satisfactory direct method for determining oxygen, it is 
computed by subtracting the sum of the percentages of hydrogen, carbon, 
nitrogen, sulfur, water and ash from 100%. The result so obtained is affected 
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by all the errors incurred in the other determinations, and especially by the 
change in weight of the ash-forming constituents on ignition. Iron pyrites 
will absorb oxygen from the air and change to ferric oxide, increasing the weight 
of ash, and thereby causing a negative error in the oxygen, equivalent to three- 
eighths of the pyritic sulfur. Any calcium carbonate present will tend to 
absorb sulfur combined with the bituminous constituents. On the other hand, 
there is always a loss on ignition of ‘‘water of composition” from the clayey 
and shaley constituents, also carbon dioxide from carbonates, etc., which tend 
to compensate for the absorption of oxygen. 

A more correct value is obtained by making the corrections indicated in the 
following formula: 

Corrected Oxygen = 100 - [(C-C')+(H- HO -hN-f'H20+ 8'+ Corrected Ash] 

Where C equals the total carbon; C' the carbon of carbonates; H the total 
hydrogen less hydrogen of water; H' hydrogen from water of composition in 
clay, shale, etc.; N the nitrogen; H^O the moisture as found at 105° C.; S' the 
sulfur not present as pyrite or sulfate; “Corrected Ash,” the mineral constituents 
originally present, which for most purposes may be calculated with sufficient 
accuracy by adding to the ash as found, five-eighths of the weight of pyritic 
sulfur, the CO 2 of carbonates, and the water of composition of clay, shale, etc. 

Solid Par affin s 

Until recently, it was considered that the presence of paraffin was an indi- 
cation of the quality of asphaltic products, and many specifications stipulated 
the maximum percentage permissible. It is now generally conceded, however, 
that there is no rational relation between the solid paraffins in asphaltic 
products and their quality. The determination of paraffin is therefore of 
value only for purposes of identification. Traces of solid paraffins are found in 
asphaltites, natural asphalts, and in asphalts produced from strictly asphalt- 
base petroleums. On the other hand, more or less paraffin is present in as- 
phalts derived from non-asphaltic and semi-asphaltic petroleums. It is absent 
in tars and pitches derived from high -temperature distillation processes. 

The following method docs not give absolute figures, since it merely dis- 
closes the paraffin hydrocarbons which are solid at room temperature, without 
taking the liquid paraffins into consideration; nevertheless the results are of 
value for purposes of comparison. Weigh 50 g. of the material in a tared 6-oz. 
glass retort, and slowly distil until nothing but a residue of coke remains. Tlie 
distillation should take in the neighborhood of forty-five minutes from the time 
the first drop comes over. The distillation is conducted by heating at the rate 
of 40 to 50° F. per minute to 450° F., followed by a rise of 15° F. per minute to 
500° F. The distillate is caught in an Erlenmeyer flask, and weighed. Either 
5 or 10 g. of the well-mixed distillate, depending upon the quantity of solid 
paraffins present in the crude material, are transferred into a large test tube 
and dissolved in 25 ml. of absolute ethyl ether and 25 mi. of absolute ethyl 
alcohol. A similar mixture containing 25 mb each of ether and alcohol is 
made up, and this together with the oil solution is cooled separately to exactly 
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0® F. for one-half hour in a mixture of ice and salt (to which if necessary calcium 
chloride may be added). The oil solution is then rapidly filtered through a 
weighed Gooch crucible similarly maintained at 0° F. by a jacket of ice and salt, 
and washed with 50 ml. of the cooled ether-alcohol mixture. A simple and 
convenient apparatus consists of an inverted bottle 6 in. in diameter, having the 
bottom cut off, and attached to the same rubber stopper which supports the 
funnel holding the Gooch crucible. The space between the bottle, the crucible, 
and the supporting funnel is packed with the ice and salt mixture. The Gooch 
crucible is then removed, the outside wiped clean, placed on a tared glass and 
dried in an oven at 80® C. until the last traces of ether and alcohol are evapo- 
rated. The residue is w^eighed, and the percentage of solid paraffins calculated 
in the original 50 g. of substance taken for analysis. 

Various substitutes have been suggested for the ether-alcohol mixture, in- 
cluding methyl-ethyl-ketone (butanone) containing 1.3% water, having a 
specific gravity of 0.812 at 20° C.; also nitrobenzene used at 32° C. 

It is a mooted question whether the solid paraffins ascertained by the 
foregoing method are originally present as such in natural asphalts and asphalt- 
ites, or are generated during the distillation process through the destructive 
decomposition of other non-paraffinic components. 

An alternate method used with success by the author consists in dissolving 
10 g. of the substance in the smallest amount of benzol, applying heat if neces- 
sary, adding 200 ml. of warm 88° naphtha, filtering through dried fuller's earth 
and washing with additional warm 88° naphtha until the filtrate is clear. This 
removes the dark-colored asphaltic substances, which remain adsorbed by the 
fuller's earth. The filtrate containing the paraffin is distilled to a small bulk, 
evaporated to dryness on the water bath under reduced pressure, the residue 
dissolved in 25 ml. of ether and 25 ml. of alcohol, and treated as described 
above. 

Instead of removing the dark-colored asphaltic constituents by means of 
fuller's earth, an alternate procedure consists in extracting them by shaking the 
88° naphtha solution three successive times with 20 ml. concentrated sulfuric 
acid in a separatory funnel, followed wdth N KOH (in 50% alcohol- water 
solution) and finally with water until neutral to phenolphthalein. 

Another method for separating paraffin wax from petroleum residues con- 
sists in mixing the residue with an excess of fuller's earth, cooling and extracting 
either with: (I) cold benzol (which removes both the oily matters and the as- 
phalt), or (2) cold gasoline (which removes the oily matters only) and then with 
cold benzol (which removes the asphalt). The residue of fuller’s earth is then 
treated with hot water which separates the adsorbed paraffin wax. This 
procedure is precisely the reverse of the preceding, which may however be 
explained by the fact that in this case the process is carried on in ike cold. 

According to Holde, the refractive index of the solid paraffins will indicate 
whether the original substance was ozokerite or paraffin, or a mixture of the 
two. When tested at 90° C. on the Zeiss or Abbe refractometer, ozokerite will 
show a refractive index below 15,0, wherea.s the solid paraffins derived from 
petroleum, shale, lignite, etc., will test between 15.0 and 30.0. When tested 
in the solid state, commercial paraffin waxes show a refractive index ranging 
from 1.500 to l.MO at temperatures between 30° and 130° F. Furthermore, 
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paraffin wax has a lower molecular weight than ceresine or ozokerite — for 
melting points between SO'" and 60® C., the former tests between 330 to 400, 
and the latter above 450. 


Sulphonation Residue 

(4) Sulfonation Residue Insoluble in Concentrated Sulfuric Acid . — This 
method of test has been proposed for separating saturated and unsaturated 
hydrocarbons, as a means of destinguishing various asphaltic products (e.g. 
native asphalts and petroleum asphalts) from tars and pitches, thereby serving 
for purposes of identification. Two alternate procedures are available, viz.: 

(a) Portion Soluble in 88° Petroleum Naphtha. — The portion soluble in 88® 
petroleum naphtha is brought to exactly 100 ml., either by adding more 88° 
naphtha or else by evaporation, so that the quantity of substance carried in 
solution will be approximately 5 g. This is then shaken in a 500-ml. separatory 
funnel at 77° F. for exactly three minutes, with 30 ml. of a mixture of concen- 
trated sulfuric acid and fuming sulfuric acid, having a specific gravity of 1.84 
at 77° F, The funnel is allowed to stand quietly overnight, whereupon the 
acid is drawn off and the oils unacted upon treated with another 30 ml. of the 
acid. This time a few hours^ standing should effect a sharp separation. If 
the second acid layer is strongly colored, the treatment should be repeated a 
third time. The naphtha solution is washed successively with water, a 5% 
solution of sodium carbonate and finally with water. The solution is evapo- 
rated to dryness over a steam bath and the residue weighed. This is equal 
to the saturated hydrocarbons present in the portion soluble in 88° petroleum 
naphtha. As a guide in evaporating the last traces of naphtha from the satu- 
rated hydrocarbons, a blank test should be run on 100 ml. of the 88° naphtha, 
whereupon the portion unacted upon is mixed with 0.75 g. of a non-asphaltic 
petroleum residuum and evaporated on the steam bath alongside of the sample 
under test, until the former is reduced to exactly its original weight. 

The results are expressed as the percentage of saturated hydrocarbons 
present in the portion soluble in carbon disulfide. This is calculated in the 
following manner: If a represents the percentage soluble in carbon disulfide, h 
the percentage soluble in 88° naphtha and c the percentage of saturated hydro- 
carbons in 5; then the saturated hydrocarbons present in the portion soluble in 
carbon disulfide will equal (bc/a)Xl00. 

(b) Distillate at 315°-S5n° C'.—This test expresses the percentage of satu- 
rated hydrocarbons in the distillate between 315° and 355° C. obtained upon 
subjecting the bituminous substance to the flask method of distillation. It is 
used to differentiate tars and pitches among themselves as well as from mineral 
waxes, asphalts (native and pyrogenous) and asphaltites. The figures for coal- 
tar pitches have already been given. The author cites the following additional 
figures: wood-tar pitch 0%, saponifiable fatty-acid pitches 0%, unsaponifiable 
fatty-acid pitches 0%, residual asphalt from Mexican asphaltic petroleum 86%, 
wurtzilite asphalt 87% and gilsonite 85%. 

The method of determining the sulfonation residue consists in distilling 
sufficient of the material under examination by the flask method to obtain at 
least 10 ml. of distillate between 315° and 355° C, Exactly 10 ml. of this 
fraction are measured into a Babcock milk bottle, and 40 ml. of 37 normal 
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sulfuric acid added, 10 ml. at a time. The bottle and its contents are shaken 
for two minutes after each addition, and when all the acid has been added, the 
bottle is kept at a constant temperature of 98^-100° C. for one hour, during 
which it is shaken vigorously every ten minutes. At the end of the hour, the 
bottle is removed, cooled, filled to the top of the graduations with ordinary 
sulfuric acid, and whirled for five minutes in a Babcock separator. The unsul- 
foliated residue multiplied by 2 gives the per cent by volume directly (each 
graduation being equal to 1/200 mb). 

It is important that the acid should be of the proper strength. A mixture 
of fuming sulfuric acid and ordinary concentrated sulfuric acid should be pre- 
pared to contain exactly 80.07% of SO3, which constitutes 37 normal acid. If 
the sulfonation residue is dark in color, it should be treated with an excess of a 
10% sodium hydroxide solution, and if completely soluble in this reagent, the 
test is regarded as negative. 

(B) Sulfonation Residue Insoluble in Water . — Treat 3 g. of the carbon disul- 
fide or benzol soluble portion of the substance, after evaporation of the solvent, 
with 6 ml. of concentrated sulfuric acid (95%) in a stout test-tube and agitate 
continuously for three-quarters of an hour while heating in boiling water. The 
contents of the test-tube are then poured into 500 ml. of cold water. Brown- 
coal tar and brown-coal-tar pitch are practically insoluble in cold water and 
partly soluble in hot water. Coal-tar pitch, wood-tar pitch, oil-gas-tar pitch 
and naphthol pitch are completely soluble in cold water, forming a deep black 
solution, which upon filtering leave little to no residue. Lignite-tar pitch, peat- 
tar pitch, bone-tar pitch, rosin pitch, fatty-acid pitch, wool-fat pitch and 
montan pitch are partly soluble in cold water. Asphalts (both natural, as 
well as those derived from petroleum) and asphaltites are insoluble in cold 
water, forming a copious insoluble precipitate. Let the solution stand for two 
hours and without agitating the precipitate, decant carefully through a weighed 
Gooch crucible of about 7 cm. diameter. Wash the residue with hot water, 
and finally transfer the precipitate to the filter. Continue washing with water 
until the filtrate no longer gives an acid reaction with methyl orange, then dry 
at 105° C. and weigh. Marcusson used this method for determining the per- 
centage of coal-tar pitch in admixture with refined Trinidad asphalt. He 
found that upon treating the CS 2 soluble portion of this asphalt with sulfuric 
acid as outlined above, a small amount of soluble sulfo-derivativcs were formed, 
BO that an average correction of 4% must be made to obtain accurate figures. 

The foregoing test has been modified for the ostensible purpose of yielding 
more accurate results, as follows: 2 g. of the substance are weighed in a test-tube 
3.5 cm. in diameter, which is immersed 12 cm. in a 30% solution of salt, main- 
tained at 107-108° C., whereupon 20 g. of concentrated sulfuric acid (95%) are 
added. A mechanical glass stirrer is introduced and caused to revolve at the 
rate of 300 turns per minute and the digestion continued for 2J4 fiours. The 
mechanical stirring is claimed to break up the lumps and result in a better 
filtration. Carefully introduce water in the test-tube, to a point 12 cm. from 
the bottom, and continue the stirring for another 15 minutes, then transfer the 
contents of the tube into 1 liter of boiling water. I-;et stand over night aiyl 
carefully filter through two layers of tared filter paper into a 9 cm, porcelain 
filter, using suction. Wash the residue with boiling water until the filtrate iw 
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clear and no longer reacts acid with methyl orange. The filter containing 
the residue is placed on a Petri dish and dried for 2 hours at 105® C., cooled in 
a dessicator and weighed. This represents the asphaltic constituents present, 
which, however, are contaminated with a certain proportion of insoluble sulpho- 
derivatives of the asphalt. An examination of a range of petroleum asphalts, 
as well as Trinidad asphalt, indicated that the weight of insoluble asphaltic 
constituents with their associated insoluble sulfo-derivatives, as ascertained 
by this method, must be corrected by deducting 20%, to obtain the net weight 
of asphaltic constituents actually present. Similarly, an examination of a 
number of coal-tar pitches showed that in no case was more than 0.1% of 
insoluble sulfo-derivatives present. No correction need therefore be made for 
pitches. Any free carbon present in the pitch (ascertained by the insoluble 
matter separated upon originally dissolving the substance in carbon disulfide) 
should be taken into account by using the following formula; 

% Asphalt = 80%(I00-C)-| 

E 

where: U=percent free carbon present in the mixture; »Si=grams residue ob- 
tained after sulfonation; £^ = grarns mixture (after having been freed from 
insoluble constituents and carbonaceous matter) taken for the sulfonation 
process. 


Saponifiable Constituents 

Certain bituminous substances, such as montan wax, rosin pitch, and fatty- 
acid pitch, are often composed largely of saponifiable constituents. Others, 
including pine tar, pine-tar pitch, hardwood tar, hardwood-tar pitch, peat tar, 
lignite tar, bone tar, bone-tar pitch and other forms of fatty-acid pitches, con- 
tain smaller percentages. This test is also used for gauging the uniformity of 
supply, and in the Case of fatty-acid pitches, as a criterion of the quality. 

The following procedure has been devised by the author for specificaUy examining 
bituminous materials or admixtures of bituminous materials with animal or vegetable 
oils and fats, since the customary methods do not adapt themselves especially well, 
due to the formation of troublesome emulsions. The bituminous material is first freed 
from insoluble constituents including any mineral matter, by boiling mth carbon 
disulfide under a reflux condenser, cooling and filtering through a Gooch crucible. 
The insoluble constituents are dried at 100° C. and weighed. Sufficient of the bituminous 
substance should be taken to yield approximately 5.0 g. of extract. The benzol solution 
is evaporated or distilled to 50 ml. and 50 ml. of the saponifying liquid added from a 
pipette. This should consist of a 10% solution of caustic potash, prepared by dissohdng 
100 g. of anhydrous potash in 500 ml. of 95% ethyl alcohol, and dilating to a litre with 
90% benzol. The liquid is allowed to stand overnight to permit any carbonate to settle, 
and the clear solution decanted, .\fter the saponifying agent is added, the mixture is 
boiled under a reflux condenser, for 1-1 hour, and the contents of the flask while still 
''’arm poured in a separatory funnel containing 150 ml. of boiling water and 25 ml. of a 
10% solution of pt>tas.sium chloride. Add 250 ml. of benzol, agitate vigorously, and 
allow the funnel to rest quietly in a warm place until the solvent separates. If an emul- 
forms which refuses to s(;parate on standing, add 200 ml. more benzol and 100 ml. 
9’’% ethyl alcohol and stand in a warm place overnight. This will invariably effect a 
or leas complete separation of the solvent. From this point on the method is 
mustrated by the following tabular outline: 
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Saponify as described. 

Draw off the soap solution as completely as possible. 

D^ant the benzol layer, leaving the intermediate layer in the separatory funnel. 


Aqueous Soap Solution. 
Exhaust with 200 ml. portions of benzol. 


Benzol Layer, 


Intermediate Layer. 


Aqueous Soap 
Solution. 


Combined Benzol 
Extracts. 


Combine and exhaust with 100 ml. por- 
tions of 50% alcohol. 


Benzol Solution. 


Combined Alcoholic 
Extracts. 


Combine and exhaust with benzol. 


Combined Benzol Alcoholic Soap Solu- 
Extracts. tion. 


Combine, evaporate to a small bulk, com- 
plete the evaporation at 100" C., cool 
and w'cigh the IJnsaponijlahle Consti- 
tuents, 


Combine- 


Transpose with dilute hydrochloric acid, w’arm and exhaust with benzol. Separate 
the aqueous solution containing the glycerol and mineral salts. Evaporate the com- 
bined benzol extracts to a small bulk, and then complete the evaporation of solvent at 
100® C. Cool and w^eigh. Weight equals the Jree acids derived from lh£ saponifiable 
constituents. 


In the case of bituminous materials that are more or less completely saponifiable, 
the intermediate layer is apt to be absent. In this ca.se the process will simplify itself 
cousiderahly. The foregoing procedure will separate the unsaponifiable constituents 
in practically an ash-free state. 

Diazo Reaction 

This test is used for identifying bituminous substances carrying phenols, 
including wood tar and w'ood-tar pitch, oil-gas- and water-gas-tars and pitches, 
shale tar. peat- and lignite-tars and pitches, bone-tar, bone-tar pitch and the 
various coal-tar pitches. 

This reaction is carried out by boiling 2 g. of the bituminous substance with 
20 ml. N. aqueous caustic soda, for approximately five minutes. After cooling, 
the liquid is filtered. If the filtrate is dark colored, it may be lightened by 
shaking with finely pulverized sodium chloride and filtering. It is then cooled 
in ice to 10® C., and a few drops of freshly prepared diazobenzolchloride solution 
added (prepared by dissolving 1 g. aniline chlorhydrate in 10 ml. water and 3 ml. 
25% hydrochloric acid, and then adding drop by drop, a saturated solution of 
0-5 g. sodium nitrite in water). To avoid the preparation of di azobenzol chlo- 
ride (which does not keep), the use of paradiazobenzol -sulfonic acid (C^H^" 
NjSOi) may be substituted, since it is a more stable chemical and will keep well 
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in stock. If phenols are present, a more or less fugitive red coloration will 
result, sometimes accompanied by a reddish precipitate. 

Assuming that the bituminous substance gives the diazo reaction, the 
question will often arise whether the product is a straight-distilled pitch, or an 
asphalt “ cut-back with a high boiling-point distillate containing phenolic 
bodies, derived from coal tar, lignite tar, etc. Marcusson has worked out a 
method applicable under these circumstances, which consists in dissolving 10 g. 
of the bituminous substance in 15 ml, of benzol, and pouring the solution into 
200 ml. of 88* petroleum naphtha. The resulting precipitate is filtered and 
washed with petroleum naphtha and dried. It is then boiled for fifteen minutes 
with N/2 alcoholic caustic potash under a reflux condenser to extract the 
phenols. The liquid is cooled and filtered, the alcohol evaporated, and the 
residue dissolved in water. Sodium chloride is added to clarify the liquid and 
remove any substances imparting a dark color, the solution is filtered and the 
filtrate treated for the diazo test described above. If a straight-distilled pitch 
containing phenols is present, a positive reaction will be obtained. If the 
original substance gives the diazo test, but the residue treated in the above way 
does not, then the admixture of high boiling-point oils containing phenolic 
bodies with a substance free from phenols (e.g., asphalts, etc.) is established. 
It is claimed that the presence of as little as 10% of pitch containing phenols 
may be detected in this manner. 

Where bituminous substances contain calcium carbonate, the phenolic ’ 
bodies present combine with the lime, forming insoluble calcium phenolate 
which yields but a faint diazo reaction. However, on treating such substances 
with a solvent in the presence of hydrochloric acid, the calcium phenolate is 
decomposed, and the diazo reaction becomes much more delicate. 

A still more sensitive test for ascertaining the presence of phenols (e.g. tars 
or pitches) in asphalts consists in the following; A reagent is prepared by dis- 
solving 0.2 g. paranitraniline in 20 ml. water and 5 ml. 20% sulfuric acid, wher^ 
upon 0.3 g. sodium nitrite are added. Hard ^phalts (3 to 4 g.) are ground in 
a mortar with 25 ml. water made alkaline with NaOH; then filtered and the 
filtrate acidified with H2SO4 and 3 drops of the foregoing reagent added. The 
solution is finally made alkaline with NaOH, whereupon the presence of phenols 
will develop a more or less intense red coloration. It is claimed that the pres- 
ence of 1% of tar or pitch may tlius be detected, inasmuch as a 1 : 25,000 
solution of phenol will produce a blood-red color, and a 1 : 250,000 solution a 
pinkish-red color. Pure asplialts, on the other hand, yield a light yellow color 
or leave the reagent unchanged. 

The Dutch Standardization Committee have adopted a combination of 
paradiazobenzol-sulfonic acid with Millon's reagent for detecting the presence 
of phenols in substances containing colophonium, as follows: 10 g- of si^- 
stance are boiled 20 minutes witli 25 ml. N aqueous NaOH and filtered, lo 
5 ml. of the filtrate add a few drops of paradiazobenzol-sulfonic acid. If no 
red coloration results, phenol (tar or pitch) is absent, but if a coloration occurs, 
tar or pitch may be present, but it may also be caused by colophonium. In 
this event, the remainder of the filtrate is almost neutralized with nitric acid 
and evaporated to 5 ml. Then add 5 ml. freshly prepared Millon s reagent and 
place in a glass beaker with boiling water. If no coloration results within half 
an hour, the mixture is free from phenols. 
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Anthraquinone Reaction 

The anthraquinone reaction is used for detecting anthracene in tar products 
produced at high temperatures, including oil-gas-tar and pitch, water-gas- tar 
and pitch, and the various coal-tar pitches. This test is therefore valuable for 
purposes of identification. 

The tar or pitch is first subjected to distillation in accordance with the retort 
method, the offtake and condensing tube being kept warm to prevent the accum- 
ulation of any solid distillate. The distillate passing over between 270° and 
355° C. is caught separately and examined for anthracene in the following 
manner. The fraction is heated until it is thoroughly fluid to secure a uniform 
sample, and 5 g. weighed out, while hot. After cooling, 10 ml. of absolute 
ethyl alcohol are added, the solids allowed to crystallize and the liquid decanted. 
One to 2 g. of solid substances containing the anthracene are dried on a water- 
bath, transferred to a 500-ml. flask connected with a return condenser, 45 ml. 
of glacial acetic acid added, and the contents boiled for two hours. The follow- 
ing mixture is then added drop hy drop through a separatory funnel, viz.: 15 g. 
of anhydrous chromic acid dissolved in 10 ml. of glacial acetic acid, and 10 ml. 
of water. The boiling is continued for another two hours, the flask cooled, and 
400 ml, cold water added. This treatment oxidizes the anthracene to anthra- 
quinone, which on cooling separates as a solid mass. This is filtered, washed 
with hot water, then with a hot 1% solution of caustic soda and again with hot 
water. The residue of anthraquinone is then dried and its wciglit multiplied 
by 0.856 to obtain the corresponding weight of anthracene. From 0.25 to 
0.75% of anthracene is found in coal tars, and a correspondingly larger percent- 
age in coal-tar pitches. 

A color reaction for establisliing the presence of anthracene consists in boil- 
ing for \'2 to 1 hour the crj’stals of anthraquinone (1 part) with zinc dust (2 
parts) and 50% XaOII solution (30 parts), whereupon an intense red-colored 
solution is obtained, which on filtering in contact with air becomes decolorized. 



EXAMINATION OF BITUMINOUS SUBSTANCES 1563 


PART II 

EXAMINATION OF BITUMINOUS SUBSTANCES COMBINED WITH 
DISCRETE AGGREGATES 


[A] PHYSICAL TESTS OF FINISHED PRODUCT 


Resistance to Displacement 

This test has been proposed for examining fine-aggregate paving mixtures 
(e.g. the wearing-course of sheet-asphalt pavements) and has also been adapted 
for testing coarse-aggregate paving mixtures. The procedure when testing 
fine-aggregate mixtures consists in weighing the dry sand and filler to 0.1 g.; 
heating to 350^ F. and mixing thoroughly. The melted asphaltic binder heated 
to 350° F. is then weighed to 0.1 g. and thoroughly mixed with the aggregate 
by means of a spatula. Approximately 100 g. of the completed mixture are 
weighed into a cylindrical forming mold 2-in. in diameter and 4-in. high. The 
mold and contents are heated to 250-260° F. as determined by the thermometer 
used for stirring the mixture. Remove and insert a cylindrical plunger into 
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Machine 


Plunger (diameter 2-/n.) 
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Fio. 211.— Apparatus for Testing Resistance to Displacement. 

the mold, and then tamp by first giving 60 blows ^ 

followed by 15-20 blows with a tamper weighing 1400 ^ 

tents are placed in a compression machine to which is app 
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per sq. in. and the briquette allowed to cool under pressure. The compressed 
briquette should measure 2-in. in diameter and approximately 1-in. in height. 
Let stand at room temperature over night and then maintain in a water-bath 
at 140° F. for one hour before testing. Two such briquettes should be pre- 
pared, each specimen being tested by placing it top end down in the testing 
mold and inserting the plunger as illustrated in Fig. 211. A circular washer 
having a circular opening 1.75 in. in diameter is clamped on the lower end of 
the mold and the load then applied at a rate which will cause the testing head 
to be depressed 1-in. in 25 seconds. As the pressure increases, the briquette 
will be forced through the orifice of the circular washer. The reading is ob- 
served on a spring dynamometer and the maximum is recorded. The average 
of two specimens is taken as a measure of the '"stability” of the mixture. This 
test indicates the resistance of the pavement to displacement and may be used 
to proportion mixtures of sand, filler and asphaltic cement giving optimum 
results. 

For testing coarse-aggregate paving mixtures a larger mold is recommended 
in conjunction with a testing ring % in. thick having a minimum orifice 5^ 
in. in diameter for a depth of }4 in., after which it tapers out to a diameter of 
6 in. at the bottom of the ring. 

Samples of the finished mixture taken from the testing-plant are warmed to 
2o0°-260° F. and formed into briquettes as described above. Finished pave- 
ments may be tested by cutting out cores 2 in. in diameter and approximately 
1^ in. high, which are then placed directly in the mold and tested at 140° F. 

Tensile Strength 

Any standard testing machine may be used provided it is accurate to within 
1% of the lowest load to be applied. Special specimen holders of steel, as 
shown by Fig. 212 (a), shall be used. The specimen holders sliall be attached 
to the heads of the machine by link.s held so that the pull is central, to avoid 
any transverse strain. For hot-molded materials and for plastic cold-molded 
materials, the test specimen shall be molded to the form and dimensions shown 
in Fig. 212 (6). 

Note, — T o permit the use of one mold for all molding compounds the following 
variations in dimensions of the test .specimen w ill lx; permissible: 

For hot-molded compounds ± 5% 

For cold-molded comiwurids ±10% 

Ail specimens shall be conditioned before testing by drying in an oven at 
50° C.±5° C. for 48 hrs., followed by cooling to room temperature in a dessi- 
cator. Five specimens shall be tested at room temperature. The speed of 
the head of the testing machine .shall be such that the load can be accurately 
weighed, but shall not exceed O.OoO-in. (1.27 mm.) per minute with the machine 
running idle. All tests shall be made at normal room temperature of about 
20° C. (68° F.). 

The report shall include the following: 

(а) The breaking load of each specimen in pounds or kilograms; 

(б) The thickness and width of each specimen in inches or millimeters as 
meaaured by a micrometer at the center of the specimen, that is, the point nf 
minimum section; 
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{c) The ultimate tensile strength in pounds per square inch or in kilograms 
per square millimeter of each specimen, calculated from the minimum area 
measured at the center of the test specimen before the load is applied; 

(d) The character of the material tested, with description of the fracture 
and its location with respect to the middle point of the specimen. 

(e) The speed in inches or millimeters per minute at which the head of the 
testing machine traveled during the test. 



Fiq. 212.— Tension Test Specimen and Holder. 


Compressive Strength 

This method has similarly been standardized as follows : _ 

Any standard testing machine may be used provided it ^ 

■within 1% of the lowest load for which it is used. One end of the specimen 
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shall bear upon an accurately centered spherical bearing block, located when- 
ever practicable at the top, and the metal bearing plates shall be directly in 
contact with the ends of the test specimen. 

The test specimen shall be molded in the form of a cylinder having a height 
of 1.25 in. (31.8 mm.) and a diameter of 1.125 in. (28.6 mm.) (Fig. 213). The 
ends shall be fiat and perpendicular to the axis, being 
ground to this condition if necessary. 

Note 1. — To permit the use of one mold for all molding 
compounds the following variations in dimensions of the test 
specimen villl be permissible: 

For hot-molded compounds ± 5% 

For cold-molded compounds ±10% 

Note 2. — Due to the size and shape of this specimen, it ia 
sometimes difficult to completely cure it within the relatively 
short time which would ordinarily be used and with the tem- 
peratures ordinarily used. This is particularly true when hand 
molds, that is, molds heated by conduction from the platens, 
are used. It is, therefore, recommended that special precau- 
tions he taken to in.sure thoroughly cured part.s, experiments 
indicating that 20 to 30 minutes may be necessary in some cases 
with hand molds. 



Courtesy A.S.T.M, 

Fig. 213. — Compres- 
sion Test Specimen. 


All specimens shall be conditioned before testing by drying in an oven at 
50® C.±5° C. (122® F.±9® F.) for 48 hrs., followed by cooling to room tem- 
perature in a desiccator. Five specimens shall be crushed at room temperature. 

Additional tests shall l>e made at elevated temperatures, the actual tem- 
peratures selected depending upon the use that is to be made of the material. 
Five specimens shall be tested at each temperature selected. The specimen 
shall be kept at that temperature a sufficient length of time to become of uni- 
form temperature throughout and shall be maintained at that temperature 
during the test. 

The load shall be applied on the ends of the specimen and the cross-head 
speed of the testing machine .shall be such tliat the load can be accurately 
weighed but .shall not exceed 0.050 in. (1.27 mrn.) jmt minute when the machine 
is running idle. For the best results use the slowe.st possible s]>ced. 

The report shall include the following: 

(a) The dimensions of each specimen in inches or in millimeters; 

(h) The load on each specimen in pounds or kilograms at the first sign of 
failure; 

(c) The ultimate compressive strength in pounds per square inch or kilo- 
gram.s per square millimeter of each specimen, calculated from the measured 
area of each s^iecimen before the load is applied; 

(d) The general character of the material tested, with description of how it 
acts under the applied load; 

(e) The speed in inches or millimeters per minute at which the head traveled 
during the teat. The time required for testing each specimen should be re- 
corded. 
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(B) SEPARATION OF FINISHED PRODUCT INTO ITS 
COMPONENT PARTS 

S6paratioii of the Bituminous Matter and Discrete Aggregate 

Bituminized aggregates are separated into their bituminous and discrete 
components for the combined purposes of ascertaining the percentage and 
nature of the mineral constituents and for examining the physical and chemical 
characteristics of the bituminous binder, with the object of its identification 
or duplication. 

Hot Extraction Method* — This has 'been standardized as follows: 

Bituminous grouts shall be heated in an oven or on a hot plate in a pan or 
other suitable container at the lowest possible temperature to prevent over- 
heating and volatilization, and when sufficiently fluid, shall be thoroughly 
stirred to insure a uniform sample, whereupon 10 to 30 g. shall be taken for 
analysis. 

Asphalt mastics or mastic cake shall be warmed on a hot plate or in a hot 
oven until soft enough to be broken up or stirred, so that a representative sample 
for analysis may be taken. The amount taken for analysis will depend upon 
the amount of coarse gravel or stone in the mixture. The larger the gravel or 
stone, the larger will be the sample required for accuracy. The size of samples 
to be taken shall be as follows: Where all particles pass a No. 10 sieve, 10 to 
30 g.; where 25% of the aggregate is retained on a No. 10 sieve, 50 g.; where 
50% of the aggregate is retained on a No. 10 sieve, 100 g ; and where 75% of 
the aggregate is retained on a No. 10 sieve, 200 g. 

(a) For Analysis of 10- to 30-g. Samples— In cases where a 10- to 30-g. 
sample is sufficient, the analysis shall be carried out by means of the glass 
extractor illustrated in Fig. 207. 

An ordinary fat-free Whatman or S. and S. filter thimble, 60 mm. in length 
by 26 mm. outside diameter, shall be dried for 30 minutes in an oven at 212° F., 
allowed to cool in a desiccator, and then weighed in a suitable w^eigliing bottle. 
The weighed sample shall be placed in the thimble and a disc of wool felt or 
a plug of absorbent cotton shall be placed over the sample in the top of the 
thimble to distribute the solvent uniformly and prevent splashing. After 
placing in the extractor, 40 to 50 ml. of carbon disulfide shall be poured over 
the sample, whereupon tlie thimble containing the sample shall be suspended 
under the comlenser by a flue wire bail. The flask shall be cautiously heated by 
a steam-bath or electric lieatcr just enough to vaporize the solvent. Cold 
water is circulated through the condenser. The heat evaporates the carbon 
disulfide in the flask. This condenses upon the condenser and drops back upon 
the sample through which it filters, thus dissolving out the bitumen which 
collects in the bottom of the flask. 

The extraction should be discontinued when the carbon disulfide drops 
colorless from the filter. The time of extraction will depend upon the nature of 
the bitumen and mineral aggregate in the sample and upon the degree of heat 
applied, the coldness of the water in tiie condenser and other factors. In 
some cases extraction may be complete in one hour, in others four or five hours 
iriay be necessary. 

When the solvent comes^hrough clear, the filter shall be removed and washed 
with a fine jet of carbon disulfide from a washing bottle to wash out any bitumen 
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that may be retained at the top of the paper and to break up any channels 
that may have been formed by the carbon disulfide passing through. If the 
washings show any color, the thimble shall be put back and extraction con- 
tinued until the solvent again becomes colorless. It shall then be removed, 
dried carefully, at a low temperature at first to prevent ignition of the absorbed 
carbon disulfide, and finally to constant weight at 100® C. (212® F.), cooled 
and w’eighed. 

An aliquot portion of the solution in the flask shall be rinsed into a weighed 
porcelain or silica evaporating dish or crucible and the solvent burned off under 
a hood. The residue shall be ignited over a flame or in a muffle and the ash 
weighed and the weight added to that of the mineral matter in the filter paper. 
This is to correct for the fine mineral matter which will be carried through the 
paper by the solvent. Should there be a considerable amount of ash recovered 

in this way, and if it is found that the 
mineral matter is calcium or other carbon- 
ate, it shall be recarbonated by repeated 
treatment vdth ammonium carbonate solu- 
tion and finally ignited at a dull red heat. 
Ordinarily, however, the mineral matter 
going through the paper will be so small in 
amount that the difference caused by igni- 
tion may be neglected. The corrected loss 
in weight on the original sample represents 
the percentage of asphalt present. 

(6) For Analysis of SO- to SOO-g. Sam- 
ples . — The apparatus for analysis of sam- 
ples containing coarse aggregate shall be the 
large extractor shown in Fig. 214, consisting 
of a large brass cylinder, through the bot- 
tom of which projects a IG-candle-power 
incandescent carbon filament bulb to supply 
heat to the extraction apparatus proper, 
which is held in the upper portion of the 
cylinder. This apparatu.s is composed of a 
cylindrical brass vessel for holding the sol- 
vent, a cylindrical wire basket made of 80-mesh wire cloth suspended in the 
cylinder, and an inverted conical condenser which .serves as a top. 

A large filter paper, 12 or 13 in. in diameter, shall be fitted inside the wire 
baskcit of the extractor by folding once more than in or<linary filtering, or by 
wrapping it over a form which fits inside the basket (a cylindrical bottle of 
proper size makes a good form) and placing it inside the basket. 

The basket with contained filter paper shall be dried and weighed. The 
sample shall be weighed and packed in the filter paper in the basket. Care 
should be taken not to pack all coarse particles in one place and the fine particles 
in another, but to have them mixed together in uniform proportions. 

The sample shall be covered with a disk of felt or wad of absorbent cottoa 
to insure even distribution of the dropping solvent, thus preventing it from 
forming a channel through the sample. The bask^ shall be suspended in the 
extractor and 150 to 200 ml. of carbon disulfide poured over the felt or cotton. 



Fig. 214. — Extraction Apparatus. 
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The condenser shall be placed over the top and water circulated through it. 
Current shall be started through the electric lamp underneath the extractor 
and the extraction carried on exactly as in the smaller glass extractor, but on a 
larger scale. The time for extraction will vary from 3 to 12 or more hours, 
depending upon the nature of the sample. ’ 

To determine when extraction is complete, the condenser shall be raised 
and the basket lifted out to observe if drippings are clear. One or two drops 
caught upon white filter paper should leave but a light stain. 

The drying and weighing of the basket, burning off of the solution for cor- 
rection, and calculation of the weight of mineral matter shall be determined as 
in the foregoing. Note that any water in chemical combination with the min- 
eral constituents is not ascertained by this procedure, but the amount present 
is usually so small as to be negligible. 

Cold Extraction Method. Weigh out 1000 g. of the well-disintegrated 
sample into an 800 ml. beaker and atid 500 ml. carbon disulfide. Stir five or 
six times during the first 24 hours thoroughly to break up the aggregate, and 
then let stand quietly for 48 hours, after which the solution shall be carefully 
decanted and filtered through a series of three 100 ml. funnels, using absorbent 
cotton as the filtering medium. The aggregate left in the beaker shall be sub- 
jected to a second washing, conducted as described. The extracts shall be 
combined and placed in a quart jar, which shall be tightly covered and allowed 
to stand quietly for 48 to 72 hours, after which the solution shall be filtered 
through an asbestos mat in a 
Gooch crucible to remove the last 
traces of sediment. The mineral 
ingredients shall then be dried and 
weighed as previously described. 

In the case of mastic block and 
similar bituminized aggregates con- 
taining a high percentage of finely- 
divided mineral matter, there is apt 
to be a loss of fine material, caused 
by carbon disulfide solution creep- 
ing behind the folds of the filter 
paper and over its edge, rather than 
through the paper. In the case of 
mastic the following procedure 
is recommended: Two 32-cm. No. 

5 Whatman filter papers, after 
being dried in an oven and cooled 
in a desiccator, are counterpoised. 

These papers are folded together and fastened with a paper-clip in the 
manner shown in Fig. 215, whereupon they are placed in a glass funnel 
^■in. in diameter, the top edge of which is ground flat. The funnel is covered 
with an 8-in. diameter glass plate, in the center of which a %-in. diameter hole 
has been drilled. To make certain that the plate completely closes the funnel, 
it is advisable to secure the plate to the funnel with gelatine cement, prepared 
by dissolving 10 g. of gelatine in 80 ml. water and adding 20 g. glycerin. The 
mastic block is warmed in an oven and broken into small pieces. Two 75 g. 
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representative samples should be taken and run in duplicate. One sample is 
introduced into the counterpoised filter and the funnel covered with the glass 
plate as described. Carbon disulfide is introduced directly into the funnel 
through a loOO ml. separatory funnel as shown in Fig. 216. The addition of 



Fro. 216. — Apparatus for 
Cold Extraction Test. 


carbon disulfide may be made automatic, so that 
when the level of the liquid in the filter falls below a 
predetermined height, a fresh supply will be admitted, 
and this may continue overnight without attention. 
When the filtrate comes through colorless, the carbon 
disulfide supply is stopped and the paper allowed 
to dry, first in air, and finally in an oven at 120® C. 
for one hour. After cooling in a desiccator, the filter 
and contents are weighed, the outside paper being 
placed on the weight-pan as a counterpoise. The 
weight of asphalt extracted is ascertained by sub- 
tracting the weight of the aggregate from the weight 
of the sample taken, and its percentage calculated. 

For products other than mastics, the following 
weights of material are recommended: surfacings 
containing aggregate all passing lO-mesh: two 50 g. 
samples; surfacings containing up to 25% or 

^^-in. aggregate: two 150 g. samples; surfacings con- 
taining up to 25% ^ 4 -iu. aggregate: two 300 g. 
samples; surfacings containing up to 50% ^-in. 
aggregate: two 500 g. samples. 

Another variation consists in covering the 
coarsely broken sample with carbon disulfide and 
allo^^^ng same to stand quietly overnight, whereupon 
it will be found that most of the soluble material 
has gone into solution. The residue is then washed 
with 8 to 10 portions of carbon disulfide. Fine 
mineral matter is removed from the combined ex- 
tracts by filtering or centrifuging. 

Centrifugal Extraction Method. — The most effi- 
cient apparatus of this type is illustrated in Figs. 
217 and 218. It consists of a 1/5 h.p. vertical motor 
a, capable of making 1100 revolutions per minute at 
110 volts, with either direct or alternating current. 
Its shaft projects into a cylindrical copper vessel b, 


having a concave bottom and draining into the spout c. A circular brass plate 


d, 93^ in. in diameter supports an inverted iron bowl e, 83^ in. in diameter by 
2^ in. high, having a 2-in. circular hole at the top. A brass cup / is fastened to 
the inner side of the bowl, having a circle of in. holes for the admission of 


solvent, and terminating in a hollow axle which fits snugly through a hole in 


the center of the brass plate d, A felt ring ^ in. wide and about 0.090 iJi. 
thick (cut from No. 80 roofing felt) is firmly pressed against the bowl by tho 
milled nut h for which the hollow axle is suitably threaded. The axle in turn 
fits snugly over the shaft of the motor, to which it is secured by a slot and 
cross-pin. 
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Procedure— The filter ring shall be dried for 30 minutes in an oven at 212° F., 
allowed to cool in a desiccator and then weighed. 

The required quantity (10 or 25 g.) of the disintegrated sample shall be 
accurately weighed on a tared watch glass or weighing scoop. The sample shall 
then be placed in the bowl of the rotarex machine, care being taken to evenly 
distribute the mixture around the periphery of the bowl to prevent vibration 
during the extraction. The filter ring and bowl plate shall then be placed on 



the bowl and fastened down fairly tight. The bowl shall then be placed in 
position in the rotarex machine and from 40 to 50 ml. of carbon disulfide poured 
into the bowl througli the funnel opening. After allowing the material to 
digest for about 15 minutes, the motor shall be started, slowly at first, and then 
tlie speed increased sufficiently to cause the dissolved bitumen to flow from the 
spout in a thin stream. The dissolved bitumen or filtrate shall be collected in 
a beaker or otlier receptacle. When the first charge has drained, the motor 
sliall be stopped and a fresh charge of carbon disulfide added and again alio^Yed 
to digest for 15 miiuitcs and the machine started as before. This operation 
shall be repeated from three to five times or until the solvent runs clear from 
the spout showing all bitumen has been dissolved from the sample, this usually 
requiring three to four wasliings. 

When the last addition of solvent has drained off, tlie bowl shall be removed 
and placed with the bowl plate and filter ring on a sheet of glazed manila paper 
and allowed to dry at room temperature. The aggregate shall then be brushed 
from the bowl onto tlic paper togetlicr with any aggregate adhering to the bowl 
plate and filter ring. The aggregate shall then be transferred to a tared watch 
glass or pan and together with the filter ring dried in an oven at 212® F., 
cooled in a desiccator and weighed. 

In making the correction for the mineral matter suspended in the filtrate, 
‘ffid sufficient carbon disulfide to bring the same to a definite volume and a 
multiple of 100 ml. The whole filtrate shall then be thoroughly shaken so that 
the mineral matter is uniformly dispersed throughout the filtrate and an aliquot 
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part of 100 ml. then taken and transferred into a weighed porcelain or silica 
evaporating dish and the solvent burned off under a hood. The residue shall 
then be ignited over a gas flame or in a muffle until it is entirely free from carbon, 
cooled and weighed and the total ash correction determined as follows: 

Total filtrate Ash in grams recovered in 

_ ^ , in ml. aliquot part 

Total ash = — — 

Aliquot part in ml. 

Should there be a considerable amount of ash recovered in this manner, 
and if it is found that the mineral matter is calcium or other carbonate, it should 
be recarbonated by repeated treatment with ammonium carbonate solution 
and finally ignited at a dull red heat. 

An alternate procedure consists in using a centrifugal tube in the following 
manner: The apparatus to be used in tliis test shall be any suitable type of 
centrifugal machine capable of being rotated rapidly (1800 r.p.m.) surmounted 
by a head carrying an equal number of metal tube shields, slightly larger than 
the glass tubes used, and provided with rubber cushions, the whole being en^ 
cased in a metal shield. In place of glass tubes aluminum or bronze tubes may 
be used. 

Procedure . — The required quantity (10 or 25 g.) of the disintegrated sample 
selected at random throughout the sample shall be accurately weighed on a 
tared watch glass or weighing scoop. After weighing, the sample shall be 
transferred to a numbered and weighed tube. The tube shall he filled with a 
definite quantity of carbon disulfide approximately three-fourths full and then 
inserted in the metal tube shield of the centrifuge machine. The tubes shall 
be so placed in the centrifuge machine as to have equal weights opposite each 
other around the head of the centrifuge. After allowing the material in the 
tube to digest for about 15 minutes, the centrifuge machine shall be started, 
slowly at first, gradually bringing it up to full speed and whirling from 5 to 10 
minutes. The machine shall then be stopped, the tube removed and the solvent 
and dissolved bitumen decanted into a numbered flask. The tube shall again 
be filled with carbon disulfide, mixing the solid matter at the bottom of the tube 
^ith the solvent by stirring, the material allowed to digest for 15 minutes, 
whirled from 5 to 10 minutes, the solvent decanted and the bitumen dissolved 
as before. This operation shall be repeated from three to five times or until 
the solvent in the tube, after whirling from 5 to 10 minutes, is clear and colorless. 

The tube shall now be removed from the machine and the solvent allowed to 
evaporate from the aggregate at room temperature and the material then dried 
in an oven at 212° F. to constant weight, cooled in a desiccator and weighed. 

The solvent and dissolved bitumen in the fla.sk shall be rinsed into a weighed 
porcelain or silica evaporating dish and the solvent burned off under a hood. 
The residue shall then be ignited over a gas flame or in a muffle until it is 
entirely free from carbon, allowed to cool in a desiccator and the ash weighed 
and its weight added to the weight of the mineral matter in the tube. Should 
there be a considerable amount of a.sh recovered in this manner, and if it 
found that the mineral matter is calcium or other carbonate, it shall be rc- 
carbonated by repeated treatment with ammonium carbonate solution ami 
^ally ignited at a dull red heat. Ordinarily the mineral matter in the solution 
is found to be so small that the difference caused by ignition may be neglected- 
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1573. 


PART in 

EXAMINATION OF BITUMINIZED FABRICS 

This caption includes the following groups of products, viz.: 

Q — Prepared roofings. 

R — Composition shingles. 

S — Deck and porch coverings. 

T— Bituminized fabrics for constructing built-up roofs. 

V — Bituminized fabrics for constructing waterproofing membranes. 

V — Electrical insulating tape. 

W — Waterproof papers for wrapping and packing. 

X — Waterproof papers for insulating against heat or cold. 

Y — Felt-base floor coverings (surfaced with linseed oil and pigment 
composition). 

Z — Expansion joints for pavements. 

These are constructed as shown in Table III, where the index a indicates that 
asphaltic compositions have been used, and t signifies that coal tar (pitch) et al.j 
have been used. 


TABLE III 
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Note.— L etters in heavy type indicate the more important groups of products. 
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The finished products falling in this class include sheet roofings, floor cover- 
ings, waterproof membranes, sheathing and insulating papers, expansion 
joints involving the use of woven or felted fabrics, electrical insulating tape, 
and certain types of wall board. As these are constructed in many different 
ways, it will obviously be impracticable to describe in detail the analytical 
methods applicable to each. The ones which follow have been devised spe- 
cifically for examining prepared roofings, but with these as a starting-point, 
others may readily be evolved for testing floor coverings, waterproof mem- 
branes, sheathing and insulating papers, etc. 


(A) PHYSICAL TESTS OF THE FINISHED PRODUCT 


Weight per Unit Area 


(a) For Saturated Felted and Woven Fabrics . — Tlie width of each roll 
taken shall be measured to the nearest ^ in. The minimum and maximum 
width so obtained shall be reported. 

Each roll taken shall be weighed intact to the nearest 34 Ih- and the mini- 
mum and maximum gross weight shall be reported. 

Each roll sampled shall be stripjjed. All the wrappers and packing material 
shall be weighed together to the nearest 34 Ih. and the average weiglit thereof 
per roU shall be reported. Each roll shall then be unwound, observing the 
workmanship and finish while so doing. The length and width of each roll 
shall thereupon be measured to the nearest K in. and the square feet of material 
contained in each roll calculated. 

The rolls shall be rewound, fastened with pieces of light string and then 
each roll shall be weighed to the nearest 34 In the case of felted fabrics, 
calculate the weight of each roll in pounds per 100 sq. ft. and report the maxi- 
mum and minimum, likewise recording the average for the rolls sampled, which 
shall be regarded as the corresponding weights of the entire shipment. In the 
case of woven fabrics, calculate the weight of each roll in ounces per square yard, 
and report the minimum, likewise recording the average for the rolls sampled, 
which shall be regarded as the corresponding weights of the entire shipment. 

From the rolls examined, select the one whose weight per unit area is nearest 
the average weight per unit area of the lot. The roll so selected shall be laid 
flat, the first convolution or two carefully unwound, and with a knife and 
straight edge the sheet shall be cleanly cut acros.s at right angles to the edges. 
A section measuring 30 in. in the direction of the roll’s length shall be removed. 
If the material is surfaced with sand or other fine material, any detached 
particles belonging to each .30-in. section shall be retained. The width of each 
section shall be measured to the nearest in. Each section, together with an^ 
detached surfacing, .shall be weighed to the neare.st gram. The weight in 
pounds per 100 sq. ft. or the weight in ounces per sq. yrl. sliall be calculated 
from the formulas: 


Pounds per 100 sq. ft. = 1.0582 X 


Weight of .30-in. section in grams 
Width of 30-in. section in inches 


Ounces per sq. yd. = 1. 5238 X 


Weight of 30-in. section in grams 
Width of 30-in. section in inches 
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This must check within 1% of the average weight per unit area of shipment. 
If the sample fails to do this, then additional samples shall be cut from the 
same roll, until one is obtained which does, which sample shall be kept for 
further examination. 

Note. — A s a referee method or in case any dispute arises regarding the properties 
as may be a.scertained from the particular sample selected, a 30 dn. sample shall be taken 
and examined separately from each roll sampled as above. 

If the material is surfaced with sand or other finely comminuted material, 
the surfacing shall be swept with a moderately stiff brush from all the SO-in. 
sections taken. All the material thus removed shall be cauglit and ^veighed 
to the nearest ounce. From the aggregate areas of all tlie sections taken, the 
average weight of detached comminuted surfacing shall be calculated in pounds 
per 100 sq. ft. 

The 30-in. section selected for examination shall be cut into sections for 
further tests in the manner shown in Fig. 219. 



Fio. 219 .— Sampling Bituminized Fabrics. 


(6) For Smooth^roll and Mineral-Surfaced RoU-Roofing.—^&ch roll 
selected shall be weighed to tlie nearest M The wrappers, packing mateml, 
nails, and cement from eacli roll shall be weighed together to the nearest M lb. 
and the average weight thereof per '^square" shall be recorded. The quanUty 
and character of nails and cement shall be recorded, 




1576 EXAMINATION OF BITUMINOUS SUBSTANCES 


Each roll shall be unwound and the workmanship and finish of the roofing 
observed. Record the weight of any loose surfacing that may fall off in so 
doing. 

The length and width of each roll shall be measured to the nearest 
and the square feet of material contained in each roll shall be calculated. From 
these values, the average area of the rolls examined shall be calculated. 

From the above net weight, exclusive of loose surfacing, of roofing per 108 
sq. ft. contained in each roll shall be calculated and the minimum weight per 
108 sq. ft. of the lot. 

The average weight per 108 sq. ft. for the rolls examined shall be calculated. 
This shall be regarded as the average weight per 108 sq. ft. of the lot. . . . (la) 

From the rolls examined, the one whose weight per 108 sq. ft. is nearest the 
average weight of the lot shall be selected. The first convolution or two shall 
be unrolled, and with a knife and straight edge, the sheet shall be cut across 
at right angles to the edges. A section measuring exactly 30 in. in the direction 
of the rolFs length shall then be removed. The width of this section shall be 
measured to the nearest ^ in. and weighed, neglecting any loose surfacing. 
The weight in pounds per 108 sq. ft. shall then be calculated from the following 
formula; 


Pounds per 108 sq. ft. = 


Weight of 30>in. section in ounces 
Width of 30-in, section in inches 


X32.4 


( 16 ) 


The weight so determined shall check within 1.5% of the average weight per 
108 sq. ft. of the lot (la). If this sample fails to check, then additional samples 
shall be cut from the same roll, until one is obtained which does, which sample 
shall be kept for further examination. 


Note. — A s a referee method, or in ca.se any dispute arisevS regarding the properties as 
may be ascertained from the particular sample selected, a 30-in. sample shall be taken and 
examined separately from each roll sampled. 


(c) For Minerat-surfaced Shingles . — Each bundle selected shall be weighed 
to the nearest 34 The packing material shall be weighed to the nearest 34 
and the weight recorded separately for each bundle. The average weight of 
packing material per “square” shall be recorded. 

The shingles in each bundle, “a,” shall be counted and the workmanship 
and finish of the shingles shall be observed. Record the weight of any loose 
surfacing that may fall off in so doing. 

From the above the net weight of each bundle, exclusive of loose surfacing, 
shall be calculated, “6,” The dimensions of two representative shingles shall 
be accurately measured and the net area of material in each shingle calculated 
in square feet, “c.” 

The area in square feet of material contained in each bundle (aXc) shall 
be calculated. The weight of roofing material per 108 sq. ft. contained in each 

bundle shall be calculated, and the minimum weight per 108 

sq. ft. recorded. This shall be regarded as the minimum weight per 108 sq. ft. 
of the lot. 

The average weight (d) per 108 sq. ft. for the bundles examined shall be 
calculated. This shall be regarded as the average weight per 108 sq. ft. of tlic 
entire shipment (lo) 
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The average weight per shingle 



shall be calculated 


(lb) 


From the bundles selected, a definite number of representative shingles, 
whose weight shall fall within 1.5% of the average weight ascertained in (la) 
shall be taken for further examination. The number of sliingles so selected 
shall represent as closely as possible 6 sq. ft. of material, and shall be selected 
as far as possible from different bundles. 


Note. — A s a referee method, or in case any dispute arises regarding the properties as 
may be ascertained from the particular sample selected, then a similar sample shall be 
t^en and examined separately from each bundle of shingles sampled. 


Thickness 


The thickness of each specimen shall be measured at 10 equally spaced 
points, 1 in. from a cut edge, with a micrometer gage having flat bearing sur- 
faces at both contact points of not less than H in. in diameter and preferably 
of the spring-and-dial type. The readings for each roll sampled shall be aver- 
aged and the minimum, maximum and average thickness calculated to the 
nearest 0.001 in. 

Resistance to Heat 


(a) For Asphalt-saturated Fabrics,~-Viom each specimen, 12 by 6-in. strips 
shall be cut at K-\ and A'-2 in Fig. 219., care being taken not to disturb any of 
the detached surfacing. Each strip shall be weighed and suspended in the 
center of an air-oven maintained at 221" F. (105" C.)ri:5" F. (3" C.) with a thin 
wire fastened through holes punctured near one edge. The thermometer shall 
be inserted in the oven to such a depth that its bulb will be in line with the 
center of the specimens. The strips shall be kept in the oven for exactly five 
hours, then cooled and removed carefully, and each specimen weighed. The 
average loss shall be calculated as a percentage and the average percentage of 
moisture deducted. Tlie final figure shall represent the average loss on heating, 
exclusive of moisture. 

(b) For Coal-tar Saturated Felt Only,— From the rolls making up the sam- 
pie strips 6 in. witle .shall be cut acro.ss the sheet. Sufficient of these shall be 
taken to make up a sample of 250 g.±5.0 g. The.se strips then shall be roUed 
up and placed in the wire baske t of the extraction apparatus described on p. 1568. 
The sample shall then be covered with a disk of soft filter paper to insure an even 

distribution of the solvent, n i i, r a 

The carbon disulfide extract containing the bitumen shall be transferred to 
a 500-ml., short-neck, round-bottom flask. The flask shall be equipped with 
a Hempel column, 16 cm. in length, 15 mm. in inside diameter and filled to a 
depth of 5 cm. with glass beads. The Hempel column shall be connected with 
a water-cooled condenser. A -2 to -f S0“ C. thermometer shal be placed in 
the Hempel column so that the top of the bulb shall be opposite the bottom of 
the tubulature. Distillation for the removal of carbon disulfide shall be con- 
tinued by means of a steam bath until drops cease to fall from the condenser 
The distillation then .shall be carried out over a small flame, heating cm-efu ly 
and observing the thermometer until the distillation ceases and the temperatu e 
of the vapor as indicated by the thermometer shows no further rise on slightly 
increasing the flame. 
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When the contents of the flask are sufficiently cool to be poured without 
appreciable vaporizing, 100 g.itO.l g. shall be distilled as on p, 1533. 

Fractions shall be taken at 210® C. and 235® C. and the distillation stopped 
at that point. The per cent of distillate by weight at each temperature shall 
be calculated on the basis of the weight of sample taken for distillation. 

(c) For Asphalt Roll-roofings and Shingles,— Tyio strips shall be cut from 
the sample of roofing or shingles, each approximately 8 by 8 in. They shall be 
weighed and suspended vertically in the same direction as the material would 
be applied to the roof, in the center of an air-oven maintained at 17G® F. (80° C.) 
±5° F. (3° C.) with a thin wire fastened through holes punctured near one 
edge. The internal dimensions of the oven shall not be less than 12 by 12 by 
12 in. An electrically heated oven is recommended. The thermometer shall 
be inserted in the oven to such a depth that its bulb will be in line with the 
center of the specimens. The strips shall be maintained at the prescribed 
temperature for exactly two hours, then cooled in a desiccator and each speci- 
men weighed. The average loss shall be calculated as a percentage. Any 
change in appearance of the specimen shall be recorded, such a.s flowing, sagging, 
blistering or absorption of the coatings; also sliding of granular surfacing. 

{B) SEPARATION OF FINISHED PRODUCT INTO ITS 
COMPONENT PARTS 

Separation op Bituminous Matter, Mineral Matter and Fibrous 
Constituents 

Moisture 

From each specimen, 2-in. strips shall be cut, as shown at A-1 and A-2 in 
Fig. 219, The 2-in. strips shall be cut into 1-in. squares. About 50 g., 
selected at random, shall be accurately weighed and distilled with 100 ml. of a 
coal-tar distillate of which 5 to 10% boils below 100° C. (212° F.) and of which 
at least 90% distills up to 180° C. (350° F.), in an apparatus of the form and 
under the conditions prescribed on p. 1553. The flask containing the solvent 
and sample shall be heated in a paraffin bath at a temperature of 302 to 338° F. 
(150 to 170° C.) until no further water passes over. The distillate shall be 
allowed tostandinthe graduated receiver until the water separates, whereupon 
the volume of water shall be measured and its weight calculated- From this, 
the average percentage of moisture in the fabric, as received, shall be calculated. 

Analysis of Saturated Fabrics 

From each roll sampled, a 2-in. strip (within in.) shall be cut across the 
specimen, as shown at H in Fig, 219. 

Each strip shall be extracted with carbon disulfide in an extractor shown in 
Fig. 219, the extraction being continued for several hours after the drippings 
have become colorless. The desaturated fabric shall be removed and heated in 
a ventilated oven at 225° F. (107.1° C.), cooled in a desiccator, any adhering 
comminuted surfacing being brushed off and retained, and weighed as rapidly 
as possible. The heating shall be repeated until the weight of the fabric rc- 
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mains constant, as determined by two consecutive weighings taken not less 
than ten minutes apart, which shall show a further loss of not more than 0.1%. 
This will give the weight of the fabric in the moisture-free state. Where a coal- 
tar pitch saturant has been used, the moisture-free weight of the desaturated 
fabric shall be corrected for the carbonaceous matter retained mechanically in 
its interstices, by means of the method described in the following paragraph. 

The following colorimetric method shall be used to ascertain the carbona- 
ceous matter derived from a coal-tar pitch saturant and retained by the de- 
saturated fabric: 

(fl) About 15 g. of an unsaturated fabric of the same general character as 
the one under examination, shall be macerated by boiling in water, disintegrat- 
ing with a rotary egg-beater and picking the fibres apart with needles. The 
fibres shall be filtered through fine cloth and dried at a temperature of 225° F. 
(107.1° C.) to constant weight. One gram of the fibres shall be accurately 
weighed into a flask and diluted to exactly 100 ml. with distilled water at room 
temperature. About 50 g. of glass beads shall be added and the contents of 
the flask shaken vigorously until the fibres are reduced to a homogeneous pulp 
in uniform .suspension. 

(6) A distilled coal tar, having approximately 10 to 25% of insoluble car- 
bonaceous matter, shall be procured and the carbonaceous matter extracted 
with benzol until it is free from soluble matter; then dried at a temperature of 
225° F. (107.1° C.) to constant weight. One gram of the purified carbonaceous 
matter shall be accurately weighed and diluted to exactly 100 ml. at room tem- 
perature with a starch solution of a consistency sufficient to carry the car- 
Ixmaceous matter into temporary suspension. (A 12.5% solution is recom- 
mended.) 

(c) The liquid carrying the fibres, obtained as described in Paragraph (a), 
shall be titrated with the susi)cnsion of carbonaceous matter, obtained as 
described in Paragraph (5), and from time to time a field prepared from a drop 
of the well agitated mixture .shall be examined under a microscope at 100 diam- 
eters magnification until the color exactly matches a field prepared from the 
desaturatetl fal)ric under examination, when both are review*ed side by side under 
])araUel conditions. The end-point is fairly sharply defined. The burette 
reading gives directly the percentage of carbonaceous matter adhering to the 
moisture-free fabric under examination. 

(d) The weiglit of moisture-free fabric shall be corrected by deducting the 
weight of adliering carbonaceous matter. 

The total comminuted surfacing plus any filler present in the bituminous 
saturant represents the sum of the detached comminuted surfacing, the amount 
brushed off from the surface of the desaturated fabric, plus the amount re- 
covered upon evaporating and igniting the bituminous extract obtained as 
above. 

The weight of bituminous saturant represents the difference between the 
weight of the original fabric, and the sum of the weights of the moisture-free 
<lesaturated fabric, plus moisture, plus the total comminuted surfacing and 

filler present. . . . x • 

Ash. — A representative sample shall be secured by cutting from each strip 
of desaturated felt a piece about in. iu diameter as shown at /-f, 1--^, an 
(Fig. 219). About 25 g. selected at random from all the specimens sampled in 
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this manner shall he accurately weighed, and incinerated in a weighed porcelain 
or quartz crucible either over an open flame or in a muffle, until all the carbon is 
consumed. A few drops of ammonium carbonate solution shall be added, the 
sample ignited gently, and weighed. The percentage of ash shall be calculated 
on the basis of the moisture-free felt. 

Note. — As a referee method, or in case greater accuracy is desired, the three portions 
taken from each specimen roll shall be weighed and ignited separately. The minimum, 
maximum and average of ash present shall be calcula^ on the basis of the moisture-free 
felt. 


Analysis of Saturated and Coated Fabrics 

Since the fabrics and bituminous matter may be assembled in many dif- 
ferent ways, the resultant products are too numerous to itemize. It is im- 
practical, therefore, to give analytical methods applicable to each. The ones 
which follow have been devdsed specifically for examining prepared roofings 
and composition shingles composed of roofing-felt, saturated and coated on both 
sides with asphalt, and surfaced on the top with either powdered or granular 
mineral matter, and on the under side with powdered mineral matter. These 
methods are typical ones, and with slight modifications and a little ingenuity 
may be adapted to other forms of bituminized fabrics. 

Asphalt roll-roofings and shingles may be divided into two general types as 
shown in Fig. 220. 


,^-finc finish 
f ‘ - -Top bifuminous coating ' 
f — 5/ turn i nizcd fzif 
-)-dofiom bifuminous coating 
' '^Fmt dusting finish 


Coarse or modcrafefy ooarS6 
''embedded mineral mafkt^/ 
r - -Top bituminous coating 
• -Bituminized felt 
-Bottom bituminous coaHng 
'"fine dusting finish^ 

Fig. 220. — Types of Asphalt RoU-roofings and Shingles. 


Type X represents a layer of felt, saturated and coated with bituminous 
matter, having the surface coatings dusted with fine mineral matter (e.g., 
talc). This type embraces what is commercially known as ‘‘smooth-surfaced 
roll-roofing.” 

Type Y is similar to Type X, but with a top surfacing of either: (1) coarse 
mineral matter (e.g., granular slate) embracing what is commercially known as 
mineral-surfaced roll-roofing” and “mineral-surfaced shingles”; or (2) mod- 
erately coarse mineral matter (e.g., granular talc) embracing what is com- 
mercially known as “roll-roofing surfaced with granular talc.” 

The. mineral matter, bituminous matter and fibrous matter may be dis- 
tributed in the following manner; 
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1. Detached. 


A — Mineral Matter 


. Embedded in the top coating 

. Embedded in the bottom coating 


PiTie Mineral Matter (e.g., finely ground talc or 
mica), Type X (on top and bottom), also Type 
Y (on bottom only). 

■Moderately Coarse Mineral Matter (e.g., coarsely 
ground talc) Type Y (on top only). 

Coarse Mineral Matter (e.g., crushed slate, 
crushed brick or tile), Type Y (on top only). 


4. Admixed with the top coating') , 

(Types X and Y). . 1 ^ot be prasent. If present, con- 

5. Admixed with the bottom coating f fine mineral matter (e.g., clay, 

(Types X and Y) J silica, limestone, slate flour, shale, etc.). 

6. Ash present in desaturated felt (i.e., ash on incineration). 


Bituminous Matter 

1. Contained in the top coating. 

2. Contained in the bottom coating. 

3. Saturant of the felt. 


C — Fibrous Matter 

I. The desaturated felt. 

The test strips for the separation of prepared roofing and shingles into their 
component parts shall be prepared as follows: 

From the samples representing the average weight a number of strips shall 
be cut, each measuring approximately 2-in. in width by 8 in. in length. These 
shall be weighed, the length and width measured to within 1 mm. or -^ in., and 
the weight calculated jier 108 sq. ft. Any of the 2 by 8-in. strips whose weight 
varies more than 1.5% from the average weight of the shipment, shall be 
rejected, and the remaining strips shall be retained for further examination. 

Note. — Tf a strip is cut to exactly 2 by 7.46 in. its weight in grams divided by two 
gives directly the weight in jxiunds per 108 sq. ft. 

Detached Mineral Matter (.1-1).— Remove the detached mineral particles 
from both sides of tlie 2-in. strips with a jet of compressed air operating under 
a nozzle pressure of 25 lb. per .sq. in. and re weigh in grams. Make a correction 
to include any loose mineral matter. Calculate the weight in pounds per 108 
sq. ft. of the detached mineral matter (A-1) (2) 

Moishire«free Felt (C-1).— Eight of the 2 in. by 8-in. strips shall be ex- 
tracted with benzol (boiling-point 80 to 82° C.), or C.P. carbon disulfide in a 
suitable extractor or centrifuge, and the extraction continued until the drippings 
have become colorless. The desaturated felt shall be removed from the ex- 
tractor, being careful not to lose any adhering mineral matter, placed in a tared 
weighing bottle provided with a ground-glass stopper, heated in a ventilated 
oven at 225° F. (107° C.) ±5° F. (3° G.) for thirty minutes, the stopper in- 
serted, then cooled and weighed. The heating shall be repeated until the 
weight of the felt remains constant, as determined by two consecutive weighings 
taken not less than ten minutes apart, which shall show a further loss of not 
niore than 0.1%. Any adhering mineral matter shall be brushed off the felt, 
weighed and retained for further examination. The weight of said adhering 
^oineral matter shall be deducted to obtain the weight of the moisture-free felt. 
The extract and accompanying mineral matter shall be retained for further 
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examination. From the weights so obtained and the respective areas of the 
strips of desaturated felt, the weight of moisture-free felt shall be computed in 
pounds per 108 sq. ft., from the following formulas and the results averaged: (3) 


Pounds per 108 sq. ft. = 


Weight of moisture-free felt in grams 
Area of the strips in square centimeters 


X221.2 


or 


Pounds per 108 sq. ft. - 


Weight of moisture-free felt in grams 
Area of the strips in square inches 


X34.3 


The extracted felt shall be retained for examination as to weight, thickness, 
strength, etc. 

Ash in Moisture-free Felt (A-6). — The strips of desaturated felt obtained 
as described shall be cut into squares about 2 cm. on each side and thoroughly 
mixed. Pieces amounting to about 10 g. shall be selected at random and dried 
at 225*^ F. (107° C.) for thirty minutes. They shall be cooled in a desiccator, 
accurately weighed and then incinerated in a weighed crucible either over an 
open flame or in a muffle until all the carbon has been consumed. A fe\v drops 
of ammonium carbonate solution shall be added, the sample ignited gently, 
cooled and re weighed. The percentage of a.sh shall be calculated on the basis 
of the moi.sture-free felt (4) 

Bituminous Saturation (B~3) in Moisture-free Felt. — From the 2 by 8-in. 
strips, cut 40 strips about Tt by 2 in. and weigh, this being a convenient size 
to handle. These strips shall then be separated into tlirce horizontal sections. 
The small arrows a and 6, to the left of the various tyjx^s of roofing illu.strateii in 
Fig. 220., indicate approximately where the layers should be separated. The 
top bituminous coating, with the embedded mineral matter, shall be removed 
first. 


N’ote. — The purpose shall be to remove the entire coatings with some of the .satu- 
rated felt adhering and no coatings left on the central section of saturated felt. The 
operator may accomplish this in any way that is most convenient. (!are shall be taken 
to preserve the mineral surfacing with the layers to which it belongs if it becomes de- 
tached during the operation. A convenient manner to effect the separation consists 
in warming the strips in an air-oven at a temperature of approximately 170’’ F. (80° C.); 
then with a knife, the front and hack coatings, resjxictively, shall l>e peeleil off, care Ijeing 
taken to remove as little as possible of the saturated felt, and at the same time to make 
sure that all of the coatings and surfacings are stripped from the felt. 

These three horizontal sections thus obtained shall be weighed separately 
and the total weight should agree within 1% with the original w'cight of the 
strips which have been separated. The saturatcfl felt (middle section) shall 
be extracted with benzol (boiling point 80® to 82® C.) or c.p. carbon disulfide, 
in a suitable extractor or centrifuge and the extraction continued until tlie 
wa.shingH have become colorless. The desaturated felt shall be removed from 
the extractor, placed in a tared weighing bottle provided with a ground-glass 
stopj^r, heated in a ventilated oven at 225® F. it 5® F. (107® C. ±3® C.) h»r 
30 minutes, the stopper in8erte<l, then cooled and weighed. The heating shall 
be repeated until the weight of the felt remains constant as determined by two 
consecutive weighings taken with an intervening heating period of not less 
than 10 minutes, which shall show a further loss in weight of not more than 
0.1%. Calculate the weight of bituminous saturation by difference. The 
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saturant may be recovered by combining the extract and washings in a 200-mh 
distilling flask, provided with a dropping funnel to add the solution during 
distillation, to which is attached a water-cooled condenser and a receiver, the 
latter having a vented connection to a vacuum pump. The distilling bulb is 
immersed in a bath having a temperature of about 212° F. (100° C.) if the 
solvent were carbon disulfide and a temperature of about 275'* F. (135° C.) if 
benzol or chloroform were used as the solvent. Distillation shall be continued 
at this temperature at atmospheric pressure until no more solvent is evolved, 
after which vacuum shall be applied very gradually until a vacuum of 0.5 in. 
mercury pressure is attained. Great care shall be exercised in applying the 
vacuum gradually to prevent foaming. This vacuum shall be continued for 
one hour after the specified vacuum has been reached. The distilling flask 
shall then be disconnected and the residue represents the felt saturant and shall 
be weighed. 

Note, — U se the residue of bituminous saturation recovered from the felt for 
e.xamining its physical and chemical characteristics. 

Calculate the per cent of bituminous saturation (5-3) carried by the dry 

felt (5) 

Calculate the weight in pounds per 108 sq. ft. of bituminous saturation 

(5-3) present in the dry felt, i.e. (5) X(3) (6) 

Bituminous Matter in the Top and Bottom Coatings Respectively (5-1 and 
5-2), — Take six of the 2 in. by 8 in. strips, from which the detached mineral 
matter has been removed, and split them lengthwise by tearing the felt midway 
between the points a and 6. Weigh and extract the top and bottom sections, 
respectively, in a suitable extractor or centrifuge. Desiccate and weigh the 
dry felt in each section. Separate the total embedded and admixed mineral 
matter recovered from each section, dry at 225° F. (170° C.), cool in a desiccator 
and weigh. Calculate the weight of bituminous saturant present, i.e., weight 
of felt recovered on extraction X (5). From the original weight of the top and 
bottom sections, respectively, subtract the combined weights of dry felt, 
bituminous saturant, embedded and admixed mineral matter. The difference 
represents the weight of bituminous matter in the surface-coating carried by 
that particular section. 

Calculate the weight in pounds per 108 sq. ft. of bituminous matter (5-1) 

ill the top coating 

Calculate the weight in pounds per 108 sq. ft. of bituminous matter (5-2) 

ill the bottom coating 

Calculate the weight in pounds per 108 sq. ft. of total mineral matter em- 
bedded and admixed with the top coating (8a) 

Calculate the weight in pounds per 108 sq. ft. of total mineral matter em- 
bedded and admixed with the bottom coating (86) 

To separate the bituminous constituents in the coatings for further examina- 
tion and also to cheek the percentage of mineral matter, both detached and 
embedded in the top and bottom coatings, with that determined above, the 
detached mineral matter shall be brushed off from six weiglied 2 by 8 in. strips. 
The strips shall again be weighed and the percentage calculated based on the 
original weight of strips. The outer portion of the top and bottom surface 
coatings, respectively, shall then be scraped off after the strips have been heated 
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in an oven at 212® F. (100® C.) for 30 minutes. The coatings shall be scraped 
off by holding a dull knife at right angles to the strip of roofing supported on a 
firm level surface and drawing the blade sideways under moderate pressure. 
Care shall be taken to avoid scraping entirely through the surface coating. 
This is important. The scrapings shall then be weighed and dissolved in benzol 
(boiling point 80 to 82® C.) or c.p. carbon disulfide; and the mineral matter 
separated by filtering or centrifuging and washing with successive portions of 
solvent. The mineral matter shall then be dried at 225® F. (107® C.), cooled in 
a desiccator and weighed. Calculate the percentage of mineral matter based 
on the original weight of roofing strips taken, which should check with that 
obtained previously. The bituminous matter in the scrapings shall be calcu- 
lated by difference and reduced to a percentage basis on the original roofing 
strips used. The bituminous coating shall be recovered by evaporating off the 
solvent as described. Both surface coatings should be treated separately in 
this manner. 

Note. — U se the separated bituminous coatings for examining their physical and 
chemical characteristics. 

Coarse or Moderately Coarse Embedded Mineral Matter (.1-2), also Fine 
Admixed Mineral Matter (.1-4) on the Top Coating of Type Y.~The mineral 
matter recovered from the top sections of Type Y shall be boiled with 100 ml. 
water and washed through a 65-mesh copper wire screen with sufficient water 
to remove the fine mineral matter. The total aqueous suspension of mineral 
matter which passes through the screen shall then be recovered by filtering 
the washings through a weighed Gooch crucible, then dried at 225® F. (107® C.) 
and reweighed. This represents the fine mineral matter admixed with the top 
coating. The mineral constituents retained on the 65-incsh screen represent 
the coarse or moderately coarse mineral matter embedded in the top coating. 
This shall likewise be dried and weighed. 

Calculate the weight in pounds per 108 sq. ft, of coarse or moderately coarse 
mineral matter (A-2) embedded in the top coating of Type Y (9) 

Calculate the weight in pounds per 108 sq. ft. of fine mineral matter (A-4) 
admixed with the top coating of Type Y (*) (10) 

Fine Embedded and Admixed Mineral Matter (A-2 and A-4) in the Top 
Coating of T 3 rpe X; Likewise Fine Embedded and Admixed Mineral Matter 
(A-3 and A-4) in the Bottom Coating of Types X and Y. — Take five of the 2dn. 
by 8-in. strips, from which the detached mineral matter has been washed off with 
water, and scrape off the outer layer of the top and bottom coatings, res])ectivcly, 
by means of moderately rough sandpaper or a knife Idade. Enough of the 
surface shall be scraped to remove every vestige of the fine embedded mineral 
matter, and at the same time care should be taken not to cut completely through 
the surface coatings into the saturated felt underneath. Then scrai>e off aboet 
5.0 g. of the top and bottom surface coatings, respectively, with a sharp knifo 
as described, taking care not to scrape entirely through the surface coating*^- 
Ignite the 5.0-g. portions separately in a tared crucible until all the carbon has 
been consumed, add a few drops of ammonium carbonate solution, ignite to a 
dull red heat and weigh. 

* Up to 2% admixed mineral matter probably adventitious and not filler. 
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Calculate the 'percentage by weight of fine mineral matter admixed with the 

top coating (Type X} (Ha) 

Calculate the percentage by weight of fine mineral matter admixed with the 

bottom coating (Types X and Y) (116) 

Calculate the weight in pounds per 108 sq. ft. of fine mineral matter admixed 

with the top coating (Type X) i.e. (7a)X(lla) (12a) 

Calculate the weight in pounds per 108 sq. ft, of fine mineral matter admixed 

with the bottom coating (Types X and Y) i.e. (76) X(116) (126) 

Calculate the weight in pounds per 108 sq. ft. of fine mineral matter em- 
bedded in the top coating (Type X) i.e. (8a) (12a) (13a) 

Calculate the weight in pounds per 108 sq, ft. of fine mineral matter em- 
bedded in the bottom coating (Types X and Y) i.e. (86) —(126) (136) 

Compilation of Results. — The following items shall be reported in pounds 
per 108 sq. ft.: 



TypeX 

Type Y 

Minrral Matter: 

Item (13a) 


Coarse or moderately coarse mineral matter embedded in 

Item (9) 
Item (136) 
Item (10) 
Item (126) 

Item (7a) 
Item (76) 
Item (6) 

Item (3) 


Item (136) 
Item (12a) 
Item (126) 

[ Item (7a) 
Item (76) 
Item (6) 

Item (3) 

Fine mineral matter admixed with top coating 

Fine mineral matter admixed with bottom coating 

Bilumirwus yi alter: 


Saturant of the felt 

Fibrous Xfatter: 

of+fir /Homo tiirfii ion 


Sum 
(Item 1) 
Item (2) 
AVeight 

Sum 
Item (1) 
Item (2) 
SVeight 

i.\vv iiiuvv 1 1 p • 



lucKing jiiaicniii| iiaiis n-iiu 

Sum 

Item (4) 

Sum 

Item. (4) 

Per Cent Ash: • 


1 1 


If desired, the results may also be expressed in % by weight. 
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PART IV 

EXAMINATION OF BITUMINOUS-SOLVENT COMPOSITIONS 

{A) PHYSICAL TESTS OF FINISHED PRODUCT 

The following tests have been proposed, concerning which the particulars 
will be found elsewhere. 

Specific Gravity. 

Viscosity, 

Plasticity and Mobility, 

Flash-point. 

Spreading Capacity and Workability. 

Draining Test. 

Time of Drying. 

Hiding Power. 

Color. 

Gloss. 

Hardness, Abrasion and Adhesion. 

Water Absorption. 

Resistance to Heat. 

Resistance to Oil. 

Resistance to Acid.s and Alkalies. 

Dielectric Strength, 


(B) SEPARATION OF FINISHED PRODUCT INTO ITS 
COMPONENT PARTS 

Estimation and Recovery of the Solvent 

Steam Distillation Method. — This ha,s been standardized as follows: The 
bituminous mixture is distilled in a current of steam, the solvent is condensed 
and separated from the water. The steam-generator shall be made of either 
metal or glass, with a capacity of from 2 to 4 liters, suitable for continued use in 
the production of steam. If of glass, it shall be fitted with two outlets witii 
suitable connections for rubber tubing. In the case of a metal generator, a 
large opening for filling and a water gage shall be additional parts of the 
apparatus. The generator shall be supplied with suitable pinch cocks or valves 
so that steam may be blown off to the atmosphere until the test is ready. The 
bath shall be of metal of sufficient capacity to ])ermit immersion of the distilling 
flask to a depth of not less than 10 cm. Heat for the steam generator shall be 
supplied by a suitable gas generator or electric hot plate. The bath may he 
heated by any convenient means. 

The distilling flask shall be a short ring-neck, round-bottom flask of lOOO-ml. 
capacity. It shall be fitted with a three-hole rubber stopper; with a steam 
distilling tube which will reach to within in. (12.7 mm.) of the bottom of the 
flask and project from the top at a convenient distance for connection to the 
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generator; a vapor outlet tube which extends from beneath the rubber stopper 
to a point sufficiently above the distilling flask that will permit convenient 
connection to the condenser; and with a thermometer. The steam tubing 
should be not less .than 2 nor more than 4 mm. in internal diameter and the 
vapor outlet tube should be not less than 5 mm. in internal diameter. 

The condenser shall consist of a (14.29 mm.) outside diameter No. 20 
Stubbs^ Gauge seamless brass tube, 22 in. (55.88 cm.) long. It shall be set 
at an angle of 75° from the perpendicular and be surrounded with a cooling 
bath 15 in. (38.1 cm.) long, approximately 4 in. (10.16 cm.) wide by 6 in. (15.24 
cm.) high. The lower end of the condenser tube shall be cut off at an acute 
angle, and curved downward for a length of 3 in. (7.62 cm.) and slightly back- 
ward so as to insure contact with the wall of the graduate at a point 1 to I3<i in. 
(2.54 to 3.18 cm.) below the top of the graduate when it is in position to receive 
the distillate. 

A separatory funnel having a capacity of not less than 500 ml should be 
provided. Accessories consist of suitable ring stands for supporting the steam 
generator, distilling flask, bath for distilling flask, separatory funnel, and a 
thermometer. 



Courtesy 

Fig. 221 “.Assembly of Distillation Apparatus. 


The apparatus shall be assembled as shown in Fig. 221. The steam- 
generator shall be filled with water and heat applied. The bath^ shall be filled 
with a high-flash-point oil and raised to approximately 140° C. (284° F.) 
Five hundred milliliters of tlie sample shall be weighed into the round-bottom 
flask. The connection shall be made from the steam-generator to the steam 
delivery tube, tlic end of which shall be within ^ in. of the bottom of the dis- 
tilling flask. The outlet from the distilling flask shall be connected to the 
condenser and the separatory funnel placed in position at the outlet of the 
condenser to receive the distiilatc. The end of the bulb of the therniorn^etcr in 
the steam-distilling flask shall be placed within 14 (^2.7 mm.) of the bottom 

of the distilling flask. i i nno 

When the temperature of the sample in the distilling flask reaches 130 C. 
the outlet of the steam generator shall be closed, thus forcing the steam to pass 
through the sample. The flow of steam shall be adjusted so that the distillate 
is collected at the rate of approximately 6 to 10 ml. per minute. The distillation 
shall be stopped when 100 ml, of the distillate contains not more than 0.5 ml. 
of solvent, as determined by measuring the amount of oil in 100 ml. of distillate. 
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When the distillation is finished, the water shall be separated from the distillate 
and the distillate measured and retained for further tests, if required by the 
specifications. 

In some cases, the distillate does not separate readily from the water, and 
this separation can be facilitated by the addition of sodium chloride, which will 
result in a sufi&cient difference in gravity to produce a clear separation of the 
two layers. 

The results shall be reported in per cent by weight or volume as required 
by the specifications, based on the weight of the sample taken. 

Note. — In the distillation of varnishes the end point differs with the various types 
and compositions. In all cases, however, the rate of distillation slows down as the end 
point is approached; and, when the end point is reached, acrolein (formed in the decom- 
position of the varnish base) is evolved and may be detected by its characteristic odor. 

In addition to the evolution of acrolein, the following phenomena are suitable indi- 
cators of end point: 

(1) When the end point of the solvent is considerably lower than the initial boiling 
point of the base, the end point of the distillation is indicated by the temperature reaching 
a maximum and then starting to fall consistently. 

(2) When the end point of the solvent and the initial boiling point of the base arc too 
close, or overlap, the above temperature drop doe.s nc)t occur. The end point of the 
distillation is then indicated by a sudden foaming up of the residual base in the distillation 
flask; or, if the distillation has been accompanied by foaming, the end point is indicated 
by a breaking of surface tension with a consequent cessation of foaming. 

The specific g^a^^ty of the volatile matter (solvent) recovered by distillation 
shall be determined in accordance with the procedure tlescribetl below’. 

The difference between 1(X)% and the percentage of non-volatile matter 
determined above shall be calculated and recorded a.s the percentage of volatile 
matter by weight. 

The percentage of volatile matter by volume shall be calculated from the 
formula: 


AC 



where 

x = the percentage of volatile matter by volume; 

A =the specific gravity of the original varnish; 

B = the specific gravity of the volatile matter (solvent) recovered by 
distillation, 

C = the percentage of volatile matter by w’eight. 

With proper care and attention to detail in making this test, differences 
occurring V>etween different laboratories should not exceed 2% for varni.shes 
containing solvents which have end points not over 235® C. (455® F.), and 
should not exceed 4% when the end point of the solvent is as high as 307.2° C. 
(585° F.). 

To correct the loss of distillate for water-soluble constituents, weigh out 
another 100 g. into a 250-mL flask and distil without steam over an electric 
stove. Continue the distillation until the residue in the flask reaches a tem- 
perature of 200® C, This gives somewhat lower results than the first method, 
but the distillate should be tested for water-soluble substances to correct t!ie 
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results obtained by the previous method. Turpentine dissolves to the extent 
of 0.3 g. for each 100 ml. of water condensed. 

If the residue is to be used for further examination, any water introduced 
into it by the steam distillation may be removed by distilling it twice with ten 
times weight of a mixture of 3 parts benzol and 1 part alcohol. 


(C) ESTIMATION, RECOVERY AND EXAMINATION CF 
PIGMENT AND FILLER 

Dilute 100 g. of the well-mixed material with 500 ml. of benzol in an 800-mI. 
stoppered flask. Either centrifuge or let stand in a warm place until the pig- 
ment or filler has settled, then carefully decant the supernatant liquid into a 
clean flask of large capacity. The pigment or filler is shaken up with 250 ml. 
more benzol, allowed to stand in a warm place until it settles, and the super- 
natant liquid decanted into the second flask. Repeat the treatment with 
benzol until the vehicle has been completely extracted from the pigment. The 
prevention of skin formation during this process may be attained by the addi- 
tion of anti-oxidants such as phenol or hydrochinone (dissolved in ether), 
which are subsequently expelled on heating the pigment and base. The com- 
bined extracts are allowed to stand quietly to recover any pigment that may 
have been carried over with the benzol, and then carefully decanted through a 
weighed Gooch crucible provided with an asbesto.s filter. The residues in the 
flask and on the Good) crucible are washed with benzol as before, and combined 
with the balance of pigment or filler, which is then dried at 110® C. and weighed. 
The combined extracts are retained for further examination. 

The pigments or filler recovered from the previous test are subjected to a 
qualitative or quantitative analysis for purposes of identification likewise to 
granularmetric tests. 


(D) ESTIMATION, RECOVERY AND EXAMINATION 
OF THE BASE 

If no pigments or fillers are present, the base is recovered as described, and 
its percentage by weight a.scertained directly. If pigments or fillers are present, 
the combined extracts are ilistilled to a small bulk, transferred to a tared dish, 
and evaporated in an oven at 110° C. exactly to the calculated weight of the 
base, by subtracting the weights of solvent and pigment or filler from the original 
weight of material taken for examination. When oxidizable substances are 
present, the final evaporation sliould take place in an atmosphere of illuminating 
gas. 

The base will contain the bituminous constituents (with the exception of 
any "free carbon associated with coal-tar pitch, or the like, which will be 
separated with the pigments and fillers), likewise animal and vegetable oils or 
fats, resins, and metallic bases and dryers. It may be separated into its com- 
ponent parts as follows: 
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method of Analyzing the Separated Base 


Dissolve 50 K in 150 ml. benzol. Add 10 ml. dilute nitric acid (1 : 1) and boil under a reflux condenser 
and repeat if necessary until all the metals are removed. 


Benrol SoltUion; 

Distil to 100 ml. , add 300 ml. of the saponifying liquid*, boil under reflux condeiwer 
for one hour, and separate the unsaponifiahle and sapomfiable constituents as described. 

Aqueous Extract: 

Contains the 
metallic bases as 
nitrates. Kxamine 

Unsapontfiable Matter: 

Examine a small portion. If 
higher alcohols are present, sepa- 
rate the balance into: 

,Stipo«i/iaWe ^[nt^e^: 

rieparate the fatty and resin 
acids as described. 

dqiifous Ldiyt r: 

Determine per- 
centage ghcerol. 
Multiply this by 
10 to estimate 
I>er cent of vege- 
table or animal 
oils or fats (tri- 
glycerides) pr«*3- 
ent in the origi- 
nal substance. 

tlien quantitative- 
ly for lead, man- 
ganese, cobalt, 
zinc, calcium, and 
magne.siiim, 
(\.B.— The last 
three used for har- 
dening rosin. The 
meltallic dryers 
should not be 
found by ignition, 
since the lead will 
be reduced to 
metal by the or- 
ganic matter, and 
volatilized-) 

flydrocarboivs: 

Contain the 

bituminous sub- 
stances (i.c.. lis- 
phalt, coal-tar 
pitch, unsap. 
matter derived 
from fatty-acid 
pitch, etc.). 

Ilijher Aleahoh, , 
£fr..- ! 

Contain cho- 
lesterol. etc., de- 
rived from wool 
; grease, also the 
unsaponifiable 
constituents 
originally pres- 
ent in resins (4 
to S-'t ). 

Include acids 
derived from 
vegetable and 
animal oils or 
fat.s, also from , 
fatty-acid pitch 

liesin .IciiAs: 

Include acids 
derived from | 
rosin and the ! 
fossil resins. 


♦Tlie s-ponifvinff liquid shaU consist of a lO^c solution of KOII di.ssolved in equal 
parts of 95% C-HoOH or 90% benzol. 
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PART V 

EXAMINATION OF BITUMINOUS DISPERSIONS 

(A) PHYSICAL TESTS OF FINISHED PRODUCT 

Settlement Test 

The following apparatus will be required : 

(«) Cylinders . — Two glass cylinders of 500-ml capacity with pressed or 
molded glass base and cork or glass stoppers. The outside diameter shall be 
5.0 cm.dbO.5 cm. and the cylinders shall be graduated at each S-ml. interval 
to the oOO-rnl. mark. 

(5) Glass Pipette syphon, glass tube pipette, 60-ml. capacity, form 

optional. , j ■ hr 

A 500-ml. sample, representative of the emulsion, shall be placed in each of 
two glass cylinders. The cylinder shall be stoppered air-tight and stood aside 
unmolested, at laboratory air temperature for 5 days. After standing for this 
5-day period, approxiniatcly the first 55 ml. of emulsion shall be rernoved by 
means of the pipette or syphon from the top of each cylinder without disturbing 
the balance of their contents. Exactly 50 g. of each of the two samples, after 
each has been thoroughly mixed separately, shall be weighed into separate 
600-inI low-form gla.^s beakers and the asphaltic residue determined by 
evaporation at 325° F. (103° C.) for 3 hr. in the apparatus described 

After removal of tlie first sample, appro.ximately the next 390 ml. shall be 
syphoned off from each of the cylinders. The residue remaining in the cylinders 
shall be mi.xcd thoroughlv and exactly 50 g. shall be \veighed out from each of 
them and the amount of as]>haltic residue (all sediment, if any, included) shall 
be detenniricd hy evaiioratioii as described above for the two top samples. 

The numerical difference between the average percentage of asphaltic 
residue from tlic two top samples and the average percentage found in the two 
bottom samples shall be recorded - 


Demulsibility Test 

This test intliciites tlic rapiility witli which the dispersion “breaks" during 
use, and may be asccrtaine.t iu accordance with the following procedure. 

The following apparatus and reagents will be required, 

(a) Sieves.-Tlircc No. 14 sieves of the U. S. Standard Sieve Senes, of iron 
wire cloth, unframed, approximately 5-in. square. 

(b) Beakers.— Three glass beakers of 000-ml. capacity each. - 

(c) Glass Rods — Tlircc glass rods, rounded ends, approximately ig m. m 

(d) ^Burette.— A 50-ml. glass burette graduated in 0.1 ml. 

(e) Calcium Chloride Solution (0.02 N). 

The^p!“entage o" wfdufsh^ determined by distillation as described 

on p. 1593. 
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The weight of each assembly of beaker, rod and sieve shall be recorded. 
Exactly 100 g. of the emulsified asphalt shall be weighed into each of three 
600-ml. tared beakers. Over a period of approximately 2 min., 35 ml. of 0.02 N 
CaCb solution (if quick-setting emulsion is being tested) or 50 ml. of 0.10 N 
CaCb solution (if mixing type emulsion is being tested) shall be added to each 
beaker from a burette. While adding the solution of CaCb, the contents of 
the beaker shall be stirred continuously and vigorously, kneading lumps against 
the sides of the beaker to insure thorough mixing of the reagent with the •emul- 
sion. This operation shall be performed after bringing the weighed sample of 
emulsion and the reagent to the standard temperature of 77°F.±1.0°F. 
(25°C.±0.5‘^C.). 

One of the wire sieves shall be fitted over a beaker or other suitable vessel 
and the mixture of emulsion and reagent poured through the sieve. The 
beaker, containing the sample and glass rod, shall be rinsed with distilled water. 
All lumps shall be kneaded and broken up and the washing of the beaker, rod 
and sieve shall be continued until there is no longer any appreciable color im- 
parted to the wash water. After wa.shing as directed, the beaker, rod and sieve 
used in each individual test shall be placed in a drying oven and dried at 325® F. 
(163® C.) to constant weight. 

The total weight thus obtained less the total tare weight of the beaker, rod 
and sieve shall be the weight of the residue by the demulsibility test. The 
ratio of the average weight in grams from three tests of each individual sample 
of emulsified asphalt, A, to the weight in grams of residue per 100 g, of emulsion, 
By obtained in the test for residue by distillation described in Section 6 multi- 
plied by 100, shall be recorded as the percentage of demulsibility of the sample 
tested : 

Percentage Demulsibility = — X 100 

a 

Effects of Freezing 

Approximately 400 g. of the emulsion shall be placed in a clean metal con- 
tainer, such as a 1-pt. press-top tin. Tlie emulsion in the closed container 
shall be exposed to a temperature of 0® F. ( — 17.7° C.) for twelve consecutive 
hours. At the expiration of the freezing period, the emulsion shall be permitted 
to thaw by exposure of the container to the temperature of the laboratory. 

After the first operation of freezing and thawing, the procedure shall he 
repeated twice, so that the emulsion will have been subjected to three cycle.s of 
freezing and thawing. 

After the third cycle, the emulsion may be homogeneous or may have sepa- 
rated into dhstinct layers which cannot be rendered homogeneous by stirring 
at laboratory temperature. 

The result of this test shall be reported as either "Homogeneous" or 
"Broken." 

(B) SEPARATION OF THE DISPERSION INTO ITS 
COMPONENT PARTS 

The following products are likely to be present, viz.: water, ammonia, 
various chemicals, bituminous matter, animal and vegetable oils or fats, other 
forms of non-bituminous organic matter and mineral matter. 



EXAMINATION OF BITUMINOUS SUBSTANCES 1593 


DistiUfltion Residue. — The following method 
has been standardized: 

The following apparatus will be required: 

(a) hon Still . — The iron still shall be approxi- 
mately 6 by 3H in. in inside diameter with 
adjustable ring burner with holes on the inner 
periphery to fit around the outside of the still. 

Note. — A modification of this still is shown in Fig. 
222. It consists of the regular still with an expansion 
chamber superimposed thereon. Two additional ring 
burners are required, one approximately 6 in. in inside 
diameter with the holes bored on the inside periphery, 
and one approximately 2 in. in diameter with the holes 
bored on top. 

(b) Connecting Apparatus . — A connecting 
tube, tin shield, conden.ser trough, condenser 
tube and graduated cylinder, as shown in Fig. 223. 

(c) Thermometer.-' A thermometer graduated 
from 30° to 580° F. (0 to 300° C.). 

Note. — The details of the assembly of apparatus 
for the distillation test are illustrated in Fig. 223, 



Diam. 


Exactly 200 g. of a wcll-mixcd and representa- with^Badly Foamtog 
tive sample of the emulsion shall be placed in the Emulsions, 
previously weighed iron still (including lid, clamp, 

thermometer and gasket, if gasket is used). A gasket of oiled paper may be 
used between the still and its cover or the joint ground to a tight fit. The 
cover shall be clamped securely ou the still. The thermometer shall be inserted 



Pio. 223.-Apparatus Aascmbly for Distillation Test of EmulsiBed Asphalts. 
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through the small hole in the cover, using a cork stopper, so that the end of the 
bulb is 34 from the bottom of the still. The ring burner shall be placed 
around the still and the heat applied by this means to the top of the still. 
Just enough heat from a bunsen burner shall also be applied to the connecting 
tube to prevent condensation of water in this tube. 

After practically all the condensate has been renmoved from the still and 
the temperature of the residue has reached 250® F. (121® C.), the position of 
the heat from the ring burner shall be lowered to midway of the still and held 
there until the thermometer reaches 349° F. (176° C.). The burner shall then 
be rapidly lowered to within the bottom of the still and the temperature 

increased to and maintained at 500° F. (260° C.) for 15 min. This latter period 
of heating is necessary to insure a smooth homogeneous residue in the still. 
At the expiration of the heating period at the maximum temperature, the still 
and accessories shall again be weighed and the percentage residue calculated and 
reported. The cover shall then be removed from the still and suitable portions 
of the residue shall be poured immediately into suitable molds and containers 
for making the required tests. The residue in the molds and containers .shall 
be permitted to cool, uncovered, to laboratory room temperature and thereafter 
tested for specific gravity, penetration, ductility, fusing-point, solubility in 
carbon disulfide and ash. 

It should be noted that the distillation residue will carry any non-volatile 
dispersing agents present in the emulsion. 

XoTE.— When it appears impossible to distill an emulsified asphalt in the still 
described above due to excessive fo.aming of the emulsion, then the mcidificd still shown 
in Fig. 222 should l)c substituted for the still shown in Fig. 223 and the following pro- 
cedure followed: Place the 6-in. burner around the larger diameter of tlic still near its top. 
This serves as a support. Place the 4-in, burner immediately beneath tlie flare and the 
2-in. burner not les.s than 2 in. below tlic bottom. Distillation i.s started with only the 
2-in. burner lighted. Practically all of the distillate should be over in about 45 min. 
When the distillation apparently .stops, light the two larger ring burners and adjust to a 
low flame. Distillation resumes and when it stops again ituToa.^^ tlie heat by adjusting 
the flame of the 2-in. burner. When the temperature can be retul up{)n the thermometer, 
increase the rate of heating by rai.sing the flame on Ixjth the 2 and 4-in. burners ami 
bring the temper.*ture to 500° F. (2fK)°C.). If any evidence is noted of the emulsion 
beginning to foam over in the delivery tube, remove the 2-in. burner quickly and raise 
a pan (jf water .so as to immerse the still bottom to a depth of about 2 in. for a moment 
which will check the foaming. P'pon resumption of heating watch delivery tube carefully 
and repeat treatment if necessary. 

When the residue ha.s reached and remained at 500° F. (260° (1) for 15 min., proceed 
as described for the regular still. While the distillation should be completed in not Ic^s 
than 1 hr. nor more than I34 hr. from the first application of heat to the still, the maxi- 
mum stated is not mandatory as a longer time may be required in some cases to avoid 
foaming of the emulsion into the condenser. If the residue in the still prior to pouring 
the ductility and penetration specimens appears granular or heterogeneous in any way, 
stir with a spatula until the material runs fn)m the spatula in strings instead of drul^, 
and then p<mr. Should the residue then ai)pear granular and heterogeneous, the test 
shall be rejected and the di.stillation repeated as previously described wiili the cxccpticn 
that the still temperature at 500° F. (260° Cl) shall he inairilained for a longer time than 
15 min. until the desired condition of the residue is obtained. 

Water and Volatile Oils. — The following method has been standardized: 

This method of test determines water existing in a sample of bituminous 
emulsion by distilling the sample with a volatile solvent. 
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(а) The apparatus shall consist of a metal still or glass flisk, heated by 
suitable means and provided with a reflux condenser discharging into a trap 
connected to the still or flask. The trap serves to collect and measure the 
condensed water and to return the solvent to the still. 

The type of distilling apparatus used is not an essential 
feature of this method. 

(б) Metal Still. The metal still shall be a vertical 
cylindrical vessel, preferably of copper, having a faced 
flange at the top to wliich the head is tightly attached 
by means of a clamp. The head shall be of metal, pref- 
erably of brass or copper, and be provided with a tabula- 
tion 1 in. in inside diameter. 

(c) Glass Still— The glass flask shall be of the short 
neck, round-bottom type, made of well-annealed glass, 
having an approximate capacity of 500 ml. 

(d) Heat Source. — The burner used with the metal 
still shall be a ring gas burner 100 mm. (4 in.) in inside 
diameter. With the glass flask, an ordinary gas burner 
or electric heater may be used as the source of heat. 

(e) Condenser. — The condenser shall be of the water- 
cooled, reflux, glas.s-tube type, having a condenser jacket 
not less than 400 rnm. in.) in length with an inner 
tube 9.5 to 12.7 mm. to 3 2 io outside diameter. 

The end of tlic condenser to be inserted in the trap shall 
be ground off at an angle of 30® from the vertical axis of 
the condenser. 

(/} Trap. — The trap shall be made of wcll-anncaled 
glass constructed in accordance with Fig. 224, and shall 
be graduated from 0 to 25 ml, in 0.1 -ml. divisions. The 
tolerance of the graduations between 0 and 2 ml. shall be ±0.5 ml. and be- 
tween 2 and 25 ml. shall be ±0.1 ml. The outside diameters should be pref- 
erably 2.5 to 3.5 mm. to 3^^ in.) greater than the inside diameters specified. 

The solvent used when testing bituminous emulsions shall be a cOal-tar 
napiitha or a liglit oil and shall conform to the following distillation requirements: 

9S i)cr cent, .shall distil between 248° F. (120° C ) and 482° F. (250 C.) 

The samjfle shall be thoroughly representative of the material to be tested 
and the portion of the samjile used for the test shall be thoroughly representa- 
tive of the sample itself. Deviation from this requirement shall not be per- 
mitted. 

Note.— T he difficulties in obtaining proper representative samples for this deter- 
mination arc unusually great so that the importance of sampling cannot be too strongly 
emphasized. 

When the material to be tested contains less than 25% of water, exactly a 
100-g. sample shall be placed in tlie still or flask. When the material contains 
niore than 25% of water, the sample sliall be 50 g. The sample to be tested 
be thoroughly mixed with an equal volume of solvent by swirling, proper 
f^'^re being taken to avoid any loss of material, 


JnsiJe Diam. 



A - 4^5 to 55 mm 
e = 74 to 16 wm 
12 to 16 wm 
0--235 to 255 ram 
E ^ 23 to 38 mm 
F—188 fo 194 mm 
H'^ 13 to 19 mm 

Fia. 224, 
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The connections between the still or flask, trap and condenser shall be made 
by means of tight-fitting corks as shown in Fig. 210 (o) and (6). The end of 
the condenser inserted in the trap shall be adjusted to that position which will 
allow the end to be submerged to a depth of not more than 1 mm. (0.04 in.) 
below the surface of the liquid in the trap after distillation conditions have been 
established. When the metal still is used, a heavy paper gasket moistened 
with the solvent shall be inserted between the lid and flange before attaching 
the clamp. A loose cotton plug shall be inserted in the top of the condenser 
tube to prevent condensation of atmospheric moisture in the condenser tube. 

Heat shall then be applied and so regulated that the condensed distillate 
falls from the end of the condenser at the rate of from 2 to 5 drops per sec. 
The ring burner used with the metal still shall be placed about 3 in. above 
the bottom of the still at the beginning of the distillation and gradually lowered 
as the distillation proceeds. The distillation shall be continued at the specified 
rate until no water is visible on any part of the apparatus except at the bottom 
of the trap. This operation usually requires less than 1 hr. A persistent ring 
of condensed water in the condenser tube shall be removed by increasing the 
rate of distillation for a few minutes. 

The volume of condensed water measured in the trap at room temperature 
multiplied by 100 and divided by the weight of sample used, shall be the 
percentage of water and shall be reported as . . per cent water by weight.” 

The accuracy to be expected with this method is that duplicate deter- 
minations of water should not differ from each other by more than one division 
on the trap. 

The sum of the percentages of Distillation Residue and W’ater, deducted 
from 100 represents the percentage of Volatile Oils. 



CEMENT 

SPECIFICATIONS AND CHEMICAL ANALYSIS' 

The physical tests ordinarily applied to Portland cement are as follows : 

Setting time. 

Soundness. 

Tensile strength.^ 

Chemical analysis is also made, particular attention being paid to the deter- 
mination of magnesia, sulfuric anhydride, insoluble residue, and loss on ignition. 
As a general rule, however, it may be said that so far as the consumer is con- 
cerned, more attention is paid to the physical tests than to chemicab analysis. 

Standard specifications covering the requirements for cement, both chemical 
and physical, have been adopted by the American Society for Testing Materials, 
and by the U. S, Government.^ The former are generally recognized by cement 
users as the standard requirements, while the latter are used by the various 
branches of the federal government. The two sets of specification may be very 
different. 

The specifications and methods of making the chemical tests follow. 


SPECIFICATIONS * 


Definition.— Portland cement is the product obtained by finely pulverizing 
clinker produced by calcining to incipient fusion an intimate and properly 
proportioned mixture of argillaceous and calcareous materials, with no addi- 
tions subsequent to calcination excepting water and calcined or uncalcined 


gypsum. 

Chemical Limits. — The following maximum limits shall not be exceeded by 
amounts greater than the respective tolerances indicated as allowable in the 
chemical determinations: 

Limits Tolerance 


Ix)ss on ignition, % 

Insoluble residue, % S’Ja 

Sulfuric anhydride (SO 3 ), So 

Magnesia (MgO), % 5.00 0.40 

^ By W. C. Hanna, Chief Chemist and Chemical Engineer, California Portland 

Cement Co., Colton, California. . 1 n. . a i a* 

*See A. S. T. M. Metlnxl C 77-37 for the Physical Tests. 1937 Supplement to 
Book of A. S. T. M. Standards, pp. 61-73. 

« The federal specifications are is-sued by the Director of Procurement, Washin^on, 
D. C., and sold by the Superintendent of Documents, Government Printing Office, 
Washington, D. C. The specifications now in effect covering cement are as follows: 
S^-158. September 30, 1936. Cements, Hydraulic; General Specifications (Methods 
for Sampling, Inspection, and Testing). 

S^C-191a. September 30, 1936. Cement; Portland. 

SS-C-Wl. September 30, 1936. Cement; Port tend, High-Early^trength. 

Sf5-C-206. September 30, 1930. Cement; Portland, Moderate-He8t^)f-Hardemng. 

May 22, 1936. Cement; Masonry. .. n 17 

* Standard Sj^cifications for Portland Cement. A. S. T. M. Designation. C 0-37. 
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The residue on a standard No. 200 sieve shall not exceed 22% by weight. 

A pat of neat cement shall remain firm and hard, and show no signs of 
distortion, cracking, checking, or disintegration in the steam test for soundness. 

The cement shall not develop initial set in less than 45 minutes when the 
Vic at needle is used or in less than 60 minutes when the Gillmore needle is used. 
Final set shall be attained within 10 hours. 

The average tensile strength in pounds per square inch of not less than three 
standard mortar briquettes composed of one part cement and three parts 
standard sand, by weight, shall be equal to or higher than the following: 


.\ge at Test, 
Days 

Stnrape iif Hriqiiettrs 

Tensile Strerij?th, 

11). per in. 

7 

1 duv in moist air, 6 da 3 ’s in water 

275 

28 

1 dav in moist air, 27 days in water 

350 


The average tensile strength of standard mortar at 28 days shall be higher 
than the strength at 7 days. 

Packages and Marking. — The cement shall be delivered in packages as 
specified with the brand and name of the manufacturer plainly marked thereon, 
unless shipped in bulk. When shipped in bulk, this information shall be con- 
tained in the shipping advices accompanying the sliipment. A bag shall 
contain 94 lb. net. A barrel .shall contain 376 lb. net. All packages shall be 
in good condition at the time of inspection. 

The cement shall be stored in such a manner as to permit ea.sy access for 
proper inspection and identification of each shipment, and in a suitable weather- 
tight building which will protect the cement from dampnes.s. 

Inspection. — Fvery facility shall be provided the purchaser for careful 
sampling and inspection at either the mill or at the site of the work, as may be 
specified by the purchaser. At least 12 days from the time of .sampling .shall 
be allowed for the completion of the 7-day test, and at least 33 days shall be 
allowed for the completion of the 28-day test. The cement shall be tested in 
accordance with the methods hereinafter prescribed. The 28-day test need 
not be made if waived by the purchaser. 

Rejection. — The cement may be rejected if it fails to meet any of the re- 
quirements of these specifications. 

Cement remaining in storage prior to shipment for a [x^riod greater than 0 
months after completion of the tests shall be retested and shall be rejected if 
it fails to meet any of the requirements of these specifications. 

Cement failing to meet the test for soundness in steam may be accepted 
if it pa.sses a rcte.st using a new .sample at any time within 28 day.s thereafter. 
The provisional acceptance of the cement at the mill shall not deprive the 
purchaser of the right of rejection on a retest of soundness and time of setting 
at the time of delivery of cement to the purchaser. 

Packages varying more than i)% from the specified weight may be rejected ; 
and if the average weight of packages in any shipment, as shown by weighnn? 
50 packages taken at random, Ls less than that specified, the entire shipment 
may be rejected. 
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Methods of Testing. — The cement shall be sampled and tested in accord- 
ance with the Standard Methods of Sampling and Testing Portland Cement* 
(A. S. T. M. Designation: C 77) of the American Society for Testing Materials. 


STANDARD METHODS OF SAMPLING AND TESTING 
PORTLAND CEMENT^ 


A. S. T. M. Desioxation: C 77-37 ^ 


SAMPLING 


Size and Number of Samples. — L Samples for purpose of tests shall weigh 
at least 1 U>. 

2. Test sample.s shall be either individual or composite samples, as may be 
ordered, and one test sample shall represent not more than 300 bbl., unless 
otherwise specified by the purchaser. 

Methods of Sampling. — 3. When cement is sampled in cars, trucks, boats, 
warehouses, etc., one sample shall be taken from one sack in each 40 sacks (one 
sample per 10 bbl), and comijined to fortn one test sample. In the case of 
truck samples where the cement is being trucked from one mill, it is permissible 
to combine the >samples from several trucks to form a test sample representing 
not more than 300 hhL When sampling bulk shipments, representative sam- 
ples shall be taken from well distributed points. 

Sampling Bulk Storage.— 4. The cement may be sampled at bulk storage 
points by any of tlio following methods: 

(a) From the Conveyor Delivering to Storage . — At least 4 lb. of cement 
shall be taken from at least each 300 bbl passing over the conveyor. This 
may be secured by taking the entire test sample at a single operation, known 
as the “ Grab Method,'’ or by combining several portions taken at regular 
intervals, known as the “ C'omposite Method." When obtaining a composite 
.sample this shall be secured by combining approximately equal weights taken 
at regular intervals, each ])ortion representing approximately 10 bbl. Auto- 
matic samplers may be used in obtaining samples. 


Hinder the standardization procedure of the Society these methods are under the 
jurisdiction of the A. S. T, M- Committee ( -1 on Lenient. , , , , 

A Manual of Cement Testing to supplement these methods has been prepared and 
published as information; not a part of these methods, see Proceedings, Aia. hoc. Testing 

‘ m^UmdVkre ?iiuid®under the »‘“LEJof revistf t^ 

radicates the year of original adoption . is k™ Under pLsent De’signatLn, 


rSTcvHorArptSToSt;^ 

193^ Revised, 1932 1937,' Reproduced witli the permission of the American Society 
for Testing Materials, 
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(b) From Storage by Means of Proper Sampling Tubes, — Tubes inserted 
Vertically may be used for sampling cement to a maximum depth of 10 ft. 
Tubes inserted horizontally may be used where the construction of the storage 
permits. Samples shall be taken at points well distributed over the storage. 

(c) From Storage at Points of Discharge. — Sufficient cement shall be drawn 
from the discharge openings to obtain samples representative of the cement, 
a5 determined by the appearance at the discharge openings of indicators placed 
on the surface of the cement directly above these openings before the drawing 
of the cement is started. One 4-lb. sample shall be taken for at least each 
300 bbl. 

Preparation of Sample. — o. The sampling shall be done by or under the 
direction of a responsible representative of the purchaser. 

6. Samples shall be shipped and stored in moisture-proof, air-tight containers. 
Before testing, samples shall be thoroughly mixed and then passed through a 
No. 20 sieve in order to break up lumps and remove foreign materials, 

CHEMICAL ANALYSIS 7 

Number of Detenninations. — 7, (a) When cement is sampled in accordance 
with Section 3 at least one determination of loss on ignition, insoluble residue 
content and magnesia content shall be made for each 10 test samples taken, and 
at least one determination of sulfuric anhydride (SO3) content shall be made for 
each 3 test samples. In case of truck deliveries and car deliveries the sulfuric 
anhydride (SO 3) content shall be determined on each test sample. When the 
total number of test samples taken i.s less than either of the groups above speci- 
fied at least one determination shall be made for each chemical requirement. 

{b) WTien cement is sampled in accordance with Section 4 at least one 
determination of loss on ignition, insoluble re.sidue content and magnesia 
content shall be made for each 15 test samples and at least one determination 
of sulfuric anhydride (SO3) content shall l>e made for each 3 test samples; 
provided that at least one determination for each chemical requirement shall 
be made on each bin sampled. 

(c) The chemical determinations may l>e made either on composites of the 
original test samples or may be made on individual test samples selected at 
random at the option of the purchaser, 

(d) The chemical determinations shall Ixj made in accordance with the pro- 
cedure described in the following Sections 8 to 17 (Note). 

Note. — T his method of chemical analysis is not considerwl aa possessing the highes^t 
obtainable accuracy, but is an acc^tance metlwKl to Ije followed in making acceptatirc 
tests on cements covered by specifications requiring that tests be made in aecordant'c 
with the analytical procedure contained in this standard. 

Loss on Ig^tion, — 8. Heat a 1-g. sample of cement tn a w'cighed covered 
platinum crucible of 20 to 25-ml. capacity, as follows, using either Method 1 or 2 
as specified. 

(fl) Method 1. — Place the crucible in a hole in an asbestos board, clamped 
horizontally, so that about three fifths of the crucible projects below the board, 

^ This method of chemical analysis is very similar to that prepared by the National 
Bureau of Standards and ^opted by the If. S. I>epartment of the Interior, Bureau of 
Heclamation, in Specifications No. 5^. Very few revisions have been made. 
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and heat at a full red heat (900° to 1000“ C.) for 15 min.; check the losss in. 
weight by a second heating for 5 min. Take care to wipe off particles of as- 
bestos that may adhere to the crucible when withdrawn from the hole in the 
board. Greater neatness and shortening of the time of heating may be secured 
by making a hole to fit the crucible in a circular disk of sheet platinum and 
placing this disk over a somewhat larger hole in an asbestos board. 

(6) Method 2, Place the crucible in a muffle furnace at any temperature 
between 900 and 1000'’ C. for 15 min. and check the loss in weight by a second 
heating for 5 min. 

Insoluble Residue,— 9. Add 25 ml. of cold water and 5 ml. of HCl (sp.gr. 
1.19) to a 1-g. sample of cement. Heat the solution and grind the material with 
the flattened end of a glass rod until it is evident that decomposition of the 
cement is complete. Dilute the solution to 50 ml. and digest on a steam bath 
for 15 min. Filter the residue, wash six times with hot water, and digest the 
filter paper and contents in about 30 ml. of a sodium carbonate solution (5%), 
the liquid being held at a temperature just short of boiling for 15 min. Filter 
the remaining residue, wash twice with hot water, then with a few drops of hot 
diluted HCI (1 : 0), and finally eight to ten times with hot water, then ignite 
at a red heat and weigh as the insoluble residue. 

Sulfuric Anhydride. — 10. Add 25 ml. of cold water and 5 ml. of HCl (sp.gr, 
1.19) to a 1-g. sample of cement. Heat the solution and grind the material with 
tlie flattened end of a glass rod until it is evident that decomposition of the 
cement is complete. Dilute the solution to 50 ml, and digest on a steam bath 
for 15 min., filter, and wash the residue thoroughly with hot water. Dilute the 
solution to 250 mh, heat to boiling, add slowly, drop by drop from a pipette, 10 
ml. of a hot barium chloride solution (10%), and continue the boiling until the 
precipitate is well formed. Then digest the solution on the steam bath for at 
least 3 hr., preferably overnight. Filter the precipitate, wash and place the 
paper and contents in a weighed platinum crucible and slowly char and consume 
the paper without flaming. Then ignite, and weigh the barium sulfate. The 
weight obtained multiplied by 34.3 gives the percentage of sulfuric anhydride. 
The acid filtrate obtained in the determination of the insoluble residue may be 
used for the estimation of sulfuric anhydride instead of using a separate sample. 

Silica,— 11. (a) Transfer a 0.5-g. sample of the finely powdered cement to an 
evaporating dish, preferably of platinum for the sake of celerity in evaporation, 
moisten with 10 ml. of cold w'ater to prevent lumping add 6 to 10 ml. of HCl 
(sp.gr. 1.19) and digest with the aid of gentle heat and agitation until solution is 
complete. Solution may be aided by light pressure with the flattened end of a 
glass rod. Evaporate the solution to dryness on a steam bath. Treat the 
residue without further heating at first with 5 to 10 mh of HCl {sp.gr. 1.19) then 
diluting to half strength or less, or pour at once upon the residue a larger volume 
of acid of half strength. Then cover the dish and digest for 10 min. on the 
bath or a hot plate. Dilute the solution with an equal volume of hot water, 
immediately filter, and wash the separated silica thoroughly with hot water 
and reserve. Again evaporate the filtrate to dryness, baking the residue in an 
oven 1 hr. at a temperature of 105® to 110® C. Then take up the residue with 
10 to 15 ml. of diluted HCl (1:1) and heat on the bath or hot plate. Dilute 
the Solution with an equal volume of hot water and catch and wash the small 
amount of silica it contains on another filter paper. Reserve the filtrate and 
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washings. Transfer this paper and the reserved paper containing the residues 
to a weighed platinum crucible, dry, ignite first over a bunsen burner until the 
carbon of the filter paper is completely consumed without flaming and finally 
over a burner or in an electric oven at 1100° to 1200° C. until the weight remains 
constant. 

(b) Treat the silica thus obtained, which will contain small amounts of 
impurities, in the crucible with a few drops of water, about 10 ml, of HF and 
one drop of H 2 SO 4 and evaporate to dryness over a low flame. Finally, heat the 
small residue at 10 o 0 ° to 1100 ° C. for a minute or two, cool, and weigh. The 
difference between this weight and the weight previously obtained represents 
the amount of silica. Washing of the silica precipitates can be made more 
effective by using a hot solution of diluted HCl (1 : 99), and then completing 
the washing with hot water, (Consider the weighed residue, remaining after 
volatilization of the silica, as combined aluminum and ferric oxides and add it 
to the result obtained in the determination of these oxides (Section 12 ). 

Ferric Oxide and Alumina. — 12. Treat the reserved filtrate (Note 1), which 
should have a volume of about 250 ml., with HCl, if iieces.sary, to insure a total 
of 10 to 15 ml. of the acid, add a few' drops of methyl red indicator and then 
heat to boiling. Then treat with XH 40 H (Note 2), drop by drop, until one 
drop changes the color of the solution to a dLstinct yellow. Bring to boiling 
the solution containing the precipitated iron and aluminum hydroxides, boil 
for 1 or 2 min., and then filter. Wash the precipitate once by decantation and 
slightly on the filter with a hot ammonium nitrate solution (2%). Set aside 
the filtrate and transfer the precipitate and filter paper to the same beaker in 
which the first precipitation was effected. Then dissolve the iron and aluminum 
hydroxides in hot diluted HCl (1 : 3), make up the solution to about 100 ml,, 
and reprecipitate the hydroxides as in the first case. Then filter the solution 
and wash the precipitate with two lO-rnl. portions of a hot ammonium nitrate 
solution (2%). Combine the filtrate and w'ashings with that set aside and 
place the precipitate in a weighed platinum crucible, slowly heat by a bunsen 
or Meker burner until the papers are charred, and finally ignite to constant 
weight at 1050° to 1100° C. with care to prevent reduction, and weigh as 
AUOad-FesOa. 

Notes. — 1. If a platinum evaporating dish has been ased for the dehydnition of 
silica, iron may have l>ecn partially reduced. At thi.s stage, a<Jd al)out 3 ml, of satural cd 
aqueoas solution of bromine to the filtrate and Iwil the filtrate to eliminate the exce^^s 
bromine Ixtfore adding the methyl red indicator. 

2. The Nil/)!! used to precipitate the hydroxides mast he free of contamination 
with carbon dioxide. 

Ferric Oxide. — This method for determining ferric oxide is not affected hy 
any titania or vanadium oxide that may be in the cement. It is therefore 
understood that these are counted as AljO.^ in this method. If the precipita- 
tions of aluminum and iron are made as directed, little if any manganese will 
be retained in the precipitate. 

Solutions Required. — 13. The following solutions will be required: 

(fl) Stannous CMoride . — Dissolve 2 g. of the crystallized salt in four times 
its weight of a mixture of three parts of water and one of HCl (sp.gr. 1.F9- 
Add scraps of iron-free granulated tin and boil until the solution is clear. Keep 
the solution in a closed dropping bottle containing metallic tin. 
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(&) Phosphoric Acid Mixture. — Add slowly and with stirring 150 ml. of 
orthophosphoric acid (sp.gr. 1.71), and 150 ml. of H2SO4 (sp.gr. 1.84), to 500 ml, 
of water and then dilute to 1000 ml, with water and mix. 

(c) Diphenylamine Indicator, — Dissolve 1 g. of diphenylamine in 100 ml, 
of H2S04 (sp.gr. 1.84). 

(d) Standard Potassium Bichromate Sofuffon— Dissolve 2.457 g. of 
K2Cr207 in distilled water and dilute to 1 liter. Standardize again.st standard 
iron wire of known iron content in the same manner as directed for the ferric 
oxide determination in cement (Section 14), using a weight of iron wire which 
will yield a titration approximately equal to that required by the cement sample 
in question. 

Method. — 14. Add 20 ml. of cold water and 10 ml. of HCl (sp.^. 1.19) to a 
1-g. sample of cement. Heat the solution and grind the material with the 
flattened end of a glas.s rod until it is evident that decomposition of the cement 
is complete. Dilute the solution to 50 ml. and heat to boiling. Then treat 
the solution with 5 ml. of HCl (sp.gr. 1.19) and then with a solution of stannous 
chloride, added drop by drop while stirring until the solution is decolorized, 
then add one drop more. Cool the solution to room temperature, rinse the 
inside of the vessel with water and add all at once 10 ml. of a cool saturated 
solution of mercuric chloride. Then stir the solution vigorously for 1 min., 
treat with 15 ml. of phosphoric acid mixture and three drops of indicator and 
dilute to 150 ml. with cold water. Then titrate with a standard potassium 
dichromate solution having a titer no greater than 0.004 g. of TejOa. The 
end point is taken as the point when a drop causes an intense deep -blue colora- 
tion that remains unchanged on the further addition of the standard K2Cr207 
solution. 

Calcium Oxide. — 15, Add a fe^v drops of NH4OH to the combined filtrates 
obtained in the alumina and ferric oxide precipitation (Section 12) and bring 
the solution to boiling. Add to the boiling solution 25 ml. of a boiling ammo- 
nium oxalate solution (5%), the boiling being continued until the precipitated 
calcium oxalate assumes a well-defined granular form. Then allow the solution 
to stand for about 20 min. or until the j)recipitatc has settled, filter, and moder- 
ately w^ash with an ammonium oxalate solution (0.1%). Reserve the filtrate 
and washings. Place the filter paper containing the precipitate, wet, in a 
platinum crucible and burn off the paper over the small flame of a bunsen 
burner. Then ignite the precipitate until the oxalate is converted to oxide 
(Note), redissolvo in HCl and make up the solution to 100 ml. with w’‘ater. 
Add NH4OH in slight excess and bring the solution to boiling. If a small 
amount of alumina separates at this point, filter it out, 'weigh, and add the 
amount to that found in the original alumina determination (Section 12). 
Then reprecipitate the lime by ammonium oxalate, allow to stand until settled, 
filter, and W’ash, taking care to avoid an excess of the washing solution. Com- 
bine the filtrate with that already reserved. Weigh the precipitate as calcium 
oxide after ignition and blasting to constant weight in a weighed, covered 
platinum crucible. 


Note.— I f the ignited precipitate is darkly colored, it may contain an appreciable 
amount of mangane^. The contamination of the second precipitate of calcium oxalate 
by manganese should be as low as possible. The following procedure may be used to 
reduce tL contamination: odd 5 ml. of cold water cautiously to the precipitate and then 
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cautiously add 10 ml. of diluted HCl (1 ; 1 ). Heat the mixture. If the resulting solution 
is colored, digest it on the hot plate gently for 10 min. or longer until the color disappears 
or until it is apparent the color will not become lighter on further heating. After a 
little practice it is possible to dissolve hard-burnt lime in this way without explosive 
spattering. 

If the second precipitate of calcium oxalate is so fine as to cause difficulty in filtering 
or if the precipitate causes bumping, the volume of solution may be increased to 150 dr 
200 ml., instead of 100 nil. prior to precipitation. 

Magnesia. — 16. In this method for determining magnesia, most of any man- 
ganese in the cement is precipitated with the magnesium. It is understood 
in this method that manganese so precipitated shall be calculated as magnesium. 

Acidify the filtrates reserved in the determination of calcium oxide (Section 
15) with HCl and concentrate to about 150 ml. Add to this solution about 
10 ml. of diammonium phosphate solution (25 g. of the salt per 100 ml. of 
water) and boil the solution for several minutes. Then cool the solution by 
placing in a beaker of ice water. After cooling, add XH 40 H drop by drop, 
while stirring constantly, until the crystalline ammonium-magnesium ortho- 
phosphate begins to form, and then in moderate excess (5 to 10% of the volume 
of the solution), the stirring being continued for several minutes. Set the 
solution aside for at least 8 hr. in a cool atmosphere, and then filter. RedLssolve 
the precipitate thus obtained in hot diluted HCl (1 : 4), make up the solution 
to about 100 ml., add 1 ml. of the solution of diammonium phosphate, and 
NH 4 OH drop by drop, while stirring constantly until the precipitate is again 
formed as described, and the ammonia is in moderate excess. Then cool, 
allow to stand for about 2 hr., filter, and wash with tw'o 10 -ml. portions of wash 
solution (200 ml. of concentrated NH 40 H, 100 g, of ammonium nitrate, and 
800 ml. of water), place in a weighed platinum crucible, slowly char the paper, 
and carefully bum off the resulting carbon. Ignite the precipitate at a tem- 
perature between 1100° and 1200° C. to constant weight, taking care to avoid 
bringing the pyrophosphate to melting. The weight of magne.sium pyro- 
phosphate obtained multiplied by 72.4 gives the percentage of magnesia. 

Blank Determination. — 17. Make a blank determination for sulfuric an- 
hydride, silica, ferric oxide and alumina, ferric oxide, calcium oxide, and 
magnesia, using the .same procedures as outlined in Scction.s 8 to 16, and using 
approximately the same amounts of reagents. Correct accordingly the results 
previou.sly determined. 

Balances. — 18. The balances used in the chemical determinations shall con- 
form to the following requirements: 

(а) Capacity not les.s than 100 g. in each pan; 

( б ) The two arms of l)eam to be equal to within one part in 100,000; 

(c) Capable of reproducing results within 0,1 mg.; 

(d) “ Semsibility reciprocal " " not more than 0.2 rng. per division of the 
graduated scale. 

^ • The seiLsibility reciprocal i.s a measure of the sensitivity of a balance, and is jh® 
wei^t required to move the p<wition of equilibrium of the beam, pan, pointed, or other 
indicating device of a scale a definite amount at the capacity or at any lesser Ic^. 1'®*^ 
a complete definition of sensibility reciprocal, see Bureau of StandarcU Haridbook, m 

pp. 80-82. 



CEMENT 


1605 


{e) The weights used in the chemical determinations shall conform to the 
requirements of the National Bureau of Standards specifications for Class 
S weights as contained in Bureau of Standards Circular No. 3. 


TENTATIVE METHOD OF CHEMICAL ANALYSIS OF 
PORTLAND CEMENT « 


A. S. T. M. Designation: G 114-37 T 


METHOD A. ACID-ALKALI METHOD FOR RAPID 
DETERMINATION OF MAGNESIA 


Solutions Required. — 1. The following solutions will be required: 

(а) Triniitohenzene Indicator . — Dissolve 1.0 g. of C.P. 1-3-5 trinitro- 
benzene in 100 ml. of ethyl alcohol (95 to 100%). 

(б) Phenolphthalein Md/cc/or,— Dissolve 0.4 g. of C.P. phenolphthalein in 
100 ml. of ethyl alcohol (50%). 

(c) Standard Sodium Hifdr oxide Solution . — Dissolve 13.0 g, of sodium hy- 
droxide in water, add 10 ml. of a freshly filtered saturated barium hydrojdde 
solution, and dilute to 1 liter with distilled water which has been recently boiled 
and cooled. Shake the solution from time to time for several hours, and filter 
into a tubulature bottle fitted with an automatic burette. Protect the solution 
from carbon dioxide in the air, with soda-lime tubes at the top of the bottle 


and the burette. j j- j 

The solution as prepared is approximately N, and shall be standardized 
against acid potassium phthalate or benzoic acid acidimetric standards fur- 
nished by the National Bureau of Standards (Standard Samples Nos, 84 and 
39), using £he methods in tlie certificates accompanying the standard samples. 
The exact normality of tlie solution shall be determined, and its MgO equivalent 
calculated on the basis that 1 ml. of a normal solution is equivalent to 0.02016 g. 


{d) Standard Acid Sofufion.— Dilute 32.0 ml. of HCl (sp.gr. 1.19) or 
26.0 ml. of HNO3 (sp.gr. 1.42) to 1 liter with distilled water. This solution 


» Under the standardization procedure of the Society, this method is under the 

annual revision. Suggestions for revision should be 
the Society, 260 S. Broad St., Philadelphia, Pa. 

Peproduceci with the permission of the ^nbUsW bv Fred P 

“ This nrorpdure is a modification of the method originally published by r. 

coonerRtiftn with thp Wnrhinir Committee on Methods of t^heimcal Analysis 01 v^emeiw 
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will be slightly in excess of N, and shall be standardized against the standard 
sodium hydroxide solution, using phcnolphthalein indicator, and adjusted by 
dilution until the two solutions are of equal strength. 

(e) Potassium Iodide — Starch Paper . — Mix equal volumes of a 5% potas- 
sium iodide solution and a 1% soluble starch solution, and dip strips of filter 
paper into the mixture. 

Method. — 2. {a) To 5.0 g. of cement in a 600-ml. beaker shall be added 
about 50 ml. of water and 50 ml. of HCl (1 : 1), and the solution boiled until the 
cement is completely in solution, excepting possibly some silica which may 
separate out (Xote 1). Then 5 ml. of saturated bromine w'ater shall be added 
and the boiling continued until the exce.ss bromine is completely expelled, as 
indicated by the absence of a blue coloration on potassium iodide-starch paper 
when held in the issuing steam. The solution shall then be diluted to about 
250 ml. with hot water and a 20% solution of sodium hydroxide added to the 
boiling solution from a pipette, until the excess acid is neutralized and a per- 
manent precipitate just forms. Then, continuing the boiling, HCl (1:1) 
shall be carefully added from a pipette until the precipitate dissolves and the 
solution assumes a yellow ferric chloride color, avoiding much excess acid. 
The sides of the beaker shall be washed down with hot water and the boiling 
continued for a minute or two, and then the beaker shall be removed from the 
burner. 

(6) To the solution shall be cautiously added 4.0 g. of calcium carbonate 
(weighed to the nearest 0.1 g.). Thi.s amount should be suflicieiit to completely 
neutralize the acid, with some excess. The solution shall then bo diluted to 
about 400 ml. with hot water and boiled vigorously for 10 min. The solution 
shall be removed from the burner, and a 0.5% potassium permanganate .solution 
carefully added to the hot solution from a burette, with vigorous stirring, until 
the supernatant liquid shows a faint pink color after settling for a moment. 
Avoid use of more permanganate than necessary to produce a faint i>ink color. 
Then the boiling shall be continued for 2 min., 2.0 ml. of ethyl alcohol added, 
and the boiling continued for a few minutes or until the pink color has disap- 
peared (Note 2). 

{c) The contents of the beaker shall then be transferred to a 500-ml. 
volumetric flask, cooled to room temi>erature, diluted to the mark, and inixcfl 
by shaking. The solution shall be filtered through a dry jiaj)er, and after 
discarding the first 10 or 20 ml. of filtrate, 200 ml. of the filtrate shall be trans- 
ferred with a pipette to a oOO-ml. Krlenmeyer flask. The solution 'in the flask 
ehatl Be heated to boiling, and 3.0 ml. of trinitrobenzene indicator added. 
Then standard sodium hydroxide sloution shall be added 1.0 ml. at a lime with 
intermittent boiling for a few seconds, until the inagne.siurn i.s completely pre- 
ci])itated and a definite pink color persists on boiling. The total amount uf 
alkali used shall be recorded (Xote 3). 

id) The solution shall be transferred to a 250-ml. volumetric flask, cooled 
• to room temperature, diluted to the mark, and mixed by shaking. The solution 
shall be filtered through a dry pai)er, into a graduated cylinder, di.scarding the 
first 10 or 20 ml. of filtrate, until 125 ml. of filtrate are secured. The 125 ml. 
of filtrate shall be transferred to a flask, a few drops of phcnolphthalein indi- 
cator added, and the .solution titrated with standard acid solution to the disn|)’ 
pearance of the pink color. 
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(e) Calculation. — If the acid and alkali solutions are of equal strength, 
the quantity of alkali in milliliters minus twice the quantity of acid in milliliters 
is equivalent to the MgO in a 2-g. sample : 

MgO, per cent = ^ equivalent of 1 ml. standard alkali, 

where a = the quantity of standard alkali in milliliters; 
h = the quantity of standard acid in milliliters. 

(/) Blank Determination. — A blank determination shall be made, using 
the same procedure as outlined above, and using approximately the same 
amounts of reagents. The titration results shall be corrected accordingly, 

Notes. — 1. Some samples of cement, particularly those containing considerable iron 
or manganese, may require longer boiling or the addition of slightly more HCl to effect 
complete solution. 

2. The purpose of the addition of p^jtassium permanganate is to remove manganese 
from the sample, which otlierwise would be precipitated and reported as MgO. The 
permanganate in a hot solution oxidizes the manganese to insoluble MnOg and is itself 
reduced to MnOj. The ethyl alcohol precipitates the excess permanganate. In samples 
containing little or no manganese, this portion of tlie procedure may be omitted. 

3 Enougli standard alkali should be added to completely precipitate the magnesium 
without too large an excess which might cause some precipitation of calcium. A guide 
to proper procL'durc is tho tiniount of burrk titration with Bcid^ which should bo held 
between 1,0 and 2.0 ml. (after being doubled). A little experience with the color change 
of the trinitrobenzene indicator will enable the operator to hold the back titration be- 
tween lhe.se limits. 


METHOD H. RAPID DETERMINATION OF MAGNESIA BY 
TITRATION OF M AGNESI U^I OXYQUINOLATE 

Solutions Required, — ^3. The following solutions will be required.^ 

(a) S-Hydroxyquinoline Dissolve 25 g. of 8-hydroxyquinoline m 

60 ml. of glacial acetic acid. When the solution is complete dilute to 2 liters 
with cold water. One milliliter of this solution is equivalent to 0.0016 g. of 

' ^(h) Sodium Thiosulfate Solution (OJ N) “Dissolve 25 g. of NaoSsOa-hHgO 
in 200 ml. of water and dilute to 1 liter. Standardize this solution either on 
sodium oxalate through a permanganate solution, or on arsenious oxide through 
a solution of rcsublimed iodine. Standard Samples ^as, 40 and 83, of the 

"This procedure is a modification of tlie 

C A t tTi M revised procedure differs fronr the 

atd™ S::iVof :;VeTff (2)'lhru„Z reagent and 

sr'itrilltSS 

magnesia content of any cement might be determined rap y Y 
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National Bureau of Standards are convenient for this purpose. One milliliter 
of exactly 0.1 N sodium thiosulfate solution is equivalent to 0.000504 g. of MgO. 

(c) Potassium Bromate — Potassium Bromide Solution {0,2 N). — Dissolve 
20 g. of KBr and 5.57 g. of KBrOa in 200 ml. of water and dilute to 1 liter. 
Obtain the ratio of this solution to the standard sodium thiosulfate solution as 
follows: To 200 ml. of water in a 400~ml. beaker add exactly 25 ml, of bromate 
solution. Add 20 ml. of HCl (sp.gr. 1.19), stir, and add immediately 10 ml. 
of KI solution. Mix well and titrate at once with the sodium thiosulfate 
solution until nearly colorless. Add 2 ml. of starch solution, and titrate to the 
disappearance of the blue color. 

(d) Potassium Iodide Solution {25%). — Dissolve 25 g. of KI in 100 ml, of 
water. 

(c) Starch Solution. — To 500 ml. of boiling water add a cold suspension 
of 5 g. of soluble starch in 25 ml. of water, cool, add a cool solution of 5 g. of 
NaOH in 50 ml. of water, add 15 g. of KI and mix thoroughly. 

Method.' — 4. (a) To a 0.500-g. .sample of cement in a 400-ml, beaker shall be 
added 10 ml. of water and 10 ml. of HCl (sp.gr. 1.19). This shall be heated 
gently and any coarse particles ground with the flattened end of a glass rod 
until decomposition i.s complete. Hot water .shall then be added to make a 
total volume of 100 ml. 

{h) Three drops of methyl red (0.02 alcoholic solution) shall he added to 
the solution and then XH4OH (sp.gr. 0.90) added until the solution is distinctly 
yellow. This solution shall then be heated to boiling and boiled for 1 to 2 min., 
then removed from the hot plate and allowed to stand until the precipitate has 
settled. The solution shall then be filtered without delay and the precipitate 
w'ashed twice with a hot solution (2%) of ammonium chloride. The precipitate 
shall then be transferred with the filter paper to the beaker and dissolved in 
10 ml. of HCl (I : 1). Thi.s .shall be diluted to about 100 ml. and heated to 
boiling. The hydrates shall then be reprecipitated, filtered, and wa.shed as 
above. To the filtrate shall l)e added 1 ml. of XH4OH (sp.gr. 0.90). The 
filtrate shall then he heated to huiling and while boiling 25 ml, of a hot solution 
(4%) of (XH4)2C204- IHO shall be added and the boiling continued for 2 min. 
The digestion shall l>e continued on tlie steam bath for 10 to 15 min. 

(r.) The solution shall be cooled to 70° C. and 10 to 25 ml. of the 8-hydroxy- 
quinoline reagent added (Note 1) and then 4 ml. of XH4OII (sp.gr. 0.90) 
added per 100 ml. of solution. The solution shall be stirred on a mechanical 
stirring machine for 15 min. and set aside until the precipitate has .settled 
(Note 2). The solution .shall then be filtered and the precipitate washed with 
hot dilute XlIjOH (1 : 40). The precipitate shall then he dissolved in 50 to 
75 ml. of the IkjI dilute HCl (1 : 9), the resulting solution diluted to 200 nil. 
and then 15 ml. of HCl (sp.gr. 1.19) added. The solution shall then be cooled 
to 25® C. and 10 to 35 ml. of standard bromate solution (Note 3) added from 
a pipette. The solution shall then be stirred and allowed to stand for abfiut 
30 sec. to insure complete bromination. To this solution shall then be added 
10 ml. of the KI solution. The resulting solution shall be stirred well and then 
titrated with the standard sodium thiosulfate solution until the color of the 
iodine becomes faintly yellow. At this point 2 ml. of the starch solution sh&H 
be added and the solution titrated to the disappearance of the blue color. 
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(d) Calculation. — The percentage of magnesia in a 0,5-g. sample may be 
calculated as follows : 


Percentage of MgO = [(5“C)Xil] X200, 

where A — the weight of MgO in grams per milliliter of standard sodium thio- 
sulfate solution ; 

J? = milliliters of standard sodium thiosulfate solution equivalent to 
25 ml. of standard bromate solution, and 
C = milliliters of sodium thiosulfate solution required in the titration. 


(e) Blank Determination, — A blank determination shall be made, using the 
same procedure as outlined above, and using approximately the same amounts 
of reagents- The titration results shall be corrected accordingly. 


Notes. — 1. An excess of the 8-hydroxyquinoline reagent should be used. If it is 
small, the result of the determination of magnesia may be low; on the other hand, if 
large,’ the result may be high. The following guide may be used: 


Approximate Content of 
Magnesia, '-'/o 

0 to i.r> 

1.5 to 3.0 

3,0 to 4. 5 

4.5 to 6.0 


Approximate Amount of 
Reagent Required, ml. 

10 

15 

20 

25 


2. The precipitate should be filtered within an hour. Prolonged standing may cause 
amount of the .standard bromate solution used may be as follows: 


Approximate Content of 
Magnesia, % 

0 to 1 

1 to 2 

2 to 3 

3 to 4 

4 to 5 

5 to 6 


Amount of Standard 
Bromate Solution, ml. 

10 

15 

20 

25 

30 

35 


Phosphorus 

Special Solutions Required: 5. (fl) Ammonium Molybdale.-T>issolve 100 g. 
of molybdic acid (85% MoO,) in a mixture of 400 ml. of water 100^^ of 
NH,OH (sp.gr. 0.90) and cool the solution to room temperature, mde stirring 
constantly, pour this solution very slowly into a cooled mixture of 5W ml. of 
water and 400 ml. of HNO, (sp.gr. 1.42). No permanent precipitate should 
form, which does not redissolve with ^tjrriiig. Add drop of a saturated 
solution of sodium-ammonium phosphate (NaMUHPOi) to the “1^“- 
it thoroughly, and allow it to stand at least 24 hr. before use. Filter portions 

of the solution as needed. r dtt j i 

(6) Magnesia Mixture— Dissolve 50 g. of MgClr6H,() a^d 100 g rf 
NH.CI in 500 ml. of water. Make the solution slight^ alkaline with NH,OH 
and allow it to stand at least 12 hr. Filter the solution, acidify it with HCl 

"'''ftocedwe.^ Weigh a 1 to 3-g. sample of cement ^ote) into a 2^ml. 

beaker. Treat the cement with 50 to 75 ml, of water and then with 10 to 15 ml. 
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of HXO3 (sp.gr. 1.42). Boil the mixture until the solution is as complete as 
possible. If the cement contains an appreciable amount of manganese as 
shown by the presence of a red or brown residue, add a few milliliters of a 
potassium nitrite solution (5%) to aid in the solution. Boil the solution until 
all nitrous fumes arc completely expelled, taking care not to allow the volume 
of the solution to become so small as to cause the precipitation of gelatinous 
silica. Filter the solution into a 500-ml. Erlcnmeyer flask and wash the residue. 
The volume of the solution should now be about loO ml. 

XoTE. — The amount of .siunple and reagents used dejx;nd on tlie content of phos- 
phorus in the cement. The minimum requirements are sulhcient if the cement contains 
P2O5 or more. The maximum amounts are required if the content of P2O5 is 0.1% 
or less. 

(h) Add 10 g. of ammonium nitrate to the solution and heat until the salt 
is dissolved. Heat the solution to 80° C. and add 50 to 100 ml. of the solution 
of ammonium molybdate. Stopper the flask and shake it vigorously for 5 min., 
then set it aside for 30 min. Filter the precii)itate, rinsing the flask five times 
and washing the filter paper eight times with a cold solution of potassium 
nitrate (1%). 

(c) Put the original flask under the funnel containing the precii>itate. Pour 
25 ml. of diluted XH,OH (1:4) over the precipitate and around the upper 
edges of the filter paper until the precipitate is entirely dissolved. Wash the 
paper three times with cold water, twice with diluted I KM (1 : 1), and finally 
three times with cold water. Acidify the solution with HCl and add to it 4 or 5 
drops of a saturated solution of citric acid to hold trace.s of iron, if any, in 
solution. Cool the solution to n;om temperature and transfer it to a 400-nil. 
beaker. The volume of the solution should now be about 150 ml. 

(d) To the solution add 25 ml. of magnesia mixture, and then while stirring 
constantly add drop by drop .50 ml. of XIHOII (sp.gr. 0.00) at such a rate that 
5 min. are required for the addition. Allow the mixture to stand 4 hr. or 
longer. Filter the preeijntate and wa.sh it a few times with diluted XH<UH 
(1 : 20). Dis.solve the precipitate into the original l)eaker by pouriiig 25 ml. 
of diluted HCl (1 : 1) on the precipitate. Wash the filter paper thoroughly 
with diluted HCl (1 : 20). With the washings and water, dilute the solution 
to 50 to 100 ml. and add to it 1 to 2 ml, of magne.sia mixture. While stirring 
con.stantly, add XH40H slowly to the solution as before. Allow the mixture 
to stand 2 hr. or longer. Filtt!r the precipitate, scrub anti rinse the l)cakfT, aiul 
wa.sh the precij)itate ten times with diluted XH4OH (I ; 20). Ignite the 
precipitate in a weighed crucible at 1 KK^ to 1200'" (h to ctm.^tuiit weiglit. Mul- 
tiply the weight td the magnesium pyroidnt.sphate (Mg^PjO;) by 0.6379 to get 
the weight of the phosphorus in the sample as P2O5. 

(«) Blank Correction. — Make a blank determ inatittn, using the same pro- 
cedure as outlined above, and using approximately the same amount of re- 
agents. Correct the weight of magnesium pyrophosphate (MgsPjO?) ac- 
cordingly. 

(/) If a determination of phosphorus is required, the weight of the ferric 
oxide and alumina (AhOad-FcjOj) as obtained by the method described in 
Section 12 of the Standard Methods of Sampling and Testing Portland Cement 
(A. S. T. M, Designation: C' 77) of the American Society for Testing Material 
shall be corrected for the amount of the PjOj found. 
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Manganese 

Special Solutions Required: 7. (a) Standard Sodium Ar senile Solution . — 

Dissolve in 100 ml. of water 3.0 g, of NaaCOs and then 0.9008 g. of As^Og, 
heating the mixture until the solution is as complete as possible. If the solution 
is not clear or coritain.s a residue, filter the solution. Cool it to room tempera- 
ture, transfer it to a volumetric flask, and dilute it to 1 liter. Each milliliter 
of this solution is approximately equivalent to 0.003 g. of Mn203. 

(6) Dissolve 0.58 g. of KMn04 in 1 liter of water and standardize it against 
0.0300 g, of sodium oxalate oxidimetric standard furnished by the National 
Bureau of Standards (Standard Samjde No. 40) according to the directions 
furnished with the sodium oxalate. Put 30.0 ml. of the KMn04 solution in a 
250-mI. Erlenmeyer flask. Add 60 ml. of diluted HNO3 (1:4) and 10 ml. of 
a potassium nitrite solution (5%) to the flask. Boil the solution until the 
nitrous acid is completely expelled. Cool the solution and add sodium bis- 
muthate and finish by titrating with the standard solution of As^Os in the 
manner described below for the determination of manganese of cement. 

(c) The value of the standard solution of AS2O3 in terms of Mn203 is: 

0.03X0.236X30 
aX6 ’ 


where « = the number of milliliters of the solution of KMn04 required by 
0.0300 g. of Na^CoO^, and 

h = the number of milliliter.s of the standard solution of AS2O3 required 
by 30.0 ml. of the solution of KMnO^. 


Procedure —8. (u) Weigh a l.O to 3.0-g. sample of cement (Note 1) into a 
250-ml. beaker and treat it with 5 to 10 ml. of water and then with 60 to 75 ml. 
of diluted HNO 3 (1 : 4). Boil the mixture until the solution is as complete as 
possible. Add 10 ml. of a sodium nitrite solution (5%) to the solution and 
boil it until the nitrous acid is completely expelled (Note 2), taking care not to 
allow the volume of tlie solution to become so small as to cause the precipitation 
of a gelatinou.s silica. There m.ay be some separated silica which may be 
ignored \ but if there is still a red or brown residue, use more solution of sodium 
nitrite to effect a com])Iete decomposition and then boil again to expel the 
nitrous acid. Filter the solution into a 250-ml. Erlenmeyer flask and wash the 


filter paper with water. 

Notes.^ 1. The amount of cement taken for analysis defends on the content of 
manganese, varying from 1 g. for about 1 % of Mn20s to 3 g. for 0.25 ^ or le^ of Mn^Oa. 

2 When sodium nitrite is added, the expidsion of nitrous acid by boding must be 
complete. If any nitrous acid remains in the solution, it will react with the added sodium 
bi.smuthate and decrease its oxidizing value. If there is any manganese in the cement, 
the first small quantity of sodium bismutliate should bring out a purple color. 


(6) The solution should have a volume of 100 to 125 ml. Cool it to room 
temperature. To the solution add a total of 0.5 g. of sodium bismuthate m 
small quantities, with intermittent shaking. Aftbr the addition is comp eted 
shake the solution occasionally for 5 min. and then add to it 50 ml. of cool 
diluted HNO3 (1 *33) which has been previously boiled to expel nitrous acid. 
Filter the solution through a pad of ignited asbestos m a Gooch crucible or a 
carbon filter with the aid of suction. Wash the residue four times with the cool 
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diluted HNOs (1 ; 33). Titrate the filtrate immediately with the standard 
solution of AS 2 O 3 . The endpoint is reached when a yMlow color is obtained 
free of brown or purple tints and it does not change upon further addition of 
AS 2 O 3 . Calculate the manganese in the cement as MnaOs. 

(c) Blank Correction. — Make a blank determination, using the same pro- 
cedure as outlined above and using approximately the same amounts of reagents. 
Correct the titration results accordingly. 

(d) If a determination of manganese is required in addition to a determina- 
tion of magnesium by Section 16 of Standard Method C 77, manganese shall 
be eliminated from the combined filtrates obtained in the alumina and ferric 
oxide determination before calcium oxide is precipitated (Section 15 of Standard 
Method C 77) in the following manner: 

Acidify the combined filtrates with HCl and evaporate them to a volume of 
about 100 ml. Add 40 ml. of saturated bromine water to the hot solution and 
immediately add NH^OH until the solution is distinctly alkaline. Boil the 
solution for 5 min, or more, making certain that the solution is at all times 
distinctly alkaline. Allow the precipitate to settle, filter and wash with hot 
water. Discard the precipitate. Acidify the filtrate with HCl and boil until 
all the bromine is expelled. Make the solution alkaline with NH 40 H and 
proceed in accordance with Section 15 of Standard Method C 77, 


J. LAWRENCE SMITH’S METHOD FOR ALKALIES 

For the determination of total alkalies in hydraulic cement or clinker, weigh 
5 grams of the finely pulverized sample and mix with 1 gram NIDCl by grinding 
the two together in an agate mortar. Add 4 grams C.P. calcium carbonate 
and continue the grinding until a thorough mixture has been secured. Place 
about K of C.P. calcium carbonate in the bottom of a large fusion crucible, 
and then add the above mixture. Cover with about 3^ inch of C.P. calcium 
carbonate. 

Mount the crucible through a hole in an asbestos board about H thick, 
so that about 34 of the crucible projects above the board. Cover the 
crucible with a well-fitting cover and set a platinum crucible containing some 
water on the cover. This serves to keep the cover cool, so as to prevent loss 
of alkali by volatilization, and water should be kept in the crucible through the 
entire ignition period. Heat the crucible at a very low temperature at first, 
and gradually raise the temperature to a full Bunsen flame. This gradual 
heating should require abr^ut 1 hour, and at no time should the heating he 
strong enough so that the NH 4 CI fumes can be seen issuing from the crucil)Ie. 
Finally heat for a full hour at the full flame of the Bunsen burner. 

Remove the fusion with hot water and transfer to a 375 ml. casserole. 
low to digest for several hours with about 150 ml. of hot water. If possilAe, 
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this digestion should be carried on over night. Then boil the solution for a 
minute, allow to settle and pour the clear liquid through a 12.5 cm. paper into 
a 600-niI. beaker. If there are any lumps in the casserole, grind them with an 
agate pestle, add about 50 ml. water, and boil for a few minutes. Allow to 
settle, decant the clear liquid through the same paper, add 30 ml, water and 
bring to boiling temperature, allow to settle and decant the clear liquid through 
the same paper. Repeat this washing by decantation three times and finally 
wash the residue into the filter. Rinse the casserole thoroughly and wash the 
residue in filter once with hot water. 

Evaporate the filtrate to about 50 ml., add a few grams of solid ammonium 
carbonate and boil for a minute. Filter through an 11 cm. paper into a 250-ml. 
beaker, washing six times with cold water containing a little concentrated 
ammonia and about 10 gms. ammonium carbonate per liter. To the filtrate 
add 10 ml. saturated ammonium oxalate solution and 5 ml. l-l ammonia 
water and evaporate down to about 10 to 20 ml. Filter through a 9 cm. paper 
into a platinum dish, washing five times with hot water. Add 2 or 3 ml, 
concentrated HCl to the solution in the dish, and evaporated to dryness. 

Ignite the residue in the dish cautiously over a free flame until the fumes of 
ammonium salts are driven off and finally heat at a temperature short of dull 
redness. Cool the dish, take up the residue in about 50 ml. of hot water, add 
1.5 ml. 10% Ba Cl 2 solution. Digest on water bath for about 30 minutes, 
filter, and wash 5 times with hot water. Evaporate the filtrate to about 50 ml. 
Add 2 or 3 grams solid ammonium carbonate, boil for a minute, filter, and wash 


with ammonia-carbonate wash water. 

To the filtrate add half a gram solid ammonium carbonate, 2 ml. saturated 
ammonium oxalate solution and a few ml. or 1-1 ammonia water. ^ Evaporate 
the solution down to about 10 ml. and filter through a 9 cm. paper into a clean 
platinum dish, washing 5 times with hot water. Add 1 ml. concentrated HCl 
and evaporate to dryness. Heat at a temperature short of dull redness until 
all ammonium salts arc driven off, cool in a dessicator, and weigh. After 
weighing, dissolve the salts in about 50 ml. hot water, and filter through a 9 cm. 
paper into a 150 ml. beaker. Wash the paper 5 times with hot water, and t en 
place it in the platinum dish. Ignite until the paper is consumed, coob and 
weigh. The difference between these two weights gives the weight of the 
alkalies as sodium and potassium chlorides. 

To the solution in the 150-ml. beaker add a few ml. of 1-1 HCl evap- 
orate to 10 mi. Then add 6 ml. of platinum solution contaimng 5 g, HaPtUs- 
6H2O per 100 ml. for every 0.10 gms. of mixed chlorides weighed, and 3 ml. m 
excess. Evaporate on a water bath to a thick syrup. Carry this evaporation 
as far as possible without .allowing the solution to go to dryness. sy™Py , 

solution should soliilify on cooling. Then add about 100 ml. of 85% ethyl 
alcohol, stirring the solution thoroughly. The potash in the sample will now 
be precipitated as yellow potassium platinic chloride, while the sodium is in 


Allow the precipitate to settle and filter the clear liquid through a weighed 
Gooch orucibll Wash the precipitate in the beaker 5 times by decantat on 
with 80% ethyl alcohol. Transfer the precipitate to the crucible with the 
alcohol and scrub the beaker. Wash the crucible and precipitate 6 times with 
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the alcohol. Dry the crucible for several hours at 105° C., cool, and weigh 
as potassium platinic chloride (KaPtCU). 

Calculate the K 2 O and Na20 in the sample as follows: 

Weight K 2 PtCl 6 XO. 1938 = weight K 2 O, 

W'eight K.PtCUX 0.3007 -weight KCl, 

Weight mixed chlorides — weight KCl = weight NaCl, 

Weight XaClXO.5303 -weight Na20, 

Make a blank determination, using the same procedure as outlined above 
and using approximately the same amounts of reagents and correct the deter- 
mination of alkalies accordingly. 


RAPID METHOD FOR CHEMICAL ANALYSIS OF 
PORTLAND CEMENT 

Before submitting the cement to a chemical analysis it .should be passed 
through a No. 50 test sieve to free it from pieces of clinker too large to be quickly 
decomposed by acid. 

Silica. — Weigh 0.5 gram of cement into a tall form 200-ml. beaker, add 
12 to 15 ml, of b0% perchbmic acid and cover with a watch gla.'^s. Boil the 
mixture until the dense white fumes in the l)eaker clear up and tlie acid refluxes 
down the sides of the beaker for about ten minutes. Take care not to allow 
the mi.xture to evaporate to drynes.s as it may not be possible to free the silica 
from dehydrated impurities. Take care not to allow hot concentrated i)er- 
chloric acid to come in contact with organic matter as such a contact may 
result in an explosion. Allow the mixture to cool to room temperature. Wash 
the watch gla.ss and the .side.s of the beaker with hot water increasing the volume 
of the mixture to about .50 ml. and add 5 ml. hydrochloric acid, .specific gravity 
1.19. Boil the mixture for one or two minutes. Filter the residue and wiusli it, 
twice with hot dilute hydrochloric acid (1 : 20) and then with hot water. 
Reserv'e the filtrate for the determination of ferric oxide and alumina. Ignite 
the residue in a tared platinum crucible, at first slowly with lid on until the 
paper is well charred, then more strongly until the residue is white, and finnily 
at 1000-1100'' C. for 45 minutes. Weigh as Si02. 

Ferric Oxide and Alumina. — Follow the A. S. T. M. Standard Method C 77, 
page 1602. 

Calcium Oxide. — To the filtrate (volume 300 to 400 ml.) add 2 or 3 ml- 
ammonium hydroxide, specific gravity 0.90. Put in a rubber-tipi>ed stirring 
rod to prevent bumping. Bring the solution to a boil and, keeping the boiling 
up, add slowly 25 ml. of a boiling 5% solution of ammonium oxalate. Continue 

”Sce also “A Rapid Method for the Determination of Silica in Portland Cemcnb 
Earl E. Maezkowski, J. of Res. of the National Bur. of Standards, 16, No. 6, June 19-w' 
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the boiling for 5 to 10 minutes and then allow the mixture to stand for 15 to 20 
minutes. Filter, receiving the filtrate in a 600-ml. beaker. Wash the pre- 
cipitated calciuni oxalate eight or ten times with hot water. Reserve the 
filtrate and wa.shings for the determination, of magnesia. Wash the precipitate 
back into the original beaker. Add about 250 ml. of hot water and 20 ml. of 
sulfuric acid (1 : 1).^ Heat the solution just short of boiling and titrate it 
with standard potassium permanganate solution, adding the filter paper when 
the titration is nearly completed. Calculate the per cent of CaO in the sample. 

Potassium Permanganate Solution.— Make up the solution on the basis of 
5.634 grams to one liter and standardize it with National Bureau of Standards 
Standard Sample of Sodium Oxalate or with high grade sodium oxalate specially 
made by chemical manufacturers for this purpose. The latter is more eco- 
nomical but should be checked with a sample from the National Bureau of 
Standards. Dissolve 0.7500 gram of sodium oxalate in 250 ml. of hot water 
and add 20 ml. of sulfuric acid (1 : 1). Heat the solution just short of boiling 
and titrate it with the j)crmanganate solution. If the reading is 62.8 ml., the 
standard solution is exactly of the required strength and a reading in analysis 
gives directly the jjercentage of calcium oxide in a half gram sample. If the 
reading in standardization is not 62.8, it is more satisfactory to use a table of 
corrections than to attempt to adjust the strength of the solution because the 
solution deteriorates rapidly and forms a sediment of manganese dioxide. 
The percentage of calcium oxide is equal to 62.8a - h 5 where a is the reading in 
analysis and s is the reading in standardization. 

Magnesia. — Acidify the filtrate with hydrochloric acid and boil it down to 
about 250 ml. When the solution is cooled to room temperature, add 30 ml. 
5% solution of sodium ammonium phosphate and 30 ml. of concentrated 
ammonia water. Stir the mixture vigorously until a crystalline precipitate is 
formed. Stand the mixture several hours, preferably overnight. Filter the 
precipitate and wash it with 5% ammonia water. Ignite it in a tared crucible, 
at first slowly until the paper is burned olT and then at 1000-1100 C. for 30 
to 45 minutes. Weigh as and calculate the percentage of MgO in 

the sample. 

Other Components. — Use the A. S. T. M. Standard Method C 77 and 
Tentative Method (' 114 whicli may be modified in order to gain specd.^^ 


Note.— This method in principle is similar to methods generally used by cement 
plant laboratories for routine work. Tlie rapid methods give fairly accurate results 
anti serve their purrKiso well, (‘specially when they are occasionally checked against the 
oflicial methods of tl.e A. S. T. M. The use of pcrdiloric add for the dehydration iif 
silica was first proposed by Willard and Cake, J. Am. Chem. Soc., 42, 2208 (1920), and 
has be(;n improved for use on cement by numerous analysts. 

“ See also; “Determination of Sulfuric Anhydride in Portland Cement by Means of 
the WaKiier Turbidimeter,” Robert B. Rudy, J. Res. NationM Bur of Standards, 16 
N'O. 6, June 1936 “Determination of Sulfur Ociumng as Sulfide m Portland Cement, 
Harry A. Bright, J. Res. National Bur. of Standards, 16, No. 2, iebruary 1937. 
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RAPID METHOD FOR THE DETERMINATION OF CARBONATES IN 
RAW MATERIALS 

Weigh out 0,500 gram of very finely ground sample into a 500-ml. Erlen- 
meyer flask. Add 60 ml. of 0.200 N hydrochloric acid and boil for about 5 
minutes, using a reflux condenser to prevent the loss of acid. Wash the con- 
denser down and cool the flask in a stream of cold water. Add a few drops of 
0.5% phenolphthalein indicator and titrate with 0.200 N sodium hydroxide 
solution to the first pink coloration which may be momentary. Shake the 
flask vigorously during the titration and add the last portion of the alkali 
dropwise. Add x ml. excess of sodium hydroxide. If the content of magne- 
sium is high and the red color fades rapidly, it may be necessary to add the 
excess alkali in several small amounts with boiling between additions until a 
permanent red color is obtained. See below in regard to the required amount of 
X, Call the total volume of sodium hydroxide s. Transfer the contents of the 
flask to a 200-ml. test tube, add the rinsings, and bring the volume to 100 ml. 
Heat the mixture to boiling and then allow it to stand until the precipitated 
magnesium hydroxide settles. If the precipitate is large, it may be necessary 
to filter it on a dry filter pa|>er. Draw 50 ml. of the clear solution with a 
pipette. Put it in the original flask and titrate with the standard hydrochloric 
acid to the disappearance of the red color. Call the volume of acid used in this 
back titration h. 

On the assumption that all the calcium and magnesium in the sample 
exist as carbonates, values are calculated thus: 

% MgC03=1.68 {x-2h), 

% CaCOa =2.0 (604-2/i-s). 

This assumption is applicable to high grade limestone but is in general not 
so to raw mix used in cement manufacture on account of the insoluble silicates 
of calcium and magnesium. In the ca.se of raw mix the factors should be 
greater than 1.68 and 2.0 and may be established by an accurate determination 
of total magnesium and total calcium in a standard sample of raw mix. The 
factors may be calculated thus : 

T- 1 Mg a.s MgCOs 

Factor for MgCOa = , 

X 2/i 

Factor for CaCOa = n — * 

60 + — s 

A factor thus obtained is valid only if the raw mix in analysi-s is siinil'^r 
to the standard sample of raw mix. If the composition of raw mix varies, 
total magnesium and total calcium should be determined from time to time 
and the factors be changed accordingly. 

If the content of magne.sia is con.sistently much lower than the limit slIo"C<l 
by specifications, the determination of magnesium carbonate may be omitted. 
Stop the determinatioii of calcium carbonate at the appearance of the first pink 
coloration, x and h will be zero in the formulae given above for calcium car* 
bonate. When magnesium carbonate is determined, its content decides the 
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amount of excess sodium hydroxide, a;, to be used. It should be so as to make 
h equal to 0.2 to 0.5 ml. If insufficient sodium hydroxide is used magnesium 
may not be completely precipitated. If too much is used, calcium may be 
partially precipitated with magnesium hydroxide. 

Note. — This method has been in common use for about thirty years. 


ANALYSIS OF LIMESTONE, LIME, RAW MIX, ETC. 


If the ratio of lime to silica, alumina, and ferric oxide in a sample is equal 
to about two or greater, it is convenient to make a sinter in a 10 ml. platinum 
crucible at about 1300® C. for analysis. A blast lamp with illuminating gas 
and compressed air is good. If properly made the sinter is easy to remove from 
the crucible. If a little material adheres to the bottom of the crucible, it may 
be removed with a few drops of hydrochloric acid. The sinter may be dis- 
solved in acid and analyzed like Portland cement. 

If the ratio of lime to silica, alumina and ferric oxide is much less than two, 
the mixture is liable to fuse and such a fusion is very difficult to remove. _ To 
overcome this danger, it is practical to add a little chemically pure calcium 
carbonate to the mixture before the ignition. Its exact weight should be 
known only when a determination of calcium is involved. 

The determination of ferric oxide may be high due to platinum dissolved 
from the crucible. The presence of platinum may be recognized when stannous 
chloride is added to reduce ferric ions. Platinum will cause the colorless solu- 
tion to turn yellow in a few minutes. To eliminate platinum, first remove 
silica either by boiling with perchloric acid as in the method for the rapid 
analysis of Portland cement, or by a single evaporation in hydrochloric acid to 
dryness. Then precipitate ferric oxide and alumina once with ammoma and 
dissolve the precipitate in. hydrochloric acid after it is thoroughly washed 
with hot water. Then follow the usual procedure, starting with stannous 


chloride. ^ i v * 

This method of decomposition may also be applied to silicate rocks when 
only an approximate analysis is desired. It is necessary to decrease the weight 
of sample to about 0.2 gram and to use about one gram of pure calcium car- 
bonate. A good sinter may also be obtained by the ignition of a mature of 
0.5 gram of sample, 0.5 gram of calcium carbonate, and 0.5 gram of sodium 
carbonate at about 1000® C. However, the presence of sodium is undesirable 
as the precipitated calcium oxalate is contaminated by occluded sodium oxalate 
to the extent of about 0.003 gram unless the calcium oxalate is dissolved in 
acid and re-precipitated. For quick work the calcium is precipj^iated once 
and corrected for both the addition of pure calcium carbonate and the occluded 
sodium oxalate, the approximaie amount of which is known from experiments. 


Note.— T his method has been in common use for about thirty years. 
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DETERMINATION OF FREE LIME IN CEMENT 

Revised Procedtire,^^ — The determination is based on the solution of the 
uncombined lime in a hot solution of glycerol and alcohol and the subsequent 
titration of tlie dissolved lime with an alcoholic solution of ammonium acetate 
in. accordance with the reaction 

CaO+2CH3COONH4 = (CH3COO)2Ca+H20d-2NH3. 

Prepare a solution consisting of 1 part by volume of U. S. P. glycerol and 
5 parts by volume of absolute ethyl alcohol or anhydrous alcohol denatured in 
accordance with Formula 3-a or Formula 2-b of the Bureau of Internal Revenue. 
To each liter of this solution add 2 ml. of an indicator prepared by dissolving 
1 gram of phenolphthalein in 100 ml. of absolute alcohol. It is essential that 
the glycerol-alcohol solution be neutral to the indicator. If the solution is 
colorless, add a dilute alcoholic solution of sodium or potassium hydroxide 
until the pink color appears, and just remove this by a drop of an alcoholic 
solution of ammonium acetate. If the initial color is pink, ju.st remove it by 
the alcoholic solution of ammonium acetate. 

A standard alcoholic solution of ammonium acetate, approximately 0.2 N, 
is required. Dissolve 16 grams of crystalline ammonium acetate in 1 liter of 
absolute ethyl alcohol or anhydrous alcohol denatured by Formula 3-a or 
Formula 2-b. Standardize this solution by titrating against pure calcium oxide. 
The calcium oxide should be freshly prepared by calcining pure calcite or 
calcium oxalate in a platinum crucible at 900° to 1000° C. to constant weight. 
Ordinary C.P. CaO should not be used. Pulverize a few grams of the calcite 
or calcium oxalate to an impalpable powder and heat as before. Weigh about 
0.1 gram and transfer to a 200-ml. Erlenmeyer flask containing 60 ml. of the 
neutralized glycerol-alcohol solution. Disperse the calcium oxide in the solu- 
tion by shaking. Insert a water or air reflux condenser in the neck of the flask, 
and boil the mixture for 20 minutes. Then remove the condenser and imme- 
diately titrate the solution, while near boiling, with the ammonium acetate 
solution. Replace the condenser and boil the solution again for 20 minutes. 
Repeat the titrations at 20-minutc intervals. The titration is complete when 
no further color appears in the solution during continuous boiling for 1 hour. 
Then calculate the value of the solution in terms of grams of lime equivalent to 
each milliliter of ammonium acetate solution. 

Grind the cement to be tested to an impalpable powder. Weigh a 1-gram 
sample and transfer it to a 200-ml. Erlenmeyer flask containing 60 ml. of the 
glycerol -alcohol solution. Shake the flask to disperse the cement in the solution. 
Attach the reflux condenser and boil the mixture on the hot plate. Titrate, 
as in the standardization, at 20-minute intervals, until no further color appears 
after boiling for an hour. In the final titrations, if there is doubt of the exact 
end point, add a drop of indicator to the quiescent liquid in the flask, carefully 
ohserAn^ Wve po\nt at viVtch \\ wo 

appears the end point has been reached. Then calculate the uncombined Vnne 
content of the cement from the known lime value of the ammonium acetate 
solution used. 

Nottb.**— The determination cif free lime in fresh cVmkcr is RcneraHv made at ^ 
Portland cement plant for the control of the burning process. A large amount ot ir 

“ Method of W. Lerch and R. H. Bogue, Ind. Eng. Chem., Anal. Ed., 2,1^ 

Paper No. 23 of the Portland Cement Association at the National Bureau of Stanua 
By W. C. Hanna. 



CEMENT 


1619 


lime renders cement unsound. Less value is attached to the method when applied to 
aged cement because the method doe^s not differentiate between calcium oxide and cal- 
cium hydroxide. The latter results from the reaction of calcium oxide and calcium 
silicates and aluminates with atmospheric water and has no harmful effect on the proper- 
ties of cement. 

Examples of Cement 



A 


C 

D 

E 

F 

G 

// 

Si 02 

17 to 27 , 

21.16 i 

22.61 , 

20.08 i 

20.54 1 

26.66 

24.66 ; 

1 28.91 

Aua 

3 to 10 

5.65 1 

5.30 1 

6.54] 

4.75 1 

2.86 

5.00, 

1 10.96 

Fe 20 j 

! 0to7 

1 2.23: 

5.23 

2.40 

6.05 

1.76 

0.38 

1 4.68 

CaO 

57 to 70 

' 63.36 i 

59.26 , 

65.80 

61.50 

64.10 

61.87 

' 34.64 

MgO 

' 0 to 5 

1 4.20 

3.55 

1.40 

3.89 

1.27 

0.90 

' 14.82 

SO 3 

1 to 2.5 

1.61 

1.81 1 

2.50 

1..54 

1.43 

1.51 

1.04 

Loss on ignition 

0.5 to 4 

i 0.97 

1.21 

1.12 

0.70 

1.60 

3.84 

4.50 

Insoluble residue 

! Oto 1 

1 

1 0.09 

0.09 

0.12 

0.09 

0.11 




A. Extremes for Portland cement, from cement literature. 

B. Standard Portland cement for general use, manufactured in California. Average 

of results by ten analysts, reported by the Working Committee on Methods of 
Chemical Analysis, Committee C- 1 , A. S. T. M. 

C. Low iieat Portland cement for mass concrete, manufactured in California for use 

by the City of Pasadena, California, in Morris Dam. Average of results by ten 
analysts, reported by the Working Committee on Method of Chemical Analysis, 
Committee C-1, A. S. T. M. 

D. High early strength Portland cement for rapid hardening, manufactured in Cali- 

fornia. Analysis by 0. D. Quire, Jr,, California Portland Cement Co., Colton, 
California. 

E and f. Sulfate -resisting Portland cement for resistance to corrosion by sulfate water, 
manufactured in California. Analysis by 0. D. Quire, Jr., California Portland 
Cement Company, Colton, California. 

G. White Portland cement manufactured in Pennsylvania. Analysis given in Meade’s 
"Portland Cement.” 

//. Natural cement manufactured in Kosendale District, New York. Analysis by 
• C. Richardson, quoted in Eckel's "Cements, Limes and Plasters.” 

Examples of Cement Raw Materials 



.1 

n 

c 

n 1 

E 

F 

G 

II 

I 

Si02 

55.52 

65.86 

8.55 

91.28 

0.74 

0.54 

17.04 

1.74 

1 15.37 


14.98 

9.05 

3.08, 

2.74, 

0.25 i 

0.11 1 

6.90 1 

0.90 

1 9.13 

Fe203 1 

I 5.48, 

3.69 

78.67 

0.40 

0.09 ; 

0.07 j 

2.13 j 

0.28 

! 0.25 

CaO 1 

7.30 

6.35 

4.63' 

2.10 ' 

55.65 i 

32.60 

37.53 ! 

49.84 

1 25.50 

MgO 

3.85 

2.52 

1.08 

0.45 

0.85, 

1..54, 

2.17 

1.75 

12.35 


0.78, 





43.29 1 


1.12 


Loss on ignition | 

6,22 ! 

1 

8.32 

I 3.82 

: 2.39 

42.40 

1 

21.94 

1 ' 

32.88 

46.01 

35.40 

1 


A. Clay found in California. 

L, Shale iound in CaUiomVa. 

. \to\\ ore ioviuA iu Desert, CaVdornia. 

Sand found in Nevada. 


J). 


lUUUU Hi 

Limestone found in California. 

A;EiT^l^S“by 0. D. Guire, Jr., C»iifornia Portland Cendant Co 
'="'*°Cemettr™k found in Lehigh Valley, 


(}. 


Marl found in Indiana. Analysis 'y • +\rpw^nrlr AnalvsishvL C Beck 
/. Natural-cement rock found in * 

Analyses Q, H, and I given in EckeVs Cements, Limes and Plasters. 



STANDARD METHODS FOR THE SAMPLING AND 
ANALYSIS OF COAL AND COKE 

STANDARD METHOD OF SAMPLING COAL i 

A. S. T. M. Designation: D 21-16^ 

It is imperative that every sample be collected and prepared carefully and 
conscientiously and in strict accordance with the standard methods described 
herein, for if the sampling is improperly done, the sample will be in error, and 
it may be impossible or impracticable to take another sample; but if an analysis 
is in error, another analysis can easily be made of the original sample. 

Gross samples of the quantities designated herein must be taken whether 
the coal to be sampled consists of a few tons or several hundred tons, because 
of the following cardinal principle in sampling coal that must be recognized 
and understood; that is, the effect of the chance inclusion or exclusion of too 
many or too few pieces of slate or other impurities in what, or from what, 
would otherwise have been a representative sample will cause the analysis to 
be in error accordingly, regardless of the tonnage sampled. For example, the 
chance inclusion or exclusion of 10 lb. too much or too little of impurities in 
or from an otherwise representative sample of 100 lb. would cause the analysis 
to show an error of approximately 10 in ash percentage, and in heat units of 
approximately 10%, whereas for a 1000-lb. sample, the error would be approxi- 
mately one tenth as large, being the same whether the sample is collected from 
a 1-ton lot or from a lot consisting of several hundred tons. 

When this method of sampling is to be employed as a part of any contract 
or agreement, the following provisions shall be specifically agreed to by the 
parties to such contract or agreement: 

(а) The place at w-hich the coal is to be sampled. 

(б) The approximate size of the sample required when the standard conditions 

do not apply. 

(c) The number of samples to be taken or the amount of coal to be repre- 
sented by each sample when the standard conditions do not apply. 

FOR ALL DETERMINATIONS EXCEPT TOTAL MOISTURE 

Time of Sampling. — The coal shall be sampled when it is being loaded into 
or unloaded from railroad cars, ships, barges, or wagons, or when discharged 

^ Under the standardization procedure of the Society, this method is under the 
jurisdiction of the A. S. T. M. Committee D-5 on Coal and Coke. Reproduced through 
the courtesy of the American Society for Testing Materials, 260 S. Broad St., Phila- 
delphia, Pa. 

*Thi3 method is issued under the fixed designation D 21; the final number indicates 
the year of original adoption as standard or, in the case of revision, the year of last 
revision. Issura as Tentative, 1915; Adopted, 1916. This method has been approved 
as American Tentative Standard by the American Standards Association. 
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from supply bins, or from industrial railway cars, or grab buckets, or from any 
coal-conveying equipment, as the case may be. If the coal is crushed as 
received, samples usually can be taken advantageously after the coal has passed 
through the crusher. Samples collected from the surface of coal in piles or 
bins, or in cars, ships or barges are generally unreliable. 

Size of Increments. — Tb collect samples, a shovel or specially designed tool, 
or mechanical means shall be Used for taking equal portions or increments. 
For slack or small sizes of anthracite, increments as small as 5 to 10 lb. may 
be taken, but for run-of-mine or lump coal, increments should be at least 
10 to 30 lb. 

Collection of Gross Sample. — The increments shall be regularly and sys- 
tematically collected, so that the entire quantity of coal sampled will be 
represented proportionately in the gross sample, and with such frequency that 
a gross sample of the required amount shall be collected. The standard gross 
sample shall not be less than 1000 lb., except that for slack coal and small 
sizes of anthracite in which the impurities do not exist in abnormal quantities 
or in pieces larger than % in., a gross sample of approximately 500 lb. shall be 
considered sufficient. If the coal contains an unusual amount of impurities, 
such as slate, and if the pieces of such impurities are very large, a gross sample 
of 1500 lb. or more shall be collected. The gross sample should contain the' 
same proportion of lump coal, fine coal, and impurities as is contained in the 
coal sampled. When coal is extremely lumpy, it is best to break a propor- 
tional amount of the lumps before taking the various increments of a sample. 
Provision should be made for the preservation of the integrity of the sample. 

Quantity Represented. — A gro.ss sample shall be taken for each 500 tons or 
fraction thereof, or in case of larger tonnages, for such quantities as may be 
agreed upon. 

Crushing. — After the gross sample has been collected, it shall be systemati- 
cally crushed, mixed, and reduced in quantity to convenient size for trans- 
mission to the laboratory. The sample may be crushed by hand or by any 
mechanical means, but under such conditions as shall prevent loss of coal or 
the accidental admixture of foreign matter. Samples of the quantities indi- 
cated in Table I shall be crushed so that no pieces of coal and impurities will 
be greater in any dimension, as judged by eye, than specified for the sample 
before division into two approximately equal parts. 

The method of reducing by hand the quantity of coal in a gross sample 
shall be carried out as prescribed in Section 6, even should the imtial size of 
coal and impurities be less than indicated in Table I. 


Table I 


Weight of Sample to be I 

Divided, lb. 1 

Largest Size of Coal and Impurities 

Allowable in ^mple before Division, in. 


1 

600 j 

K 

250 


125 


60 i 

H 

30 

^ or to pass a 4760-nucron 


(No. 4) sieve 
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Hand Preparation. — The progressive reduction in the weight of the sample 
to the quantities indicated in Table I shall be done by the following methods, 
which are illustrated in Fig. 225; 

(а) Mixing and Reduction by Discarding Alternate Shovelfxxls. — The 
alternate-shovel method of reducing the gross sample shall be repeated until 
the sample is reduced to approximately 250 lb., and care shall be observed 
before each reduction in quantity that the sample has been crushed to the 
fineness prescribed in Table 1. 

The crushed coal shall be shoveled into a conical pile (Fig. 225) by deposit 
ing each shovelful of coal on top of the preceding one, and then formed into 
a long pile in the following manner: The sampler shall take a shovelful of 
coal from the conical pile and spread it out in a straight line (Fig. 3A or 
8A) having a width equal to the width of the shovel and a length of 5 to 10 ft. 
The next shovelful shall be spread directly over the top of the first shovelful, 
but in the opposite direction, and so on back and forth, the pile being occa- 
sionally flattened, until all the coal has been formed into one long pile (Fig. 
*225, 4 or 9). The sampler shall then discard half of this pile, proceeding as 
follows : 

Beginning on one side of the pile, at either end, and shoveling from the 
bottom of the pile, the sampler shall take one shovelful (shovelful No. 1, 
Fig. 3B or 8B) and set it aside; advancing along the side of the pile a distance 
equal to the width of the shovel, he shall take a second shovelful (shovelful 
No. 2) and discard it; again advancing in the same direction one shovel width, 
he shall take a third shovelful (shovelful No. 3) and add it to the first. The 
fourth (.shovelful No. 4) shall be taken in a like manner and discarded, the fifth 
(shovelful No. 5) retained, and so on, the sampler advancing always in the 
same direction around the pile so that its size will be gradually reduced in a 
uniform manner. When the pile is removed, about half of the original quan- 
tity of coal should be contained in the new pile formed by the alternate shovel- 
fuls which have been retained. (Fig. 5A or lOA show the retained halves, 
and Fig. 5B or lOB the rejected halves.) 

(б) Miiung and Reduction by Quartering. — After the gross sample has been 
reduced by the alternate-shovel method to approximately 250 lb., further 
reduction in quantity shall be by the quartering method. Before each quar- 
tering, the sample shall be crushed to the fineness specified in Table I. 

Quantities of 125 to 250 lb. shall be mixed thoroughly by coning and re- 
coning (Figs. 12 and 13); quantities less than 125 Ib. shall be placed on a 
suitable cloth, measuring about 6 by 8 ft., mixed by raising first one end of 
the cloth and then the other (Fig. 18, 24 or 30), so as to roll the coal back 
and forth, and after being mixed thoroughly shall be formed into a conical 
pile by gathering together the four corners of the cloth (Fig. 19, 25 or 31). 
The quartering of the conical pile shall be done as follows: 

The cone shall be flattened, its apex being pressed down vertically with 
a shovel, or board, so that after the pile has been quartered, each quarter will 
contain the material originally in it. The flattened mass, which shall be of 
uniform thickness and diameter, shall then be marked into quarters (Fig. 
14, 20, 26 or 32) by two lines that intersect at right angles directly under 
a point corresponding to the apex of the original cone. The diagonally oppo- 
site quarters {BB in Fig. 16, 22, 28 or 34) shall t^en be shoveled away and 
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discarded and the space that they occupied brushed clean. The coal remain* 
ing shall be crushed, mixed, coned, and quartered successively until the sample 
is reduced to the desired quantity. 

(c) The 30-lb. quantity (Fig. 29) shall be crushed to size or to pass 
a 4760-micron (No. 4) sieve, mixed, coned, flattened and quartered. The 
laboratory samples shall include all of one of the quarters, or all of two oppo- 
site quarters (Fig. 34), as may be required. The laboratory sample shall be 
placed immediately in a suitable container and sealed in such a manner as to 
preclude tampering. 

Mechanical Preparation. — Only such mechanical means as will give equally 
representative samples shall be used in substitution for the hand method of 
preparation herein standardized. 

FOR THE DETERMINATION OF TOTAL MOISTURE 

Collection of Moisture Sample. — The special moisture sample shall weigh, 
approximately 100 lb., and shall be accumulated by placing in a waterproof 
receptacle with a tight-fitting and waterproof lid small equal parts of freshly 
taken increments of the standard gross sample. The accumulated moisture 
sample shall be rapidly crushed and reduced mechanically or by hand to about 
a 5-lb. quantity, which shall be immediately placed in a container and sealed 
air-tight and forT\arded to the laboratory without delay. 

Use of Standard Sample. — Only when equally representative results will be 
obtained shall the standard gross sample be used instead of the special moisture 
sample for the determination of total moisture. 


STANDARD METHOD OF SAMPLING COKE FOR ANALYSIS » 

A. S. T. M. Designatiox: D 346-35^ 

It is imperative that every sample be collected and prepared carefully and 
conscientiously and in strict accordance with the standard procedure described 
herein, for if the sampling is improperly done, the sample will be in error, and 
it may be impossible or impracticable to take another sample; whereas if an 
analysis is in error, another analysis can readily be made of the original sample. 

* Under the standardization procedure of the Society^ this method is under the juris- 
diction of the A. S. T. M. Committee D-5 on Coal and Coke. Reproduced through 
the courtesy of the American Society for Testing Materials, 260 S. Bro^ St. Philadelphia, 
Pa. 

* This method is issued under the fixed designation D 346; the final number indicates 
the year of original adoption as standard or, in the case of revision, the year of la^^t 
revision. Issura as Tentative, 1932; Adopted in Amended Form, 1935. 
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Gross samples of not less than the quantities designated herein must be 
taken whether the coke to be sampled consists of a few tons or several hundred 
tons in order to minimize the effect of the chance inclusion or exclusion of too 
many or too few pieces of non-representative material. 


FOR ALL DETERMINATIONS EXCEPT TOTAL MOISTURE 


Time of Sampling. — (a) The coke shall be sampled while it is being loaded 
into or unloaded from railroad cars, ships, barges, or trucks, or when discharged 
from supply bins, railroad cars, grab buckets, or other coke-conveying equip- 
ment. 

(b) Samples collected from the surface of coke in piles, bins, cars, ships or 
barges arc, in general, unreliable because of size segregation and should not be 
used for determining conformance to specifications unless the purchaser and 
seller so agree. In case it is necessary to collect a sample of coke from the 
surface of loaded shipments, nine equal increments shall be taken about 1 ft. 
below the surface. The nine sampling points shall be located as shown in 
Fig. 226. 

Size of Increments. — To collect samples, a shovel or specially designed too! 
or mechanical means shall be used for taking equal portions or increments. 
The gross sample shall consist of not less than 25 nor more than 50 increments 
of approximately equal quantity, except that when samples are collected from 
the surface of loaded shipments the gross sample shall consist of 9 increments 
of approximately equal quantity. 

Collection of Gross Sample. — The increments shall be regularly and sys- 
tematically collected, so that the entire quantity of coke sampled will be 
represented proportionately in the gross sample, and with such frequency that 
a gross sample of the required amount will be collected. The standard gross 
sample shall be not less than the quantities given in the following table: 


Minimum Weights of Gross Samples of Coke 


Run-of-oven, Blast-furnace, Foundry, Water-gas, and any coke containing a 
range of size of pieces made from uncrushed or coai^ely crushed coal,*' 

except coke breeze 

Run-of-oven, Blast-furnace, Foundry, Water-gas, and any coke containing a 

range of size of pieces made from crushed coal,^ except coke breeze 

Closely-sized coke made from uncrushed or coarsely crushed coal ** free of coke 

Closely-sized coke made from crushed coal ' free of coke breeze 

Coke breeze (all passing a or M'in. square-hole sieve) 


500 lb.» 

250 lb.“ 

250 lb.« 
125 lb.« 
125 lb. 


® In case the pulverization of the coal is not known, take quantities designated for 
coke made from uncrushed or coarsely crushed coal. 

>• More than 10% on a K'in. square-hole sieve. 

' Not less than 90% passing through a K-m. square-hole sieve. 


Qu&ntity Represented. — A gross sample shall be taken for each 250 tons or 
fraction thereof, or in case of larger tonnages, for such quantities as may be 
agreed upon. Each lot of coke arising from a different source or known to be 
of different quality or size shall be sampled separately. 

Crushing.— The entire gross sample shall be crushed, mixed, and reduced 
in quantity to convenient size for transmission to the laboratory. The safnple 
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shall be crushed preferably by means of jaw or roll crushers, or in case mechanic 
cal crushing means are not available, the coke sample shall be crushed on a 
chilled-iron or hard-steel plate by impact of a tamper, hard bar or sledge, avoid- 
ing all rubbing action, as otherwise the ash content may be materially increased 
by the addition of iron from the sampling apparatus, even though hardened iron 
or steel is used. The crushing shall be done under such conditions as shall 
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Fig. 226. — Location of Sampling Points from Fxpo.sed Surface of Car, 


prevent loss of coke or accidental admixture of foreign matter. Samples of 
the quantities indicated in Table I shall be crushed so that no pieces of coke 
and impurities will be greater in dimension, as judged by eye, than specified 
for the sample before division into two approximately equal parts. 


Table L — W'eigiits of Coke Samples with Coruespomding Crushing Sizes. 


Weiglit of Sample to be 
Divided, lb. 


Largest Size of 
Coke at>d Iinjjurities 
Allowable in Sample 
Before Division 


2.50 or over 1 in. 

125 3:iin. 

60 3iin. 

30 in. 


The method of reducing by hand the quantity of coke in a gross sample 
shall be carried out as de.scribed in Section 6, even should the initial sue of coke 
and impurities be less than indicated in Table 1. 

Mixing and Reduction. — Tlie progressive reduction in the weight of the 
sample to the quantities indicated in Table I shall be done by the following 
methods which are described and illustrated in Plate V of the Standard Method 
o*f Sampling Coal (A. S. T. M. Designation: I) 21) of the American Society for 
Testing Materials.^ 

(a) The alternate -shovel method of reducing the gross sample shall be 
repeated until the sample is reduced to approximately 125 lb., and care shall 
be observed before each reduction in quantity that the sample has been crushed 
to the fineness specified in Table I. 

The crushed coke shall be shoveled into a conical pile (Fig. 225, 2 or 7) ^ 
by depositing each shovelful of coke on top of the preceding one, and then 
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formed into a long pile in the following manner: The sampler shall take a 
shovelful of coke from the conical pile and spread it out in a straight line 
(•Tig. 3 A or 8A) having a width equal to the width of the shovel and a length of 
5 to 10 ft. The next shovelful shall be spread directly over the top of the first 
shovelful, but in the opposite direction, and so on back and forth, the pile being 
occasionally flattened, until all the coke has been formed into one long pile (Fig. 
3B or 8^). The sampler shall then discard half of this pile, proceeding as follows ; 

Beginning on one side of the pile, at either end, and shoveling from the 
bottom of the pile, the sampler shall take one shovelful (shovelful No. 1, Fig. 4 
or 9) and set it aside ; advancing along the side of the pile a distance equal to the 
width of the shovel, he shall take a second shovelful (shovelful No. 2) and 
discard it; again advancing in the same direction one shovel width, he shall take 
a third shovelful (shovelful No. 3) and add it to the first. The fourth (shovelful 
No. 4) shall be taken in a like manner and discarded, the fifth (shovelful No. 5) 
retained, and so on, the sampler advancing always in the same direction around 
the pile so that its size will be gradually reduced in a uniform manner. When 
the pile is removed, about half of the original quantity of coke should be con- 
tained in the new pile formed by the alternate shovelfuls which have been 
retained. (Fig. oA or lOA.show' the retained halves, and Fig. 5B or lOB the 
rejected halves.) 

(6) After the gross sample has been reduced by the alternate-shovel method 
to approximately 125 Ib., further reduction in quantity shall be by the quarter- 
ing method. Before each quartering, the sample shall be crushed to the fineness 
specified in Table I. 

Quantities of 00 to 125 lb. shall be mixed thoroughly by coning and reconing 
(Figs. 12 and 13) ; quantities less than 60 lb. shall be placed on a suitable cloth, 
measuring about 6 by 8 ft., mixed by raising first one end of the cloth and then 
the other (Fig. 18, 24 or 30), so as to roll the coke back and forth, and after 
being mixed thoroughly sliall be formed into a conical pile by gathering to- 
gether the four corners of the cloth (Fig. 19, 25 or 31). The quartering of the 
conical pile shall be done as follows : 

The cone shall be flattened, its apex being pressed down and worked outward 
by means of a shovel, so that after the pile has been quartered, each quarter 
will contain the material originally in it. The flattened mass, which shall be of 
uniform thickness and diameter, shall then be marked into quarters (Fig. 14, 
20, 26 or 32) by two lines that intersect at right angles directly under a point 
corresponding to the apex of the original cone. The diagonally opposite 
quarters {BB in Fig. 16, 22, 28 or 34) shall then be shoveled away and discarded 
and the space that they occupied brushed clean. The coke remaining shall be 
crushed, mixed, coned, and quartered successively until the sample is reduced 
to approximately 30 lb. 

(c) Tlie 30-Ib. quantity shall be crushed to M-m. size, mixed, coned, flat- 
tened and quartered. The laboratory samples shall include all of one of the 
quarters, or all of the two opposite quarters, as may be required. The labora- 
tory sample shall be placed immediately in a suitable container and sealed in 
such a manner as to preclude tampering. 

Reduction by Mechanical Means.— Only such riffles or other mechanical 
means as will give equally representative samples shall be used in substitution 
fur the hand method of reduction in quantity herein standardized. 
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For the Determination of Total Moisture 

Sample for Total Moisture. — For determining total moisture, a special 
moisture sample weighing approximately 50 lb. shall be taken, except in the case 
of coke breeze, in which case the moisture sample shall weigh approximately 
25 lb. The moisture sample shall be taken when the coke is being loaded or 
unloaded as the case may be, and shall be accumulated by placing in a water- 
proof receptacle with a tight-fitting lid small equal parts of the freshly-taken 
increments of the standard gross sample as previously described. The special 
moisture sample, without any preliminary crushing, shall preferably be dried 
to constant weight at a temperature of not less than 104 nor more than 200° C.® 
In case it is impracticable to dry the entire sample, the following procedures 
may be used : 

For Coke Appearing Dry . — The special moisture sample shall be crushed 
rapidly to H-in. size and reduced mechanically or by hand to about a 5-ib. 
quantity, which shall be immediately placed in a container and sealed air-tight 
and forwarded to the laboratory without delay. 

For Coke Appearing Wet . — The special moisture sample shall be spread on 
tared pans, weighed, and air-dried or dried in a warm place or on a warm or 
heated surface until the coke appears dry, and weighed again. The sampling 
shall be completed as described in the preceding paragraph for coke appearing 
dry. This loss in weight divided by weight of sample, multiplied by 100, is the 
percentage of air-drying loss and should be corrected as follows for the moisture 
found in the sample sent to the laboratory : 

Percentage percentage percentage . 

total moisture = 100— percentage of air-drying loss x moisture in air- -f of air-drying 
(as received) 100 dried sample loss. 

Report. — Since in the report of the analysis, a brief description should be 
given of the method of taking the sample, by such characteristic expressions as 
“ Belt Sample,^' ‘‘ Top-of-car,” etc., information as to how the sample is taken 
shall be included in the description which accompanies the sample sent to the 
laboratory. 

“ Experiments made at the U. S. Bureau of Mines have shown that results checking 
within 0.5% are obtained between these temperature limits. See A. C. Fieldner and 
W. A. Selvig, “The Determination of Moisture in Coke,” U. S. Bureau of Mines Technical 
Paper No. 148 (1917). 
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STANDARD METHODS OF LABORATORY SAMPLING AND 
ANALYSIS OF COAL AND COKE ^ 

A, S. T, M, Designation: D 271-33; 

PREPARATION OF LABORATORY SAMPLES 

Apparatus : (A) For Coal: The apparatus used for sampling coal shall consist 
of the following: 

(ff) Air Drying Oven. — An oven for air-drying wet samples. A suggested 
form is shown in Fig. 227, Such an oven is not essential but is economical 
where many samples are to be dried,® 



Fig. 227.— Drier for Coarse Samples. The outlet for air at the top may be wn- 
nected with a chimney or any other device which will furnish a suitable draft. {Bulletin 
No. Geological Survey of Ohio, p. 312.) 


^ Under the standardization procedure of the Society, these methods are imder the 
jurisdiction of the A. S. T. M. Committee D-5 on Coal and Coke. 

■ These methods comprise a revision and combination of the former Stan^rd Methods 
of Laboratory Sampling and Analysis of Coal (A. S. T. M. Designation: D 2^^24) 
of Laboratory Sampling and Analysis of Coke (A. S. T. M. Designation: D 37-24) 
which methods were accordingly discontinued in 1927. , c » u 

» These methods are issued under the fixed designation D271; the final number 
indicates the year of original adoption as standard or, in the case of revision, the year 
of last revision. Adopted, 1916, 1918; Revised, 1921, 1924, 1927, 1929, 1930, 1933. 
These methods have been approved as American Standard by the Araencan btandards 

“For details of aiiMlrying oven, see F. M. S^nton and A. C, Fieldner and W. A. 
Selvig, ‘‘Methods of Analyzing Coal and Coke,” U. S. Bureau of Mines Technical Pa^r 
No. 8, p. 2 (1929). Reproduced through the courtesy of the American Society for 
Testing Materials, 260 S. Broad St. Philadelphia, Pa. 
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(6) Pans for Air-Drying Wet Samples, — Galvanized iron pans 18 by 18 in. 
by 1.5 in. in depth. 

(c) Balance or Solution Scale. — A balance or scale having a capacity of 5 kg. 
sensitive to 0.5 g. for weighing the galvanized iron pans with samples. 

(d) Crusher. — A jaw crusher suitable for crushing coarse samples to pass a 
4760-micron (No. 4) sieve. 

(e) Grinder. — A roll crusher or coffee-mill type of grinder suitable for 
reducing the material passing a 4760-micron (No. 4) sieve to pass an 840- 
micron (No. 20) sieve. To reduce the moLsture loss while crushing, a coffee- 
mill type of grinder should be entirely enclosed and have an enclosed hopper 
and receptacle capable of holding 10 lb. of coal. 

(/) Pulverizer. — An Abb€ ball mill, planetary disk crusher, chrome-steel 
bucking board, or any satisfactory form of pulverizer for reducing the material 
passing an 840-micron (No. 20) sieve to pass a 250-micron (No. 60) sieve. 
The porcelain jars for the ball mill should be approximately 9 in. in diameter 
and 10 in. high. The flint pebbles should be smooth, hard and well rounded. 

(g) Large Riffle Sampler. — A large riffle samjAer with ^ or ^-in. divisions 
for reducing the coal passing the 4700-micron (No. 4) sieve to 10 lb. (see Fig. 
228). 

{h) Small Riffle Sampler.— A small riffle sampler with or ^-in, divisions 
for reducing the material passing the 840-micron (No. 20) and the 250-micron 
(No. 60) sieves to a laboratory sample (see Fig. 229). 

(i) Sieve. — An 8-in. 250-micron (No. 60) sieve with cover and receiver. 

Note. — The sieve designations employed are those of the Standard Specifications 
for Sieves for Testing Purposes (A. S. T. Designation: K 11) of the American Society 
for Testing Materials, and all sieves shall conform to the detailed requirements of 
these specifications. See p. 1329. 

if) Containers. — Samples in which the moisture content is important should 
always be shipped in moisture-tight containers. A galvanized-iron or tin can 
with an air-tight friction top or a screw top which is scaled with a ruljber gasket 
and adhesive tape is l>e.st adapted to this purpose. Glass fruit jars .sealed with 
rubber gaskets may be used, but require very careful packing to avoid breakage 
in transit. Samples in which the moisture content i.s of no importance need no 
special protection from loss of moisture. 

(B) For Coke: The apparatus used for sampling coke shall consist of the 
following: 

(a) Pans for Total Moisture Determination. — Galvanized iron pans 24 by 
24 in. by 4 in. in depth. 

(b) Balance or Solution Scale. — A balance or scale having a capacity of 
10 kg. sensitive to 1 g. for weighing the galvanizcd-iron pans with samples. 

(c) Crusher. — As de.scribed under Section A. 

(d) Roll-Crusher. — A hard-steel roll crusher suitable for reducing the 
material pa.ssing a 4760- micron (No. 4) sieve to pass an 840-micron (No. 20) 
sieve. 

(e) Pulverizer. — An Abb<^ ball mill, hard-steel roll crusher or hard-stccl 
diamond mortar for reducing the product passing an 840-micron (No. 20} 
sieve to pass a 250-micron (No. 60) sieve. The porcelain jars for the ball mill 

1933 Book of A. S. T. M. Standards, Part II, p. 1244, 
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should be approximately 9 in. in diameter and 10 in. high. The flint pebbles 
should be smooth, hard and well rounded. The rolls of the hard-steel roll 
crusher should revolve at the same speed. 

(/) Large Riffle Sampler . — Same as in Section A (^) for reducing coke passing 
the 4760-micron (No. 4) sieve to 10 lb. (see Fig. 228). 

(^) Small Riffle Sampler . — The same as Section A {h) (see Fig. 229). 

(ft) Sieve . — The same as Section A (i). 

(f) Containers . — The same as Section A {j). 

ij) Oven, Stove or Hoi Plate . — An oven, stove or hot plate for drying coke 
samples in the determination of total moisture. If an oven is used it should 
have openings provided for natural ventilation and should be capable of being 
regulated between 104 and 200® C. If the coke is dried on a stove or hot plate a 
thermometer should be placed in it, and care exercised that the temperature 
does not exceed 200° C. at any point in the pan of coke. 

Method of Sampling: (A) For Coal Appearing Dry: (u) If the sample is 
coarser than will pass completely a 4760-micron (No. 4) sieve and larger in 
amount than 10 lb., quickly crush it with the jaw crusher to pass a 4760-raicron 
(No. 4) sieve and reduce it on the larger riffle sampler to 10 lb.; then crush it 
at once to pass an 840-micron (No. 20) sieve by passing through rolls or an 
enclosed grinder, and take, without sieving, a 50-g. total moisture sample, 
immediately after the material has passed through the crushing apparatus. 
This sample should be taken with a spoon from various parts of the product 
passing an 840-micron (No. 20) sieve, and should be placed directly in a rubber- 
stoppered bottle. 

(6) Thoroughly mix the main portion of the sample, reduce on the small 
riffle sampler to about 200 g., and pulverize to pass a 250-micron (No. 60) sieve 
by any suitable apparatus without regard to loss of moisture. After all the 
material has been passed through the 250-micron (No. 60) sieve, mix and divide 
it on the small riffle sampler to about 50 g. Transfer the final sample to a 4-oz. 
rubber-stoppered bottle. Determine moisture in both the 250-micron (No. 60) 
sieve sample and the 840-micron (No. 20) sieve sample in accordance with 
Sections 6, 7, and 8 under the Determination of Moisture. 

(c) Calculation . — Calculate the analysis of the coal passing the 250-micron 
(No. 60) sieve which has become partly air-dried during sampling, to the dry- 
coal basis, by dividing each result by 1 minus its content of moisture. Com- 
pute the analysis of the coal “ as received ” from the dry-coal analysis by multi- 
plying by 1 minus the total moisture found in the sample passing an 840-micron 
(No. 20) sieve. 

{B) For Coal Appearing Wet: (a) Spread the sample on tared pans, weigh, 
and air-dry at room temperature, or in the special drying oven, shown in Fig. 
227, at 10 to 15° C. above room temperature, and weigh again. The drying 
should be continued until the loss in weight is not more than 0.1% per hour. 
Complete the sampling as described in Section 3 for dry coal. 

(ft) Calculation . — Correct the moisture found in the air-dried sample 
passing an 840- micron (No. 20) sieve to total moisture as received,” as 
follows : 

“ If the sample is crushed to pass a 3360-micron (No. 6) sieve it may be reduced to 
5 lb. 
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100— percentage of air-drying loss ^ ■ i-j i 

X (percentage of moisture in air-dned sample passing 

an 840-micron (No. 20) sieve)-!' (percentage of air-drying loss) — (total moisture “as 
received”) 

(c) Calculate the analysis to “ dry-coal ” and “ as-received ’* bases as 
described in Section 3 for dry coal, using for the “ as-received ” calculation the 
total moisture as found by the formula in Paragraph (6) in place of the moisture 
found in the coal passing an 840-micron (No. 20) sieve. 

Notes. — Freshly mined or wet coal loses moisture rapidly on exposure to the air of 
the laboratory, hence the sampling operations between opening the container and taking 
the total-moisture sample passing an 840-micron (No. 20) sieve must be conducted with 
the utmost dispatch and with minimum exposure to air. 

The accuracy of the method of preparing laboratory samples should be checked 
frequently by resampling the rejected portions and preparing a duplicate sample. The 
a»sh in the two samples should not differ more than the following limits: 

No carbonates present 0.4% 

Considerable carbonate and pyrite present 0.7% 

Coals with more than 12% ash, containing considerable car- 
bonate and pyrite 1-0% 

(C) Ball-mill Method for Coal Appearing Wet or Dry: {a) This method of 
sampling does not require a total moisture sample of the coal passing an 
840-micron (No. 20) sieve as do methods A and B. The coal is first air-dried 
to bring it to a condition of approximate equilibrium with the air to minimize 
moisture change during the preparation of the sample for analysis. After 
air-drying all operations are performed with the utmost dispatch to prevent 
moisture change. Fine grinding of the sample is done in an air-tight ball mill. 
Total moisture is computed from the air-drying loss and the residual moisture 
in the sample prepared for analysis. 

(&) Spread the sample on tared pans, weigh, and air-dry in the special 
mositure oven shown in Fig. 227, at 10 to 15° C. above room temperature until 
the loss in weight between two successive weighings, made 6 to 12 hours apart, 
does not exceed 0.1% per hour. Record the loss in weight as “ air-drying loss.” 

(c) Immediately after the last weighing, quickly crush the entire sample by 
means of a roll-crusher adjusted so the product will pass an 840-micron (No. 20) 
sieve. Then, without sieving, quickly reduce the coal on the small riffle sampler 
to about 200 g. Put this 200-g. portion at once in the porcelain jar (1-gal. 
capacity) of an Abb6 ball mill, sealed air-tight by means of a rubber gasket, and 
grind to pass a 250-micron (No. 60) sieve. The Jar shall be slightly more than 
half full of well-rounded flint pebbles, about M in. in diameter, and rotated 
at 60 to 75 r.p.ra. Bituminous coals require from 10 to 20 minutes and anthra- 
cite about 1 hour of rotation to be pulverized to the designated fineness. 

(rf) When pulverization is complete, pour the contents of the jar on a H-in. 
square-mesh sieve, and separate the sample from the pebbles by shaking the 
sieve over a rubber mixing-cloth. Brush carefully the pebbles and inside of 
the jar to remove any adhering pulverized coal. A convenient size of sieve is 
one approximately 17 in. square. Then quickly pass the sample through a 

Mines, see F. M. Stanton, • 
and Coke.” U. S. Bureau 


» This method of sampling is used by the U. S. Bure^ of 
A. C. Fieldner and VV. A. Selvig, “ Methods of Analyzing Coal 
of Mines Technical Paper No. 8, p. 2 (1929). 
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250-micron (No. 60) sieve. To minimize moisture change, keep the sieve 
covered while the sample is being sieved. Usually some coarse particles, 
amounting to 0.2 to 0.4% of the sample, remain on the sieve. As these particles 
are likely to consist largely of ash-forming substances, reduce them on a chro- 
mium-steel bucking board to pass the sieve and then add to what passed through 
the sieve. Quickly mix the sample on a rubber mixing-cloth and reduce to 
about 50 g. by passing through the small riffle sampler. Put this 50-g. portion 
which constitutes the laboratory sample, in a rubber-stoppered, wide-mouth, 
4-oz. bottle. To minimize moisture change, the mixing and reducing of the 
pulverized sample after removal from the ball mill shall be done with utmost 
dispatch. The total time elapsing from the opening of the porcelain jar to the 
stoppering of the laboratory sample shall not exceed 3 minutes. 

Calculation . — As all the analytical determinations are made on the air-dried 
sample passing a 250-micron (No. 60) sieve, calculate the analysis to as- 
received ” and “ dry-coal bases from the analysis of the air-dried coal in the 
following manner: 


Calculation moM Analysis of “Air-dried” Coal to Coal “as REcEnmo” 
All figures expressed in per cent 

* << ■ i '> w ..(100 — air-drving loss) .... , 

Moisture as received = moisture X -f-air-drjung loss. 


Volatile matter “as received ” = volatile matter X 


(100 — air-dpyMDg loss) 


Fixed carbon “as received ” = fixed carbonX 


100 

(1(X) — air-drying loss) 


100 


Ash “as received ” =ash X 


(100— air-drying loss) 


Sulfur “as received sulfur X 


100 

(100 — air-drying los.s) 
100 


Hydrogen “as received” = hydrogen X + 1/9 air-drying loss. 


Carbon “as received” = carbonX 


Nitrogen “as received ” = nitrogen X 


100 

(100— air-drying loss) 


100 

(1(X) — air-drying Io.ss) 

fob 


Ox>'gen “as received ” = oxygen X — ^ -+8/9 air-drying loss. 


Calories “as received” = calories X 


(100 — air-drying loss) 
_ 


Calcx’lation from A.valysis of “Air-dried” Coal to “Dry Coal” 
All figures expressed in per cent 
100 

Volatile matter in “dry coal ” = volatile matter X ttcf; ; 

100 — moisture 

Fixed carbon in “dry coal ”=« fixed carbon 

100— moisture 
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Ash in “dry coal” = ash X 


100 


100 — moisture 
100 


Sulfur in “dry coal ”= sulfur 


100 — moisture 


Hydrogen in “ dry coal ” = (hydrogen - 1/9 moisture) X 


100 


100 

Carbon in “dry coal ” = carbon X 77 ^ 7 : : 

100 — moisture 


100 — moisture 


Nitrogen in “dry coal nitrogen 

100 — moisture 

Oxygen in “dry coal” = (oxygen -8/9 moisture) X ; 77 ^ — . 

100 — moisture 

Calories in “dry coal ” = calories Xrr^^ — 


100 — moisture 


(£>) For Coke: (a) Total Moisture DeteTmination , — Dry the entire sample 
received at the laboratory, without any preliminary crushing, to constant w^eight 
at a temperature of not less than 104 nor more than 200*" 

Calculate the loss in weight to percentage of moisture, which shall constitute 
the total moisture in the coke as received at the laboratory. 

The allowable difference in duplicate determinations by the same analyst is 
0.5%. 

( 5 ) Reduction of Sample . — Crush the dried sample mechanically wuth a jaw 
or roll crusher, or by hand on a chilled iron or hard-steel plate by impact of a 
hard bar or sledge, avoiding all rubbing action, as otherwise the ash content will 
be materially increased by the addition of iron from the sampling apparatus, 
even though hardened iron or steel is used. Continue the crushing until all the 
sample passes through a 47fi0-micron (No, 4) sieve, mix and reduce on the large 
riffle sampler to not less than 5 Ib.; again crush the 5-lb. sample sufficiently fine 
to pass an 840-micron (\o. 20) sieve; mix and reduce on the small riffle sampler 
to 200 g. Transfer this 200-g. portion to the porcelain jar of an Abb^ ball mill 
and pulverize to pass a 250-micron (No. 60) sieve. WTien pulverization is 
complete, pour the contents of the jar on a 3^-in. screen and separate the sample 
from the pebbles by shaking the screen. Pass all the material through a 250- 
micron (No. GO) sieve, pulverizing any coarse particles by impact in a hard- 
steel diamond mortar, and mix with the remainder of the sample. Reduce the 
sample through the small riffle sampler to about 50 g. and transfer to a rubber- 
stoppered glass bottle. 

(c) In case a ball mill is not available for fine grinding, quarter the 5-lb. 
sample passing an 840-micr()n (No. 20) sieve to 200 g. and pulverize to pass a 
250-micron (No. GO) sieve by means of a hard steel roll crusher in which the 
rolls revolve at the same speed, or by impact in a hard-steel diamond mortar. 
The use of rubbing surfaces such as a disk pulverizer or a bucking board is 
iiever permissible for grinding coke. 

Experiments made at the U. S, Bureau of Mines have showm that results checking 
within 0,5% are obtained between these temperature limits. See A. C, Fieldner and 
'V. A. Selvig, “The Determination of Moisture in Coke,” U. S. Bureau of Mines Techni- 
cal Paper No. 148 (1917). 
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Note —The accuracy of the method of preparing laboratory samples should be 
checked frequently by resampling the rejected portions and preparing a duplicate sample. 
The ash in the two samples should not differ more than 0,4%. 



Fig. 230. — Toluene or Glycerin and Water Oven for Determining Moisture (Technical 
Paper No. 8, Bureau of Mines, p. 9 (1929)). 


METHODS OF ANALYSIS 


Determinatiox of Moisture 


{For Coal and Coke) 


Apparatus: (a) Moisture Oven {For Coal ). — For determining the moisture 
of coal, the oven shall be so constructed as to have a uniform temperature in all 


parts and a minimum of air space. It may be of 
the form shown in Fig. 230. Provision shall be 


made for renewing the air in the oven at the rate 



Fig, 231. — Capsule for Use in 
Determining Moisture. 


of two to four times a minute, with the air dried 
by passing it through concentrated H 2 S 04 . 

(for Coke ). — For determining the moisture of 
coke, an ordinary drying oven with openings for 
natural air circulation and capable of tempera- 
ture regulation between limits of 104 and 110°C. 
may be used. 

(&) Capsules with Couer^. — A convenient form, 
which allows the ash determination to be made 


on the same sample, is a porcelain capsule, % in. deep and in. in diam- 
eter; or a fu.sed silica capsule of similar shape. This shall be used with a welb 
fitting flat aluminum cover, illustrated in Fig. 231. 

Platinum crucibles or glass capsules with ground-glass caps may also be 
used. They should be as shallow as possible, consistent with convenient 
handling. 
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Method: {A) For Coal or Coke Passing 250‘micron (No, 60) Sieve: (a) 
Heat the empty capsules under the conditions at which the sample is to be 
dried, place stopper or cover on capsule, cool over concentrated H 2 SO 4 (sp.gr. 
1.84) for 30 minutes,^ and weigh. Dip out with a spoon or spatula from the 
sample bottle approximately 1 g. of the sample ; put this quickly into the cap- 
sule, close, and weigh at once. 

(b) An alternate procedure (more open to error), after transferring an 
amount slightly in excess of 1 g., is to bring to exactly 1 g. in weight (± 0.5 mg.) 
by quickly removing the excess weight of the sample with a spatula. The 
utrnost dispatch must be used in order to minimize the exposure of the sample 
until the weight is found. 

After removing the covers, quickly place the capsules in a preheated oven 
(at 104 to 110° C.) through which passes a current of air dried by concentrated 
112804 (the current of dry air is not necessary for coke). Close the oven at 
once and heat for 1 hour. Then open the oven, cover the capsules quickly and 
place them in a desiccator over concentrated H2SO4. When cool, weigh. 

The percentage of moisture in the sample passing a 250-niicron (:N'o. 60) 
sieve shall be used to calculate the other results to a dry basis. 

(B) For Coat Passing 840-micron {No. 20) Sieve: Use 5-g, samples, weighed 
with an accuracy of 2 mg., and heat for 13''2 hours; the procedure is otherwise 
the same as with the sample passing a 2o0-micron (K'^o. GO) sieve as described in 
Section 8. 

Note.— For methods of greater accuracy see Report of Subcommittee 11 on Mois- 
ture, of the Joint Committee on Analysis of Coal, Proceedings, Am, Soc. Testing Mats 
Vol. XIV. Part I, pp. 419-423 (1914). 

Determination of Ash 
{For Coal and Coke) 

Apparatus: (a) Gas or Electric Muffle Furnace {for Coal). — For determina- 
tion of ash of coal, the muffle shall have good air circulation and be capable of 
having its temperature regulated between 700 and 750° C. 

(6) Gas or Electric Muffle Furnace or Meker Burner {for Coke). — For 
determination of ash of coke, the muffle shall have good air circulation and be 
capable of having its temperature regulated to not exceed 950® C. 

(c) Porcelain Capsules. — Porcelain capsules, % in. deep and 1^ in. in 
diameter, or similar shallow dishes or platinum crucibles. 

Method: (4) For Coal: Place the p{)rcelain capsules containing the dried 
coal from the moisture determination in a cold muffle furnace, or on the hearth 
at a low temperature, and gradually heat to redness at such a rate as to avoid 
mechanical loss from too rapid expulsion of volatile matter. Finish the ignition 
to constant weight (±0.001 g.) at a temperature between 700 and 750° C. 
Cool in a desiccator, and weigh as soon as cold. 

Notes. — Before replacing the capsules in the muffle for ignition to constant weight, 
the ash should be stirred with a platinum or nichrome wire. Stirring once or twice before 
the 6rst weighing hastens complete ignition. 

The resuJt obtained by tiiis method is “uncorrected” ash. For “corrected” ash 
sec the preliminary report.^* The actual mineral matters in the original coal are usually 
''cry different in weight and composition from the weight of the “uncorrected” ash. 

Report on Fixed Carbon and Ash, Proceedings, Am. Soc. Testing Mats., Vol. XIV, 

IVt 1, p 426 (1914). 



1638 


COAL AND COKE 


(B) For Coke: Place the capsules containing the dried coke from the mois- 
ture determination in a muffle furnace or over a burner, and heat to redness at 
such a rate as to avoid mechanical loss. Finish the ignition to constant weight 
(rbO-001 gO at a temperature not exceeding 950° C. Cool in a desiccator and 
weigh. 

Notes. — Before replacing the capsules in the muffle for ignition to constant weight 
the ash should be stirred with a platinum or nichrome wire. Stirring once or twice 
before the first weighing hastens complete ignition. 

Test the ash for unburned carbon, by moistening it with alcohol; any carbon re- 
maining will show as black particles. 


Determinatiox of Volatile Matter 
{For Coal and Coke) 

Apparatus: (a) Platinum Crucible with Closely Fitting Cover (for Coal ). — 
The crucible shall be of not less than 10 nor more than 20-ml, capacity; of not 
less than 25 nor more than 35 ram. in diameter ; of not less than 30 nor more than 
35 mm. in height. 

(b) Platinum Crucible with Closely Fitting Cover (for Coke). — The crucible 

shall be of 10-mI. capacity, with capsule cover having thin flexible sides fitting 
down into crucible. Or the double-crucilde method may be used, in which the 
sample is placed in a 10 or 20-ml. platinum crucible, which is then covered with 
another crucible of such a size that it will fit closely to the sides of the outer 
crucible, and its bottom ^nll rest above the bottom of the outer 

crucible. 

(c) Vertical Electric Tube Furnace; or a Gas or Electrically Heated Muffle 
Furnace (for Coal or Coke). — The furnace may be of the form as shown in 
Fig. 232. It shall be regulated to maintain a temperature of 950° C. ±20° C. 
in the crucible, as shown by a thermocouple kept in the furnace. If the deter- 
mination of volatile matter is not an essential feature of the specifications under 
which the coal or coke is bought, a Meker burner may be used. 

Method: (4) For Coal and Coke, Usual Method: (a) Weigh 1 g. of the 
sample in a weighed platinum crucible, close with a cover, and place on platinum 
or nichrome- wire supports in the furnace chamber, which shall be at a tempera- 
ture of 950° C. ±20° C. After the more rapid discharge of volatile matter has 
subsided, as shown by the disappearance of the luminous flame, or in the case of 
coke after heating 2 or 3 minutes, tap the cover lightly to more perfectly seal 
the crucible and thus guard against the admission of air. After heating for 
exactly 7 minutes, remove the crucible from the furnace and, without disturbing 
the cover, allow it to cool. Coke should be cooled in a desiccator. Weigh 
as soon as cold. The loss of weight minus moisture equals the volatile matter. 

(6) Modification for Sub- Bituminous Coal, Lignite, and Pea/.— Mechanical 
losses are incurred on suddenly heating peat, sub-bituminous coal, and lignite; 
therefore, they must be subjected to a preliminary gradual heating for 5 min- 
utes; this is best done by playing the flame of a burner upon the bottom of the 
crucible in such a manner as to bring about the discharge of volatile matter at 
a rate not sufficient to cau.se sparking. After the preliminary heating, transfer 
the crucible to the volatile-matter furnace and heat for 6 minutes at 950° C. 
as in the regular method described in Paragraph (a). 
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turnings andn^Salsd*'!^ bi- 

Regulation of temperature to within the pLcrTbed liZt is important. 



232. — Electric Tube Furnace for Determining Volatile Matter. For llO-voIt 
alternating current, 60 ft. of Nichrome Wire, No. 17 B. & S. gage will give the required 
temperature. The temperature must be controlled by an external resistance. (U S 
Bureau of Mine^i Technical Pii\kt No. 8, p. 12 (1929)). 


(5) For Coal and Coke, Using Meker Burner: Weigh 1 g. of the sam- 
ple in a weighed platinum crucible and close with a cover or, in the case 
coke, with another crucible. Place in the flame of a No. 4 Meker burner, 
na\ang approximately an outside diameter at the top of 25 mm. and 
giving a flame not less than 15 cm, high. The temperature should be 
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950° C. ±20° C., as determined by placing a thermocouple through the per- 
forated cover, which for this purpose may be of nickel or asbestos. The junc- 
tion of the couple should be placed in contact with the center of the bottom 
of the crucible; or the temperature may be indicated by the fusion of pure 
K2Cr04 in the covered crucible (fusion of KsCrO^, 968° C.).“ The crucible 
shall be placed in the flame about 1 cm. above the top of the burner and the 
heating continued 7 minutes. Where the gas pressure is variable it is well to 
use a U-tube attachment to the burner. 

Deteiuhnation of Fixed Carbon 
{For Coal and Coke) 

Calculate fixed carbon as follows : 

100—(nioisture+ash+ volatile matter) = percentage of fixed carbon 

Determination of Sulfur 
{For Coal and Coke) 

A. Eschka Method 

Apparatus: (a) Gas or Electric Muffle Furnace, or Burners. — For igniting 
the sample with the Eschka mixture and for igniting the BaSO^. 

(h) Porcelain or Platinum Crucibles or Capsules, — Porcelain capsules, 3^ in. 
deep and in. in diameter, or porcelain crucibles of 30-ml. capacity, high or 
low form, or platinum crucibles of similar size shall be used for igniting the 
sample with the Eschka mixture. 

(c) Porcelain, platinum, alundum, or silica crucibles of 10- to 15-m], 
capacity, shall be used for igniting the BaS04. 

Solutions and Reagents: (a) Barium Chloride. — Dissolve 100 g. of BaClr 
2H2O in 1000 ml. of distilled water. 

(6) iSfl^ura^ed Bromine Water, — Add an excess of bromine to 1000 ml. of 
distilled water. 

(c) Eschka Mixture, — Thoroughly mix two parts (by weight) of light 
calcined MgO and one part of anhydrous NajCOa. Both materials should be 
as free as possible from sulfur. 

{d) Methyl Orange. — Dissolve 0.02 g, in 100 ml. of hot distilled water and 
filter, 

(e) Hydrochloric Acid. — Mix 500 ml. of HCl (sp.gr. 1.19), and 500 ml. of 
distilled water. 

(/) Normal Hydrochloric Add. — Dilute 80 ml. of HCl (sp.gr. 1.19), to 
1 liter with distilled water, 

(il) Sodium Carbonate. — A saturated solution, approximately 60 g. of 
crystallized or 22 g. of anhydrous Na2C03 in 100 ml. of distilled water. 

(h) Sodium Hydroxide Solution. — Dissolve 100 g. in 1 liter of distilled 
water. This solution may be used in place of the NajCOa solution. 

Method : Preparation of Sample and Mixture. — Thoroughly mix on glazed 
paper 1 g. of the sample and 3 g. of Eschka mixture. Transfer to a porcelain 
capsule, ill* <iccp and 1% in. in diameter, or a porcelain crucible of 30-nil. 

** U. S. Bureau of Mines Reports of Investigations, Serial No. 2917 (1929). 
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capacity, high or low form, or platinum crucible of similar size, and cover with 
about 1 g. of Eschka mixture. 

(a) Ignition, — On account of the amount of sulfur contained in artificial 
gas, the crucible shall be heated over an alcohol, gasoline or natural gas flame 
as described in Paragraph (t), or in a gas or electrically heated muffle, as de- 
scribed in Paragraph (c) for coal and in Paragraph (d) for coke. The use of 
artificial gas for heating the sample and Eschka mixture is permissible only when 
the crucibles are heated in a muffle. 

(&) Heat the crucible, placed in a slanting position on a triangle, over a 
very low flame to avoid rapid expulsion of the volatile matter, which tends to 
prevent complete absorption of the products of combustion of the sulfur. Heat 
the crucible slowly for 30 minutes, gradually increasing the temperature and 
stirring after all black particles have disappeared, which is an indication of the 
completeness of the procedure. 

(c) {For Coal). — Place the crucible in a cold muffle and gradually raise the 
temperature to 800° C. ±26° C. in about 1 hour. Maintain this maximum 
temperature for about hours. 

(d) {For Co Ae) .—Place the crucible in a warm muffle and gradually raise 
the temperature to 800° C. ± 25° C. in about 30 minutes. Maintain this 
maximum temperature until on stirring all black particles have disappeared. 

{e) Subsequent Treatment, — Remove and empty the contents into a 200- 
ml. beaker and digest with 100 ml. of hot water for ^ to % hour, with occasional 
stirring. Filter and wash the insoluble matter by decantation. After several 
washings in this manner, transfer the insoluble matter to the filter and wash 
five times, keeping the mixture well agitated. Treat the filtrate, amounting 
to about 250 ml., with 10 to 20 ml. of saturated bromine water, make slightly 
acid with HCl and boil to expel the liberated bromine. Make just neutral to 
methyl orange with NaOH or NaaCOa solution, then add 1 ml. of N HCl. 
Boil again and add slowly from a pipette, with constant stirring, 10 ml, of a 10% 
solution of BaCl2'2H20. Continue boiling for 15 minutes and allow to stand 
for at least 2 hours, or preferably over night, at a temperature just below boiling. 
Filter through an ashless filter paper and wash with hot distilled water until a 
AgNOj solution shows no precipitate with a drop of the filtrate. Place the 
wet filter containing the precipitate of BaS 04 in a weighed platinum, porcelain, 
silica or alundum crucible, allowing a free access of air by folding the paper 
over the precipitate loosely to prevent spattering. Smoke the paper off 
gradually and at no time allow it to burn with flame. After the paper is prac- 
tically consumed, raise the temperature to approximately 925° C. and heat to 

constant weight. , 

The residue of MgO, etc., after leaching, should be dissolved m HCl and 
te.sted with great care for sulfur. When an appreciable amount is found tins 
should be determined quantitatively. The amount of sulfur retained is by 

no means a negligible quantity.^® v j ■ ■ 

(/) Blanks and Corrections, -in all cases a correction must be applied either 
(1) by running a blank exactly as described above, using the same amount of all 
reagents that were employed in the regular determination, or more sure y ( ) 
by determining a known amount of sulfate added to a solution of the reagents 

“Journal Am. Chemical Soc-, 21, 1125 (1899), 
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after these have been put through the prescribed series of operations. If this 
latter procedure is adopted and carried out, say, once a week or whenever a new 
supply of a reagent must be used, and for a series of solutions covering the range 
of sulfur content likely to be met with in the samples, it is only necessary to 
add to or subtract from the weight of BaS04 obtained from a sample, whatever 
deficiency or excess may have been found in the appropriate “ check " in order 
to obtain a result that is more certain to be correct than if a “ blank correction 
as determined by the former procedure is applied. This is due to the fact that 
the solubility error for BaS04, for the amounts of sulfur in question and the 
conditions of precipitation prescribed, is probably the largest one to be con- 
sidered. BaS04 is soluble in acids and even in pure water, and the solubility 
limit is reached almost immediately on contact with the solvent. Hence, in 
the event of using reagents of very superior quality or of exercising more than 
ordinary precautions, there may be no apparent “ blank/' because the solubility 
limit of the solution for BaS04 has not been reached or at any rate not exceeded. 
{g} Calculate sulfur content as follows: 


Percentage of Sulfur = 

weight of sample 

Note. — As shown in the preliminary report,'* the Atkinson and sodium-peroxide 
methods give results in close agreement with the Kschka method. Register has 
shown that if 5% of nitrogen is present in the gases contained in the bomb calorimeter 
the sulfur of a sample is almost completely oxidized to HvS04 and the w^ashings of the 
calorimeter may be used for the determination of sulfur. 


B. Bomb Washuig Method 

Method: (a) Ignition . — Sulfur is determined in the washings from the 
oxygen-bomb calorimeter following the calorimetric determination. The type 
of bomb, amount of water in the bomb, oxygen pressure, and amount of sample 
taken shall be the same as specified under the calorimetric determination. The 
bomb shall stand in the calorimeter water for not less than 5 minutes after firing. 

(6) Subsequent Treatment . — Remove the bomb from the calorimeter water 
and open the valve carefully so as to allow the gases to escape at an approxi- 
mately even rate so the pressure is reduced to atmo.spheric in not les.s than one 
minute. Bombs equipped with valves other than needle valves, such as com- 
pression valves, shall be provided with a device so the valve can be controlled 
to permit a slow and uniform release of the gases. Open the bomb and examine 
the inside for traces of unbumed material or sooty deposit. If the.se are found, 
the determination shall he discarded. Wash carefully all parts of the interior 
of the bomb, including the tray, with a fine jet of distilled water containing 1 ml. 
per liter of a saturated solution of methyl orange, until no acid reaction is 
observed. It is essential to wash through the valve opening in the case of 
bombs equipped with compression valves, or other types of valves with large 
openings, as considerable spray may collect in such valve oj>etiings. 

^Uoumal Am. Chemical Soc., 32, .588 (1910); 33, 829 (1911). 

Journal of Indastrial and Imginecring Cherni.^try, 5, 5 (1913). 

» Ibid., 6 , 812 (1914). 

W. A. ^Ivig and A. C, Ficldncr, “Check Determinations of Sulfur in Coal and 
Coke by the Eschka, Bomb-washing, and Sodium Peroxide Fusion Methods," Industrial 
and Engineering Chemistry, 29, 72^733 (1927). 
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Collect the washings in a 250-ml. beaker and titrate with standard alkali 
solution to obtain the ‘‘ acid correction ’’ for the heating value, as specified 
under the calorimetric determination. Add 1 ml. of NH4OH (sp.gr. 0.90), heat 
the solution to boiling, and filter through qualitative filter paper. Wash the 
residue and filter paper thoroughly five or six times with hot distilled water. 
To the filtrate and washings, amounting to about 2r?0 ml., add 1 ml. of saturated 
bromine water and sufficient HCl to make it slightly acid. Boil the solution to 
expel the excess bromine. Adjust the acidity, precipitate, and determine the 
sulfur as specified under the Eschka method. 


C, Sodium Peroxide Fusion Method 


Apparatus: (u) Combustion Bomb , — The Parr coal sulfur bomb, or its 
equivalent, shall be used. The bomb shall have an inner surface which is not 
attacked by the chemicals on ignition of the charge. 

(&) Reagents , — Sulfurdree powdered sodium peroxide (Na202), powdered 
c.p. potassium perchlorate (KCIO4) or potassium chlorate (KCIO3), and pow- 
dered c.p. benzoic acid shall be used. 

Method: (a) Place 1 g. of KCIO4 or KCIO3 in a dry sulfur bomb and break 
up any lumps that occur. Add a 0.5-g. sample and mix thoroughly with a 
glass rod. Then add one measure (about 15 g.) sodium peroxide, close the 
bomb and mix thoroughly by shaking. In the case of cokes or anthracites, or 
coals excessively liigh in ash which fail to ignite or fuse properly (as indicated 
by the fusion being honey-combed in appearance), add 0.3 g. of benzoic acid 
to the bomb at the time the chlorate and sample are added. It should be noted 
that a mixture of potassium chlorate and organic matter alone produces a 
mixture of extremely ex])Iosive properties. One of the important functions 
of the sodium peroxide is to provide a diluent, thus slowing down the reaction, 
so care should be taken that it is not omitted in the charge. Potassium per- 
chlorate is fully equal if not superior to the KCIO3, and is without turbulence 

in its reaction. _ ^ 1 1 • 

Fasten the cover securely to the bomb and ignite the charge by applying a 
sharply pointed fl.ame from a blast lamp to the bottom of the bomb for a brief 
period, or by electric ignition, according to the type of bomb used. Place 
tlic bomb inside a piece of steel pipe when the charge is ignited to prevent 
possible injury to the operator if the bomb should burst. Allow one minute 
for complete combustion to take place after ignition, then cool under the tap or 

in a vessel of water. . , i 

Remove the cover from the bomb, place the bomb on its side in a 400-ml. 
beaker and wash off the cover with a fine jet of hot distilled water. Hace a 
watch slas.s over the beaker and cautiously add about 100 ml. of hot distilled 
water. After the contents of the bomb have dissolved, remove and rinse it 
carefully with the distilled water. Add slowly, concentrated Htl to the 
neutral point, then add 1 to 2 ml. of the acid in excess. Filter through qualita- 
tive filter patier into a COO-inl. beaker and wash thoroughly five or six times 
with distilled water. Pilute the filtrate to approximately 400 ml. and precipi- 


u vv A «ii.l.ri.r anfl A C Fiddlier “Check Determinations of Sulfur in Coal and 
Coke ^y the mb-ldS:Tn’d Mium Peroxide Fusion Methods,” Industrial 

md Engineering Chemistry, 29, 72^733 (1027). 
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tate the sulfur with barium chloride and determine as specified under the 
Eschka method. 

(b) Blank Correction. — A blank correction shall be applied by running a 
blank on the reagents used. 

Determination op Phosphorus in Ash 
{For Coal and Coke) 

Solution Required: Molybdate Solution. — Dissolve 65 g. of molybdic acid 
(85%) in a mixture of 143 ml. of NH4OH (sp.gr. 0.90) and 142 ml. of water. 
Add this solution slowly, with constant stirring, to 715 ml. of HNO3 (sp.gr. 
1.20). If the solution is cloudy, add two drops of a solution of ammonium 
phosphate (20%) and allow the precipitate which forms to settle. Filter the 
solution into bottles and, if necessary, re-filter Just before using. If the moiyb- 
dic acid used is 100%, 56 g. should be taken instead of 65 g. 

Method: Method No. l,foT all Cases: Add to the ash from a 5-g. sample, in a 
platinum crucible, 10 ml. of concentrated HNO3 and 3 to 5 ml. of HF. Eva- 
porate the liquid, ignite the residue, and fuse with 3 g. of Na2C03. If un- 
burned carbon is present, mix 0.2 g. of NaNOa with the carbonate. Leach the 
melt wdth water and filter the solution. Ignite the residue, fuse with NazCOj 
alone, leach the melt with water and filter the solution. Just acidify with 
HXOj the combined filtrate held in a flask, add 3 to 5 ml. of concentrated HNOj 
in excess, and concentrate to a volume of 100 ml. Add 6 g. of NH4NO3, bring 
the temperature of the solution to 80° C., add 50 ml. of molybdate solution 
and shake the flask for 10 minutes. When the precipitate has settled, filter 
and wash the precipitate, until free from acid, with a KNO3 solution (2%). 
Place the filter paper with the precipitate in the flask, add 25 ml. of recently 
boiled distilled water, and macerate the filter paper with a glass stirring rod. 
Add a measured excess of standard NaOH solution and agitate the solution to 
completely dissolve the precipitate. Add 3 drops of phenolphthalein solution 
as an indicator and titrate the excess NaOH with a standard HNO3 solution. 
The alkali solution may well be made equal to 0.00025 g. of phosphorus per 
milliliter, or 0.005% for a 5-g. sample. Such a solution would be 0.926 of 
0.2 N.“ 

Note. — The advantage of the use of HF in the initial attack of the ash lies in the 
resulting removal of silica. Fusion with alkali carbonate i.s neces.sary for the elimination 
of titanium, which if present and not removed, will contaminate the phosphomolybdate 
and is said to sometimes retard its precipitation. 

Method No. 2, when Titanium is Low: When titanium is so low as to offer 
no objection, decompose the ash as described above. Method No. 1, but 
carry the evaporation only to a volume of about 5 ml. Dilute the solution 
with water to 30 ml., boil and filter into a flask. If the washings are turbid 
pass them again through the filter. Ignite the residue in a platinum crucible, 
fuse with a little Na^COa, dissolve the melt in HXO3 and add the solution, if 
clear, to the main one. If not clear, filter. The fusion of the residue may be 
disp>ensed with in routine work on a given coal or coke if it is certain that the 
residue ia free from phosphorus. Add NH4OH until a slight precipitate ensues. 

» Hlmann and Buch, Chemical Engineer, 10, 130 (1909). 
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Add concentrated HNOa to just dissolve the precipitate, then add 3 to 5 ml. 
of the acid in excess. Heat the solution, which should have a volume of about 
100 ml., to 80° C. and add 50 ml. of molybdate solution. Shake the flask for 
10 minutes, filter, and determine the phosphorus as described in Method No, 1. 

Determination of Fusibility of Ash 
{For Coal and Coke) 

Apparatus: (a) Standard Furnace. — Gas-fired furnaces such as the coal-ash 
fusion furnace of the Denver Fire Clay Co., the No. 3 Melter's Furnace of the 
American Gas Furnace Co., or their equivalent shall be used. 

These gas-fired furnaces are especially suitable for fusion determination in 
that the burners are arranged on a tangent near the base of the furnace, thus 
producing a rotary flame which completely surrounds the crucible in which 
the ash cones are placed. The whirling flame heats the crucible uniformly and 
when the furnaces are operated wdth an excess of gas over air, a reducing atmos- 
phere is maintained in the crucible, which condition gives the lowest point at 
which the ash fuses. Either natural or artificial gas may be used. Air should 
be supplied at uniform pressure. 



I'lG. 233.— Denver Fire-Clay Furnace and No. 3 Melter's Furnace, with Accessories. 

The stock design of the No. 3 Melter's Furnace should be modified by pro- 
’viding the upper cylinder with two holes in the side; a 2-in. observation hole 
^vith its center 4 in. from the top of the cylinder (excluding cover plate), and 
a 1-in. thermocouple hole 90° to the right of the observation hole; the bottoms 
these holes being in the same horizontal plane. The coal-ash fusion furnace 
as furnished by the Denver Fire Clay Co. is provided with suitable observatioq 
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and thermocouple holes. The interior of the furnaces are cylindrical and 
approximately 7 in. in diameter. Counter-balanced sheet-iron canopies con- 
nected with telescopic flues to an exhaust system are placed over the furnaces 
for conducting the hot gases out of the room. Two furnaces and accessories 
are shown in Fig. 233. 

(b) Rejractory Crucibles , — The interior of the fusion furnace as arranged 
for making a test is shown in Fig. 234. Crucible a is a Corundite crucible 
about 3 in. in inside diameter and about 43^ in. in height outside, with a wall 
thickness of about H The crucible is provided with a cover, b, and shall 
have two holes in the side, an oKservation hole 2 in. in diameter and a thermo- 
couple hole 1 in. in diameter, 90'^ to the right of the observation hole. The 
bottoms of the two holes shall be in the same horizontal plane. The crucible is 
supported by a Corundite support, c, so that the two holes in the crucible are in 
line with the corresponding holes in the furnace wall. The ash cones, d, are 
supported on Corundite disk e so that they are visible through the observation 
hole of the crucible and furnace wall. 



Fiq. 234. — Section of Furnace Arranged for Fasion Tests. 

(c) Observation Hole , — A fused silica, alundum, or refractory porcelain 
tube, /, 1/^ in. in external diameter and 6 to 7 in, long, is cemented in the 
2 in. observation hole of the furnace, the inner end being flush with the inside 
furnace wall and the other end projecting out of the furnace. A brass sleeve 
carrying a single thin glass window, made from ordinary soda glass, shall be 
slipped on the outer end of the observation tube to prevent the escape of 
burning gas, which would interfere with a convenient observation of the cones. 
When observations at high temperatures are made, the cones should be viewed 
through a piece of colored glass. 
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(d) Blowing Tube . — At furnace temperatures above 1000° C. it is very 
difficult to observe the ash cones. An open refractory porcelain blowing tube, 
gf, Fig. 234, about in. in inside diameter shall be inserted in the thermocouple 
hole, the inner end being flush with the inside of the furnace wall. The blowing 
tube shall be connected to the compressed air line by means of rubber tubing 
and the air shall be let into the tube at the time of observation by means of a 
pinch-cock, thus momentarily cooling the ash cones and rendering them visible. 



(e) Brass Cone Mold.— A brass cone mold for making ash cones, % in. 
high and in. each side of the base, which is an equilateral triangle, is 
illustrated in Fig. 235. 

(/) Pyrometer.^— The temperature measurements shall be made with a 
thermocouple of platinum and platinum-rhodium used in conjunction with a 
high-resistance millivoltmetcr or potentiometer; or with an optical pyrometer 
of the disappearing filament tv])e, which has been calibrated to be accurate to 
10° C. up to 1400° C. and to 15° C. from 1400° to 1600° C. If a thermocouple 
is used it should be protected from the furnace pses hy a glazed porcelain tube 
and so placed in the furnace that the hot junction is in the immediate vicinity 
of the cones. The pyrometer equipment shall be checked frequently by 
mounting small pieces of pure gold and nickel in the same manner as the cones 
With a strong reducing atmosphere, 1452° C. should be obtained for the melting 
point of nickel and 1063° C. for the gold. The pyrometer equipment should 


“ For detailed information concerning the use of “ Pyro^ietric Prac- 

tice,’’ U. S. Bureau of Standards Technologic Paper No. 170 (1921). 
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also be standardized from time to time through the temperature range for 
which it is used, by a suitably equipped standardizing laboratory, such as that 
of the U. S. Bureau of Standards. 

(jj') If temperature measurements are made by sighting an optical pyrometer 
through the glass window of the observation tube the following corrections 
shall be added to the observed temperatures to correct for absorption of light 
by the glass window : 


Correction to Obser\t:d Temperature for Absorption op Light by a Single 
Clean Glass Window 


Observed Temperature, 
Deg. Cent. 


Correction to be Added, 
Deg. Cent. 


800 5 

1000 8 

1200 10 

1400 13 

1600 16 


Preparation of Ash: Spread out 50 to 100 g. of the sample passing a 250- 
micron (No. 60) sieve on a G-in. fire-clay roasting dish, and completely convert 
to ash in a muffle furnace at a temperature of 800° to 900° C. Transfer 5 to 
10 g. of this ash to an agate mortar and grind to pass a 74-micron (No. 200) 
sieve. Then place the ash in a silica or porcelain capsule, % in. deep and in. 
in diameter, and ignite for a period of two hours in a current of oxygen, at a 
temperature of 800° to 850° C. This ignition is made to insure complete and 
uniform oxidation of the ash. 

Preparation of Cones : Moisten the ignited ash with a 10% dextrin solution 
and work into a plastic mass with a spatula. Mold the plastic material into 
small triangular pyramids ^ in, high and % in. wide at the side of the base. 
The pyramids are made by firmly pressing the plastic material with a steel 
spatula into a brass mold of the dimensions mentioned, the mold being similar 
to that shown in Fig. 235. • Strike off the surface smooth and remove the cone 
from the mold by applying a small knife blade at the base. Mount the cones 
when dry in a refractory base composed of a mixture of equal parts of kaolin 
and calcined alumina. Moisten the base mixture to make it workable, and 
spread a part of it out on a sheet-iron plate. Then mount the cone in a vertical 
position in a small hole made in the bavSe, and put base material into the hole 
around the bottom of the cone to fill the crevices and make the cone stand firmly. 
Usually five cones are mounted in one base in the manner shown in Fig. 236. 
Dry the sheet-iron plate with the test piece on a hot plate. Ignite the cones at 
a dull red heat for 30 minutes in an open muffle to remove the carbonaceous 
material. 

Method of Heating; Place the test piece in the muffle crucible of the furnace 
in the position shown in Fig. 234, place the loosely fitting cover 6, on the 
crucible, and ignite the gas. It is necessary to let the gas burn about 10 minutes 
to heat the furnace parts before the large cover plate of the furnace is replaced; 
otherwise the flame is apt to blow out. During this time increase the flow of 

” U. 8. Bureau of Standards Technologic Paper No. 170, p. 117 (1921). 

^ A mechanical agate-mortar grinder will save time where many determinations are 
made. 
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gas and air sufficiently to cause the combustion to take place just above the 
tuyeres and yet maintain a yellowish flame at least 6 in. above the opening in 
the furnace cover plate. While such a flame is maintained above the furnace, 
gradually increase the temperature by a suitable adjustment of gas and air to 
800° C., then reduce the rate of heat increase to not less than 5 ° C. and not 
more than 10® C. per minute. Main- 
tain this rate until the end of the test. 

It is also important that the 6 in. reduc- 
ing flame be maintained at the furnace 
vent throughout the test, if possible, 
and at all events up to a temperature of 
1450° C. Temperatures above 1450° 

C. require larger proportions of air to 
gas ; however, a strongly reducing at- 
mosphere is not so essential at the 
higher temperatures, as refractory 
ashes, owing to their low iron-oxide 
content, are only slightly affected by oxidizing or reducing atmospheres. 
After a test has been completed, turn the supply of gas and air off gradually 
to avoid cracking the muffle crucible. 

The softening temperature is defined as the temperature at which the cone 
has fused down to a spherical lump, as shown in cones 2 and 3 of Fig. 236. 
Cone 4 has almost reached the softening temperature. 

Notes.— Critical points other than the softening temperature, that may be observed 
during the test, and which may be of value are as follows: 

The Initial Dt formation Temperature.— The temperature at which the first rounding 
or bending of the apex of the cone takes place, as shown in cone 1 of lig. 236. Such 
bending must not be confused with a shrinking or warping of the cone. 

The Fluid Temperature.— The temperature at which the cone has spread out over 
the base in a flat layer, as represented by cone 5 of Fig. 236. 



Fig. 236.^Typical Forms of Cones Fused 
in the No. 3 Mel ter ’a Furnace. 


ULTIMATE ANALYSIS 
(For Coal and Coke) 

Carbon and Hydrogen 
Method With Gas-Healed Combusiiofi Furnace 

The determination of carbon and of hydrogen shall be made with a weighed 
(piantity of the sample in a 25-burner combustion furnace of the Glaser type. 
The products of combustion shall be thoroughly oxidized by passing them over 
red-hot CuO and PbCr 04 , and shall be fixed by absorbing the water in a weighed 
Marchand tube filled with granular CaCL and by absorbing the CO 2 in a Liebig 
bulb containing a 30% solution of KOH. -‘jv 

Apparatus.— The apparatus used shall consist of a purifying tram in dupli- 
cate, a combustion tube in the furnace, and an absorption train. 

(a) The purifying train shall consist of the following Purifj^ing reagents 
arranged in order of passage of air and oxygen through them: H 2 SO 4 , KOll 
solution, soda lime, and granular CaCls. One of the trams is for air and one 
for oxygen In the H 2 SO 4 and KOH scrubbing bottles the air and the oxygen 
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shall be made to bubble through about 5 mm. of the purifying reagent. Both 
purifying trains shall be connected to the combustion tube by a Y-tube, the 
joint being made tight by a rubber stopper. 

(6) The combustion tube shall be made of hard Jena glass, or its equivalent. 
Its external diameter shall be about 21 mm., and its total length 1 meter. 
The first 30 cm. of the tube shall be empty; following this empty space is an 
asbestos plug (acid-washed and ignited) or in its place a roll of oxidized copper 
gauze may be used; the next 40 cm. shall be filled with “ wire CuO ; a second 
asbestos plug separates the copper oxide from 10 cm. of fused PbCr 04 , which 
shall be held in place by another asbestos plug 20 cm. from the end of the tube. 
The end of the tube shall be drawn out for rubber-tubing connection with the 
absorption train. 

(c) The absorption train shall consist of a Marchand tube filled with granular 
CaCIa to absorb moisture. The CaClo should be saturated with CO 2 before 
uxing. The Marchand tube shall be followed by a Liebig bulb containing a 
30% KOH solution, in which any possible impurities, as ferrous iron or nitrates, 
have been oxidized by a little KMn 04 . A guard tube, containing granular 
CaCla and soda lime, shall be attached to the Liebig bulb to absorb any CO 2 
escaping the KOH solution and any water evaporating from that solution. 

Procedure. — Connect the train to an aspirator which draws the products 
of combustion through the entire train. A guard tube of CaCL prevents 
moisture from running back into the absorption train. Maintain the suction 
constant by a Mariotte flask. The advantage of aspirating the gases through 
the train rather than forcing them through by pressure is that the pressure on 
the rubber connections is from the outside, so that gas-tight connections are 
more easily maintained than if the pre.ssure is on the inside of the tube. Make 
the connections as tight as possible. The usual test for tightness is to start 
aspiration at the rate of about three bubbles of air per second through the 
potash bulb, and then to close the inlet for air and oxygen at the opposite end 
of the train; if there is no more than one bubble per minute in the potash bulb, 
the apparatus shall be considered tight. 

Before starting a determination when the train has been idle some hours, or 
after any changes in chemicals or connections, run a blank by aspirating about 
1 liter of air through the train, which is heated in the same manner as if a 
determination on the sample were being made. If the Liebig bulb and the tube 
containing calcium chloride show a change in weight of less than 0.5 mg. each, 
the apparatus is in proper condition for use. 

Use a porcelain or platinum boat provided wdth a glass weighing tube of 
suitable size, which is fitted with an accurately ground glass stopper. Weigh 
the tube and empty boat. Quickly place in the boat approximately 0.2 g. of 
the air-dry sample (pas.sing a 250-micron (No. 60) sieve and finer, or better, 
passing a 149-micron (Xo. 100) sieve if much free impurity is present). Place 
the boat at once in the weighing tube, which is quickly stoppered to prevent 
moisture change in the sample while weighing, and transfer to the furnace. 
Connect the absorption tubes and transfer the boat and sample from the weigh- 
ing tube to the comliustion tube, which should be cool for the first 30 cm. The 
CuO should be red hot and the PbCr 04 at a dull-red heat. Transfer the boat 
from the weighing tube to the combustion tube as rapidly as possible. 
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As soon as the boat is in place near the asbestos plug at the beginning of the 
copper oxide insert the stopper connecting with the purifying train and start 
the aspiration with pure oxygen gas at the rate of three bubbles per second. 
Turn on one burner about 10 cm. back from the boat, and continue the aspira- 
tion carefully until practically all the moisture is expelled from the sample. 
Then increase the heat very gradually until all the volatile matter has been 
driven off. In driving off the volatile matter the heat must be applied gradually 
in order to prevent a too rapid evolution of gas and tar, which may either escape 
complete combustion or may be driven back into the purifying train. Increase 
the heat slowly by turning on more burners under the open part of the tube until 
the sample is ignited ; then the temperature may be increased rapidly, but care 
should be taken not to melt the combustion tube. 

Any moisture collecting in the end of the combustion tube or in the rubber 
connection joining it to the CaCb tube may be driven over into the CaCL tube 
by carefully warming with a piece of hot tile. Continue the aspiration with 
oxygen for 2 minutes after the sample ceases to glow, then turn off the heat and 
aspirate about 1200 ml. of air. Disconnect the absorption bulbs, wipe with 
a clean cloth, and allow to cool to the balance-room temperature before weighing. 

Calculate the percentages of hydrogen and carbon as follows ; 


Percentage of hydrogen — 11.19 X 
Percentage of carbon = 27.27 X 


(increase in weight of CaCb tube) 
Weight of sample 
(increase in weight of KOH bulb) 
Weight of sampl 


Weigh the ash in the boat and carefully inspect it for any unbumed carbon, 
which would destroy the value of the determination. 


Method with Elcctricalhj- Heated Combustion Furnace 

(а) Apparatus.— An el cc tricall y-hea ted combustion furnace of the Heraeus 
lyp^ ig used by the Bureau of hlines.^® It consists of three independent heaters, 
two of which are provided wdth sheave w'heels, and are mounted on a track so 
that they are movable along the tubej the third heater which surrounds the 

PbCr 04 , is stationary. • i j t. 

(б) The furnace as provided by the manufacturer does not include the small 
stationary heater. This may be made in the laboratory by winding an alunduin 
tube 12 cm. in length with No. 20 nichrome II wire and enclosing it in a cylinder 
packed with magnesia-asbestos. The movable heaters have very thin platinum 
foil, weighing about 9 g. in all, wound on a porcelain tube of 30 mm. internal 
diameter. The larger one w hich heats the CuO, is 350 rain, in length, and the 
smaller one, which heats the sample in the boat, is 200 mm. in length. 

(c) The Jena glass or fused silica combustion tube, of about 21 mm. external 
diameter and 900 mm. in length, is supported by an asbestos-lined nickel trough. 
The current through each heater shall be regulated independently by separate 
rlieostats, mounted on the frame of the furnace. The two platinum- wound 
heaters require an average current of about 4.5 amperes at a pressure o 
''^’olts, although for heating rapidly a larger amperage is necessary. 

U. 8. Bureau of Mines Technical Paper No. 8, p. 20 (1929). 
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Procedure— Purify the oxygen or air entering the combustion tube by 
passing through a Tauber’s drying apparatus, which contains the 

^ea cuts arran^d in order of the passage of ^^iontaSr 

H.SO4 for removing possible traces of ammonia, 30% KOH solution, granular 
A Hmo anti irranular CaCU. Connect one side of the tram directly to a 
Unde oT;g:ftanrpr:viSl ndth a reducing valve for regulating the oxygen 
pressure - use the other side of the tram for purifying the suPP'y- 

TSe kbsorption train shall consist of a 5 in. U-tube filled with granu^^ 
CaCb to absorb moisture. Before using, saturate the CaCU with CO2 to avoid 
possible absorption of CO2 during a determination by any traces of 
Ly be present. This saturating is done most 

quantity of CaCh in a large drying jar, and filling the J^r with COo. Mt 
Standing over night, draw dry air through the jar to remove the CO2. Keep 

the treated CaCl2 in well-stoppered bottles. - i. • ‘ncT q tCOH 

Connect the CaCh tube to a Vanier potash bulb containing ^ 30% KO 
solution and granular CaCh. Six to eight determinations may be made ithout 
recharging this bulb. Connect the potash bulb to an aspirator th™ugh a gua 
Tube containing granular CaCh and soda lime, and a Manotte flask. The 

Mariotte flask keeps the pressure constant. ^ <. tUo nne nscH 

In general, the method of determination is the same as the o"® 
with the gas furnace as previously described. By moving the heaters toward 
the end of the tube where the gases enter, and cutting in 

air may be warmed enough to thoroughly dry the tube aii^d ' « contents Cut 

off the current from the small heater, and move the large heater oxer the CuU, 

keep exTsed about 250 mm. of that part of the combustion tube between 

the two heaters where the boat containing the sample is to 

the full current on the large heater to bnng the CuO to a red heat. “ 

temperature is reached it is necessary to reduce the current 

to avoid melting the tube. In the meantime, weigh and connect the absorption 

train and place the boat containing the sample in the exposed and cooler p 

cunent fhroilh theihorter heater. By manipulating the rheostat 
and by gradually pushing this heater toward the boat, the ^ “ 

of moisture and evolution of volatile matter may be • . w 

After combustion is complete, turn the electric current off the ^ a Be ^ 
and move this heater back, to allow the tube to cool for the next determ nabom 
Conduct the final aspiration of air and the weighing of the absorption tram 
described in the Sections under the gas-furnace method. 

Kote —In place of granulated CaCb, concentrated H^SO, may be used for colleclinS 
the water’ formed by combustion. In «uch casfM the ”yf^bv h 7 s 6 

buation tube and the Ras leaving the potash the^a^bove pro- 

Other suitable forms of absorption vessels than those indicated m the a 

cedure may be used. 

NITROGEN 

The Kjeldahl-Gunning method is recommended for the determinate of 

nitrogen. This method has the advantage over either the ^ 

the Gunning method, in requiring less time for the complete oxid 
organic matter, and in giving the most uniform results. 



COAL AND COKE 


1653 


The Kjeldahl-Gunning Method. — Boil 1 g. of the sample with 30 ml. of 
concentrated H2SO4, 7 to 10 g. of K2SO4, and 0.6 to 0.8 g. of metallic mercury 
in a 500-ml. Kjeldahl flask until all particles of the sample are oxidized and the 
solution nearly colorless. Continue the boiling at least 2 hours after the solu- 
tion has reached the straw-colored stage. The total time of digestion will be 
from 3 to 4 hours except in the case of coke and anthracite coal which require 
much longer digestion. The addition of a few crystals of KMn04, after the 
solution has cooled enough to avoid violent reaction, tends to insure complete 
oxidation. Coke and anthracite coal should be ground to an impalpable 
powder, as they are very difficult to oxidize. Even if this is done the digestion 
may require 12 to 16 hours. 

After cooling, dilute the solution to about 200 ml with cold water. If the 
dilution with water has wanned the solution, cool it again and add the following 
reagents : 25 ml K2S solution (40 g. K2S per liter) to precipitate the mercury, 
1 to 2 g. of granular zinc to prevent bumping, and finally enough strong NaOH 
solution (usually 80 to 100 ml) to make the solution distinctly alkaline. The 
danger of loss of NH3 may be minimized by holding the flask in an inclined 
position while the NaOH solution is being added. The alkaline solution runs 
down the side of the flask and forms a layer below the lighter acid solution. 
After adding the alkaline solution, connect the flask at once to the condensing 
apparatus and mix the solution by gently .shaking the flask. 

Distill the NII3 over into a measured amount (10 ml) of standard H2SO4 
solution, to which has been added sufficient cochineal indicator for titration. 
Care should be taken that the glass connecting tube on the end of the condenser 
dips under the surface of the standard acid. Distill the solution slowly until 
150 to 200 ml of distillate has passed over. To avoid mechanically entrained 
alkali passing over into the condenser, the rate of distillation should not exceed 
100 ml. per hour. Titrate the distillate with standard NH3 solution (20 ml. 
NH4OH solution = 10 ml. H2SO4 solution = 0.05 g. nitrogen). Standard 
XaOH or KOH solution with methyl orange or methyl red as indicator may 
be used instead of NH3 and cochineal 

A blank determination shall be made in exactly the same manner as described 
above, except that 1 g. of pure sucrose (cane sugar) shall be substituted in place 
of the sample. The nitrogen found in this blank determination shall be de- 
ducted from the result obtained with the sample. 

The K3S and NaOH may be dissolved in a single stock solution. Dissolve 
sufficient K2S in the water before adding the NaOH, to make a solution in which 
the quantity necessary for a nitrogen determination (80 to 100 ml.) contains 1 g. 
of K2S. Twelve grams of K2S and 500 g. of NaOH in one liter of water, are 
required for the above proportions. 


OXYGEN 

There being no satisfactory direct method of determining oxygen it shall 
be computed by subtracting the sum of the percentages of hydrogen, carbon, 
Jdtrogen, sulfur, water and ash from 100. The result so obtained is affected 
by all the errors incurred in the other determinations and especially by the 
change in weight of the ash-forming constituents on ignition. In the case of 
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coal, iron pyrite changes to ferric oxide, increasing the ash and causing a nega- 
tive error in the oxygen equivalent to three-eights of the pyritic sulfur. On 
the other hand, there is always a loss on ignition, of water of composition 
from the clayey and shaley constituents, CO2 from carbonates, etc., which tends 
to compensate the absorption of oxygen. 

Corrected Oxygen (for Coal). — When a more correct oxygen value is de- 
sired, it may be obtained by making the corrections indicated in the following 
formula : 

Corrected oxygen ^ 100— [(C— CO + (// — //')+ A -l-/^^20-|-*S'-t-corrected ash] 

where C = total carbon ; 

C' = carboii of carbonates; 

H = total hydrogen less hydrogen of water; 

= hydrogen from water of composition in clay, shale, etc., 

A' = nitrogen; 

//.;0 = moisture as found as 105® C.; 
iS'=sulfur not present as pyrite or sulfate. This is usually 
small. In many types of coal it may be disregarded. 

Corrected ash = mineral constituents originally present in the coal. For 
most purposes this can be determined with sufficient accuracy by 
adding to the ash, as found, five-eighths of the weight of pyritic 
sulfur, the CO2 of carbonates and the water of composition of 
clay, shale, etc. See also Determination of Ash, Sections 
10 and 11. 

Calorimetric Determixatiox 
{For Coal and Coke) 

Apparatus: (a) Combustion Bombs. — The Atwater, Davis, Emerson, 
Mahler, Parr, Peters, Williams, or similar bombs may be used. The bomb shall 
have an inner surface and accessory fittings, including crucible, of platinum, 
gold, porcelain enamel, or other material which is not attacked by IINO3 and 
H2S04, or other products of combustion. 

(6) Calorimeter Jacket. — The calorimeter shall be provided with a water- 
jacket having a cover to protect the calorimeter from air currents. The jacket 
shall t)e kept filled with water wuthin 2 or .3® C. of the temperature of the room 
(except in calorimeters which arc totally submerged, where the jacket tempera- 
ture is controlled by a thermostat) and should be stirred continuously by some 
mechanical stirring device. 

(c) Stirring of the Calorimeter Water. — The water in the calorimeter shall 
be stirred sufficiently well to give consistent thermometer readings while the 
temperature is rising rapidly. The sfjced of stirring should be kept constant. 
A motor-driven screw or turbine stirrer is recommended and the speed should 
not be excessive. This may be determined by adjusting the temperature of 
the calorimeter to equality with that of the jacket and allowing the stirrer to 
run continuously for 10 minutes. If the temperature of the calorimeter rises 
more than about 0.01® C. in this length of time, the rate of stirring is excessive. 
Accurate results cannot be obtained when too much energy is supplied by the 
stirring device or when the rate of stirring is irregular. The portion of the 
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stirring device immersed in the calorimeter should be separated from that 
outside by non-conducting material, such as hard rubber, to prevent conduction 
of heat from the motor or outside air. 

(d) ThermoineteTS, Thermometers used shall have been certified by a 
government testing bureau and shall be used with the corrections given on the 
certificate. Ihis shall also apply to electrical resistance or thermo-electric 
thermometers. Correction shall also be made for the temperature of the 
emergent stem of all mercurial thermometers, and for the “ setting ” of Beck- 
mann thermometers. For accurate work, cither Beckmann or special calori- 
metric thermometers graduated to 0.01° or 0.02° C. are required. Such ther- 
mometers should be tapped lightly just before each reading to avoid errors 
caused by the sticking of the mercury meniscus, particularly when the tem- 
perature is falling. A convenient method is to mount a small electric buzzer 
directly on the top of the thermometer and connect it with a dry cell and a 
push button. The button should be pressed for a few seconds immediately 
before each reading. 

(e) Oxygen .— oxygen used for combustions shall be free from com- 
bustible material. The total amount of oxygen contained in the bomb for 
combustion shall not be less than 5 g. per gram of the sample. But the com- 
bustion must be complete, as shown by the absence of any sooty deposit on 
opening the bomb after firing. 

if) Firing Wire . — The sample in the bomb may be ignited by means of 
cither iron or platinum wire. If iron wire is used, it should be of about No. 34 
B. S. gage and not more than 10 cm. (preferably 5 cm.) should be used at a 
time. A correction of 1600 calories per gram weight of iron wire burned shall 
be subtracted from the observed number of calories. 

(g) Standardization.— The water equivalent of a calorimeter can best be 
determined by the use of the standard combustion samples supplied by the 
II. S. Bureau of Standards. The required water equivalent is equal to the 
weight of the sample multiplied by its heat of combustion per gram and divided 
hy the corrected rise in tGmi)erature, 

The calorimeter sliall be standardized by the combustion of standard 
samples supplied by the Bureau of Standards, and used according to the direc- 
tioius given in the certificates which accompany them. A standardization shall 
consist of a sori(’s of not less than five combustions of either the same or different 
standard materials. The conditions as to the amount of water, oxygen, firing 
wire, method of correcting for radiation, etc., under which these combustions 
are made shall be the same as for combustions of the sample. In the case of any 
disagreement between contracting ])artic5 a check standardization may consist 
of two or more combustions of standardizing samples. 

Procedure: (a) Preparation of Sample.— The ground sample shall be 
thoroughly mixed in the bottle and an amount, approximately 1 g., shall be 
taken out and wciglicd in the crucible in which it is to be burned. Samples 
\vhlch are likely to be blown out of tlie crucible should be briqueted. After 
Weighing, the sainjile shouhl pr(!fcrably be immediately placed in the bomb and 
tins closed. Tliis procedure is necessary to avoid sublimation in the use of 
i^aphthalene for standardization. 

(b) Preparation of the Bomb.— The firing wire, if iron, shall be measured 
and coiled in a small spiral and connected between the platinum terminals, 
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using, if necessary, a piece of platinum wire somewhat heavier than the iron 
wire, to make the connection. The platinum and the iron shall both be clean. 
About 0.5 ml. of water should be placed in the bottom of the bomb to saturate 
with moisture the oxygen used for combustion. When the crucible is put in 
place in the bomb, the firing wire should touch the sample or briquet of standard 
material. For the combustion of standardizing samples iron wire is preferable 
to platinum. 

(c) Filling the Bomb with Oxygen. — Oxygen from the supply tank shall be 
admitted slowly to avoid blowing the sample from the crucible without dis- 
placing the original air content, and the pressure allowed to reach 20 atmos- 
pheres for the larger bombs or about 30 atmospheres for the smaller bombs, so 
that the bomb shall contain an amount of oxygen sufficient for complete com- 
bustion, namely, at least 5 g. per gram of the sample. This method of filling 
should insure sufficient nitrogen for complete oxidation of the sulfur in the coal.” 

(d) Calorimeter Water. — The calorimeter shall be filled with the required 
amount of distilled w^ater, depending upon the type of calorimeter. The 
amount may be determined either by measurement in standardized flask or by 
weighing. The amount shall be kept the same as that used in the standardiza- 
tion of the apparatus. 

(e) Temperature Adjustments. — The initial temperature in the calorimeter 
snail be so adjusted that the final temperature, after the combustion, will not 
be more than 1° C., preferably about 0.5“ C., above that of the jacket, under 
which conditions the total correction for heat gained from or lost to the sur- 
roundings will be small when the rise of temperature is 2® or 3“ C., and the 
effect of evaporation will also be small. 

(/) Fifing Current. — The electric current used for firing the charge shall be 
obtained from storage or dry cells having an electromotive force of not more 
than 12 volts. A higher voltage is liable to cause an arc between the firing 
terminals, introducing additional heat, which cannot be measured with cer- 
tainty. The circuit should be closed by means of a switch which should remain 
closed for not more than 2 seconds. When possible, it is recommended that an 
ammeter be used in the firing circuit to indicate when the firing wire has burned 
out. 

(g) Method of Making an Observation. — The bomb when ready for firing, 
shall be placed in the calorimeter, the firing wires connected, the cover put in 
place and the stirrer and thermometer so placed as not to be in contact with 
the bomb or container. The stirrer shall then be started and after the ther- 
mometer reading has become steady, not less than 2 minutes after the stirrer is 
started, temperatures shall be read at 1-minute intervals for 5 minutes and tlu' 
charge then fired, the exact time of firing being noted. Observations of 
temperature shall then be made at intervals depending upon the method to l>o 
used for computing the cooling correction. When the temperature has reached 
its maximum and is falling uniformly, a series of thermometer readings shall I c 
taken at 1-minute intervals for 5 minutes to determine the final cooling rate. 

(h) Titration. — After a combustion and after allowing the gas to escape tlu' 
bomb shall be opened and the inside examined for traces of unburned materiid 

H. Regester, “Oxidation of Sulfur Compounds of Coal, and of Nitrogen in tie 
Bomb Calorimeter, and the Correction to be Applied in Determining the Heating Value 
of Coal,” Industrial and Engineering Chemistry, 6, 812 (1914). 



COAL AND COKE 


1657 


or sooty deposit. If these are found, the observations shall be discarded. If 
the combustion appears complete, the bomb shall be rinsed out thoroughly and 
the washings titrated with a standard alkali solution (1 ml. ==0.02173 g. HN03 = 

5 calories) using methyl-orange or methyl-red indicator, to determine the 
amount of acid formed. A correction of 230 calories per gram of HNO3 should 
be subtracted from the total heat observed. An additional correction of 1300 
calories per gram of sulfur in the sample should be made for the excess of dif- 
ference in heats of formation of SO^ and aqueous H2SO4 over the heat of forma- 
tion of aqueous HNO3. 

Calculation of Results: The following method of calculation is recommended 
to take the place of the Pfaundler or other similar formulas for calculating the 
cooling correction (radiation correction) ; 

Observe (1) the rate of rise, ri, of the calorimeter temperature in degrees per 
minute for 5 minutes before firing; (2) the time, a, at which the last temperature 
reading is made immediately before firing; (3) the time, 6, when the rise of 
temperature has reached six-tenths of its total amount (this point can generally 
be determined by adding to the temperature observed before firing, 60% of the 
expected temperature rise, and noting the time at which this point is reached) ; 
(4) the time, c, of a thermometer reading taken when the temperature change 
has become uniform some 5 minutes after firing; (5) the final rate of cooling, 
Tif in degrees per minute for 5 minutes. 

Multiply the rate by the time 6 - a in minutes and tenths of a minute, and 
add to this product (subtracted if the temperature was falling at the time a) 
to the thermometer reading taken at the time a. Multiply the rate ^2, by the 
time c-6 and add this product (subtracted if the temperature was rising at the 
time c and later) to the thermometer reading taken at the time c. -The differ- 
ence of the two thermometer readings thus corrected, provided the corrections 
from the certificate have already been applied, gives the total rise of tempera- 
ture due to the combustion. This multiplied by the water equivalent of the 
calorimeter gives the total amount of heat liberated. Divide this result, cor- 
rected for the heats of formation of HNO3 and H2SO4 observed and for the 
heat of combustion of the firing wire, when that is included, by the weight of 
the charge to find the heat of combustion in calories per gram. Calories per 
gram multiplied by 1 .8 give the British thermal units per pound. (Sec example.) 


Note— In practice, the time b~a will be found so nearly constant for a given 
calorimeter with the usual amounts of fuel that h need be deterrmned only occasionally. 

Tfie results shall be reduced to calories wr gram or 
of dry sample, the moisture being determined upon a sample taken from the bottle at 
about the same time as the combustion sample is taken. 

When the temnernture rise is not approximately known beforehand, it is only 
nece.ss;ry to take readings at'io, 60 60 seconds 

with some calorimeters) after firing, and from these observations to find the 

temperature rise had reached 60% of the total lhas if the ‘‘‘ ® 

2.135” C., at 40 .seconds 3.05°, at 50 seconds 3.92 at 60 
temperature was 4.200°, the total rise was 2.07 ; 60% of ‘t 

to be observed was then 2.U° + 1.24° = 3.3S° Referring obseiwations a^^^^ 

60 seconds, the temperatures were respectively 3.0 j and 3.92 . The time corresponding 
to the temperature of 3.38^ was, therefore: 


40-f 


3.38- 


3.92-3.05 


^■^-5x10=44 seconds. 
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Example . — 

Observations. 

Water equivalent = 2550 g. 

Weight of charge = 1.0535 g. 

Aj)proximate rise of temjierature expected =3.2® C. 

60% of approximate rise= 1.9° C. 

Thermometer 

Readiiigs, Corrected Temperature 

Time Deg. Cent. (or corrected Beckmann thermometer readings) 

10-21 15.244 Thermometer corrections taken from the certificate 

22 15.250 

23 15.255 

24 15.261 

25 15.266 

(а) 26 15.272 15.276° C. 

Charge fired 

(б) 27.2 17.2“ 

(c) 31 18.500 18.497° C. 

32 18.498 

33 18.497 

34 18.496 

35 18.494 

36 18.493 

“ The initial temperature is 15.27° C.; 60% of the expected rise is 1,9° C. The 
reading to observe is then 17.2° C. 

Calculation 


Ti =0.028° ^5 =0.0056° per minute. b — a=l,2 minutes. 

The corrected initial temperature is 15.276° 4-0.00-56° X 1 .2 = 15.283° 

Tj = 0.007° =5 =0.0014° j)er minute; r — 5 = 3.8 minutes 

The corrected final tem{)erature is 18.407°4'0‘0014°X3.8 =18.502° 

Total ri.^e 18.502° -15.283° = 3.219° 

Total calories 25;50X 3.2 19 = 8209 

Titration, etc —7 


Calories from 1.053-5 g. sample 8202 

Calories per gram 7785 

or Briti.sh thermal units per pound 14013 


The re.sult obtained by the above method of computation and determination is the 
total heat of combustion at constant volume, with the water in the products of combastion 
condensed to liquid at the temperature of the calorimeter, that is, about 20 to 3-5° C. 

Xet heat of combustion at 20°, shall refer to results corrected for latent heat of 
vaporization, as follows: 

Total heat of combustion in B.t.u, — 1040 (total hydrogen XO) =net heat of combus- 
tion in B.t.u. per pound. 

Also : 

Total heat of combastion in calories — 580 (total hydrogenX9) = net heat of corn- 
bastion in calories per gram. 

XoTEs. — For anthracite, coke, and coal of high ash content, which do not readily burn 
completely, the following procedure is recommended; 

The inside of the cmcible i.s lined completely with ignited a-sbestos in a thin layer 
pressed well down into the angles. The sample is then sprinkled evenly over the surface 
of the asbestos. Otherw ise the procedure is as previously described. 

The method of computing the “cesding correction” described in U. 8. Bureau of 
Mines Technical Paper No. 8, pp. 26-30 (1929), may also be used. 


ces: The permissible differences betw'een two or more determinations 


shall not exceed the values as specified. 
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Permissible Differences 

Same Different 

Laboratory Laboratories 


On Laboratory Samples, Crushed to Pass Through an 
840-Mickon (No. 20) Sieve. 

Moisture: 

Under 5% 

Over 5% 

On Laboratory Samples, Crushed to Pass Through 
a 2.j0-MrcRON (No. 60) Sieve. 

1. Moisture: 

Under 5% 

Over 5 % 

2. Ash: 

No rarhonaU’S present 

Carbonates present 

Coals w ith more than 12^)^ of ash, containing carbonate 
and pyrite 

3. Volatile Matter: 

Bituminous coals 

I.ignite.s 

Cokes 

4. Sulfur: 

Coni, Under 

('oal, Over 2 ''^ 

Coke 

5. Ultimate .Analysis: 

('arhon 

Hydrogen 

Nitrogen 

6. Calohimetrk’ Determination: 

Pennissible differences in per cent 

7. Fi'snnLiTY OF C'oAL Ash: 

Permissible differences in deg. ('ent 


0.2 

0.3 

0.3 

0.5 


0.2 

0.3 

0.3 

0.5 

0.2 

0.3 

0.3 

0.5 

0.5 

1.0 

0.5 

1.0 

1.0 

2.0 

0.2 

0,4 

0.05 

0.10 

0.10 

0.20 

0.03 

0.05 

0.3 


0.07 


0.05 


0.3 

0.5 


30 50 



ANALYSIS OF EXPLOSIVES * 


The methods described in this chapter cover all of the more common types 
of explosives employed in the United States for both commercial and military 
purposes. Those of chief commercial importance are black powder, nitro- 
glycerin dynamites, including “ straight ” dynamites, ammonia dynamites, 
gelatin dynamites, and low-freezing dynamites, “ Permissible ” coal mining 
explosives and nitrostarch blasting explosives. Military explosives include 
smokeless powder, guncotton, trinitrotoluene, picric acid, ammonium picrate, 
“ Amatol/’ tetryl and tetranitroaniline. No sharp distinction can, however, 
be drawn between commercial and military explosives, as many are utilized 
for both purposes. Many tons of surplus TNT on hand at the end of the 
World War were used in commercial work; nitrostarch explosives found impor- 
tant application for military use during the war; mercury fulminate, lead azide, 
and other detonators and priming compositions are essential in every field of 
explosives. 

The methods described have largely been used by the writer in practical 
explosives testing and analysis in connection with both Government and pri- 
vate work. Most of those applying to commercial explosives have been 
approved by the United States Bureau of Mines for use in its Kxplosives 
Chemical Laboratory .2 


BLACK POWDER 

The composition of black pow^der varies to some extent, depending chiefl\" 
on the purpose for which the explosive is to be used. Black blasting powder 
contains sodium nitrate, charcoal and sulfur; black gunpowder is quite similar 
except that potassium nitrate is generally substituted for the sodium nitrate; 
black fuse powder is similar to the latter, differing mainly in its granulation. 
The same general method of analysis is therefore applicable to all types of 
black powder. 

Sampling.— From 50 to 100 grams of the original sample is crushed in small 
portions in a porcelain mortar and completely passed through an 80-me.sh 

1 Chapter by C. G. Storm. Published by permission of Chief of Ordnance, U. S. A- 

2 See Bureau of Mines Bulletin No. 51, “The Analysis of Black Powder and Dyna- 
mite/’ W. O. Snelling and C, G. Storm, 1913, Bulletin No. 96, “The Analy.sis of Per- 
missible Explf>sives,” C. G. Storm, 1916, Bulletin No. 219, “Explosives, their Mate- 
rialsfCJbnatitution and Analysis,” C. A. Taylor and W. H. Rinkenbach, 1923, and Teeh. 
Paper No. 282, “Analysis of Detonating and Priming Mixtures,” C. A. Taylor anil 
W. H. Rinkenbach, 1922. 

im 
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sieve, care being taken to avoid undue exposure to the air. The separate 
powdered portions are promptly bottled and the entire sample is finally well 
mixed. 

Moisture. — The standard method of the Bureau of Mines is to desiccate a 
2-gram sample on a 3-inch watch glass over sulfuric acid for three days, the 
loss of weight being moisture. It has been shown, however, that equally 
accurate results can be obtained by drying at 70“ C. in a constant temperature 
oven to constant weight, for which 2-3 hours is usually sufficient. As much 
as 5 hours drying at 70° C. will not cause loss of sulfur. Drying at 100° C. 
gives results which arc slightly high, due to loss of sulfur. 

Nitrates. — About 10 grams of the finely ground sample in a Gooch crucible 
provided with an asbestos mat, is extracted with warm water by means of 
suction, the water being added in 15-20 ml. portions and each portion being 
allowed to stand in the crucible a short time before suction is applied. About 
200 ml. of water is usually sufficient, but the last drops of filtrate should be 
tested by evaporation to ensure the absence of nitrates. A blue color on the 
addition of sulfuric acid containing a few crystals of diphenylamine will also 
indicate the presence of nitrates. 

The water extract includes a small amount of water-soluble organic material 
from the charcoal in addition to the nitrate. It is made up to 250 ml. and an 
aliquot portion (50 rah), evaporated to dryness on the steam bath, treated with 
a little nitric acid, again evaporated, heated to slight fusion and weighed. 

If allowance for impurities in the nitrate is desired, a direct determination 
of nitrate may be made on a separate portion of the water extract by the 
Devarda method or by means of the nitrometer, but for all practical purposes 
the evaporation method is sufficient. The usual tests should be made to 
determine whether sodium nitrate or potassium nitrate is present. ^ 

Some black powders contain barium nitrate in addition to potassium nitrate. 
Barium nitrate, if present, is determined in an aliquot portion of the water 
extract by precipitating with sulfuric acid and weighing the precipitate of 
barium sulfate. 

The residue left in the crucible, consisting of sulfur and charcoal, is dried 
at about 70° C. to constant weight (for 5 hours or over night if more con- 
venient), the loss of weight minus the moisture content being the water- 
soluble portion. This result serves as a check on the evaporation result. 

Sulfur.— The residue in the crucible is extracted in a Wiley extractor or 
other continuous extraction apparatus wdth carbon disulfide, until evapora- 
tion of a small portion of the solvent passing through the crucible shows 
absence of sulfur. The excess of carbon disulfide is then allowed to evaporate 
from the crucible in a w'arm place away from flame, and the residue finally dried 
to constant weight at 100° C. The loss of weight is considered as sulfur. 

Charcoal.— The dry residue in the crucible should consist only of charcoal. 

Ash.— The ash in the charcoal may be determined by ignition over a 
Bunsen burner until all of the carbon has been burned off, and weighing. 
This ash also contains, of course, any non-volatile matter that ^ay have been 
present in the sulfur and nitrate. An ash content in excess of 1% (calculated 
on the weight of powder taken for analysis) may be regarded as an indication 
of incomplete extraction of nitrate, 
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Calculatioii of Results. — Since a portion of the charcoal is always dissolved 
in the water extract, it is customary to express the content of charcoal by 
subtracting the sum of the following from 100% : 

% Aloisture (by desiccation or drying at 70“ C.). 

% Nitrate (by evaporation of water extract with HNO3), 

% Sulfur (by loss on extraction with CS2). 


NITROGLYCERIN DYNAMITES 
“ Straight ” Dynamite 

So-called “ Straight ” nitroglycerin dynamite has been manufactured to 
only a relatively small extent in this country for a number of years. This was 
due in part to wartime developments in the manufacture of both ammonium 
nitrate and nitrocompounds, and in part to the high price of glycerin, which 
reached its maximum about the early part of 1927. During recent years the 
use of ethylene glycol dinitrate (more commonly called nitroglycol) as a sub- 
stitute for a considerable part of the nitroglycerin in various types of dynamites 
and permissible explosives has greatly decreased the amount of straight 
dynamites manufactured. '' Straight nitroglycerin dynamites are still used 
to some extent, however, particularly where quick-acting dynamites of high 
strength are required, as in blasting in hard rock. They consist essentially of 
nitroglycerin absorbed in a ‘‘ dope ” composed of a combustible absorbent, 
usually wood pulp, and an oxidizing material (sodium nitrate), to which has 
been added a small amount of an antacid (calcium carbonate, zinc oxide, etc.). 
The analysis is best carried out by successive extractions, usually with ether, 
water and hydrochloric acid. 

Sampling. — The wrappers are removed from a number of the cartridges, 
and from 3 to 5 cm. of the ends of the exposed roll of explosives rejected. The 
remainder is thoroughly mixed on a large sheet of paraffined paper or in a large 
porcelain dLsh, and an average sample selected and bottled — usually about one 
half pound. The importance of thorough mixing of the sample must not be 
overlooked, in view of the fact that there is frequently a decided tendency for 
the nitroglycerin to segregate due to insufficient or unsuitable absorbent, so 
that this liquid ingredient may not be uniformly distributed throughout the 
cartridge. Also if a carefully mixed sample has been allowed to stand for some 
days, especially in a warm place, segregation may occur in the bottle, so that 
it is advisable to mix the sample again before analysis. 

Qualitative Examination. — Although a qualitative analysis of a sample 
known to be straight nitroglycerin dynamite is usually unnecessary, the exact 
nature of the sample may be unknown, and a knowledge of the composition of 
some of the more complex types of dynamite is necessary before a quantitative 
analy.sis can be properly conducted. 
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About 25 grams of the sample is shaken with several successive portions of 
ether in a large stoppered test tube, the ether being decanted off through a 
filter paper and the residue finally washed on the filter. The ether solution is 
allowed to evaporate slowly on a steam bath and the filter paper spread out 
on a glass plate in an oven so that tlie residue may dry quickly. The evap- 
orated ether extract may contain nitroglycerin, sulfur (especially in the low^er 
grades of dynamite), rosin, vaseline, or paraffin oil (in ammonia dynamite), 
nitrotoluenes and other nitrocompounds (in low-freezing dynamites), etc. 

Nitroglycerin is readily detected by shaking a drop of the liquid with one 
or two ml. of concentrated H2SO4 and about 1 ml. of mercury in a test tube, 
an evolution of brown fumes of nitric oxides being noted if nitroglycerin is 
present. A similar reaction is, however, given by nitroglycol, so that this test 
will not distinguish between straight nitroglycerin and a mixture of nitro- 
glycerin and nitroglycol. The latter substance (ethylene glycol dinitrate) has, 
when pure, almost the same nitrogen content as nitroglycerin (18.42% as 
compared with 18.50%). Its presence is indicated by a continual loss in w^eight 
of the ether extract in attempting to dry it to constant w^eight. This loss is 
more rapid in a vacuum. Sulfur will appear as crystals in the evaporated 
extract, and may be identified by removing them, washing with acetic acid, 
and noting the odor of SO2 on heating in a flame. Rosin, vaseline, oils, etc,, 
appear as a greasy scum on the surface of the nitroglycerin or adhering to the 
walls of the beaker. These substances, like sulfur, are practically insoluble in 
acetic acid (70%), and may be separated from the nitroglycerin by means of 
this solvent. Trinitrotoluene will appear in the nitroglycerin as long yellowish 
needles, which may be removed, recrystallized from alcohol, and identified 
by their melting point (a[)prox. 80° C.), or by the red color produced when the 
alcoholic solution is treated with a little caustic soda solution. 

The residue insoluble in ether is replaced in the test tube and treated with 
water in a similar manner until all water-soluble material has been dissolved. 
The water solution is tested for sodium, potassium, barium, zinc, etc., and for 
jiitrates, chlorides, etc., using the general methods of qualitative analysis. 

The residue is again treated with cold dilute HCl, any effervescence being 
noted as indicating the presence of a carbonate, and the resulting solution 
tested for calcium, magnesium, zinc, etc., which may have been present as 
carbonates or oxides for the purpose of serving as antacids. 

The residue insoluble in ether, water, and cold acid may contain \vood pulp, 
starchy cereal products, sawdust, nitrocellulose, ground vegetable ivory (button 
wa.ste), kiesclgiihr, ground nut shells, etc. It is most conveniently examined 
l)y means of a low-power microscope, whereby its constituents are usually 
readily determined. Starch is easily detected by heating a portion to boiling 
with dilute acid, cooling and adding a few drops of iodine solution (in KI), a 
blue coloration indicating starch. 

Moisture —Moisture is best determined by desiccation over sulfuric acid, 
a sample of about 2 grams being spread evenly over the surface of a 3-inch 
\V!itch glass and desiccated for 3 days. Continued desiccation causes a gradual 
loss of nitroglycerin, but the 3-day loss may be safely assumed to closely repre- 
f^ent the actual moisture content. The time of the determination may be 
greatly shortened by the use of a vacuum desiccator, in which case 24 hours 
desiccation will give a close approximation to the true moisture content. 
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It must be remembered that in determining moisture in the presence of 
nitroglycerin, some volatilization of the latter is unavoidable, and that there- 
fore the method followed must be an empirical one. An attempt to desiccate 
the sample to constant weight will show that there is undoubtedly a continual 
loss of nitroglycerin. This has been demonstrated ® by a series of weighings 
of a sample exposed for a period of 459 days at a constant temperature of 
33°-35® C. in an empty desiccator containing no desiccating agent, A gradual 
loss resulted during the entire period, totaling 17.52% of the original weight 
of the sample, the original moisture content of which was about 1%, 

Extraction with Ether. — Ether removes from dynamite not only the nitro- 
glycerin, but, as has already been mentioned, sulfur, resins (present as a 
component or as a constituent of the wood pulp), oils (usually from cereal 
products present), etc. Nitrotoluenes, nitroglycol, paraffin, vaseline, etc., are 
not normal constituents of straight dynamite and are considered under the 
type of explosive in which they are most likely to occur. 

Reflux CoTidenser Method , — Prom 6 to 10 grams of the sample is weighed in 
either a porcelain Gooch crucible with asbestos mat or a porous alundum 
filtering crucible of about 25 ml. capacity. The asbestos mat is best prepared 
as follows : A mixture of 1 liter of water and 5 grams of previously ignited and 
shredded short fibre asbestos free from hard lumps and very fine material is 
well shaken and about 10 ml. poured into the crucible. Suction is applied 
and a smooth and perfect mat almost invariably results. The crucibles thus 
prepared are dried at 100'’ and are ready for use. 

The sample in the extraction crucible is extracted with about 35 ml. of 
ether (U. S. P.) preferably in a continuous extraction apparatus (Wiley or 
similar type preferred), for about 45 minutes to 1 hour, water being continu- 
ously circulated through the condenser and the extraction tube heated on a 
water bath, or electric heater, the temperature of which is so regulated that the 
sample in the crucible will be kept covered with ether without overflowing. 

Suction Method . — If desired, the ether extraction may be carried out by 
suction, the Gooch crucible being held in a carbon tube passing through the 
stopper in a suction flask. About 100 ml. of ether in 6 to 8 portions is passed 
through the crucible, each portion being allowed to stand in the crucible for 
one minute before applying gentle suction. No more air than is necessary 
should be drawn through the sample in order to avoid condensation of moisture 
in the sample, which might dissolve a portion of the water-soluble salts. This, 
method uses considerably more ether than the reflux condenser method and 
its chief advantage is that the apparatus required is more simple. 

On completion of the extraction the crucible is at once placed in a drying 
oven, or the excess ether may be removed by suction before drying. If am- 
monium nitrate is present the drying should be conducted at 70° C. for 18 
hours or overnight, but otherwise 5 hours at 100° C. is ample. The loss 
weight represents all ether-soluble material plus the moisture in the original 
sample. 

Evaporation of Ether Extract. — The ether extract is washed out of the 
extraction tube or suction flask with a little ether into a tared evaporating dish 
or small beaker and the ether allowed to evaporate spontaneously in a warm 

* Storm, C. G., "‘The Analysis of Permissible Explosives,’' Bulletin No. 96, Bureau 
of Mines, pages 21-24, 1916. 
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place, or evaporated by means of the bell jar evaporator/^ * The latter 
consists of a tubulated bell jar with openings at top and side, placed on a 
ground glass plate, a slow current of dry compressed air from two drying cylin- 
ders containing H2SO4 and soda lime respectively, entering the top opening 
through a glass tube, the lower end of which extends to about one half inch 
from the surface of the ether solution in the beaker, which is placed on the 
glass plate. The dry air current striking the surface of the solution with just 
enough force to cause a slight “ dimple,^’ causes rapid evaporation of the ether, 
and deposition of moisture in the beaker along with the evaporated residue is 
avoided. The low temperature produced by the rapid evaporation minimizes 
the loss of nitroglycerin by volatilization. From 5 to 6 hours is usually re- 
quired for complete evaporation, which should be determined by check weigh- 
ings. If the bell jar method is not used, the residue, after removal of the ether, 
must be desiccated over H2SO4 for at least 24 hours in order to remove moisture 
deposited during evaporation. 

Nitroglycerin. — Nitroglycerin is determined in the dried and weighed ether 
extract from which all ether has been removed as above described. This 
determination is best made by means of the du Pont modification of the 5-part 
Lunge nitrometer (see p. 650, VoL I). The sample is dissolved in 5-10 ml. of 
pure sulfuric acid (specific gravity 1.84) and transferred to the generating 
bulb of the nitrometer, the beaker and cup of the nitrometer being washed 
with several further additions of acid until a total of 20-25 ml. has been used. 
If the quantity of nitroglycerin present is too great, the sample, dissolved in 
sulfuric acid, is transferred to a burette and an aliquot part run into the 
nitrometer. The maximum amount of pure nitroglycerin used for the deter- 
mination should not exceed 0.75 gram. The determination is carried out in 
the usual manner and the reading of the gas volume in the graduated reading 
tube divided by .1850 to find the weight of nitroglycerin in the sample used 
for the determination (pure nitroglycerin contains 18.50% N). 

Sulfur, Resins, Oils, etc.— It is always preferable to carry out the extrac- 
tion with ether on duplicate samples, using one sample of the extract for the 
determination of nitroglycerin as above, and the other for determining sulfur, 
resins, oils, etc., that may also be contained in the ether extract. 

The weighed extract is redissolvcd in a mixture of ether and alcohol, pr^ 
viously neutralized with standard alkali. The solution thus obtained is 
titrated with standard alcoholic potash solution using phenolphthalein indi- 
cator. 1 ml. of tenth normal alkali is equal to 0.034 grams of rosin (colophony) . 

A large excess of the alcoholic potash is now added and the mixture heated 
several hours or overnight on the steam bath to saponify the nitroglycerin. 
Shake with water and ether in a separatory funnel. The ether solution con- 
tains paraffin, vaseline, or mineral oils that may be present, and is evaporate 
and the residue weighed. The water solution is acidified with HU, and Br 
added to oxidize any sulfur. Any separated rosin is filtered off and weighed 
as a check on the titration, and sulfur determined m the filtrate by precipita- 
tion as BaSOi- . , ^ -j 

Sulfur may also be separated from nitroglycerin by means of acetic acid 
of approximately 70% strength, the nitroglycerin being quite soluble in acetic 

‘Storm, C. G., "The Analysis of Permissible Explosives,” Bulletin 96, Bureau of 
Mines, page 35, 1916. 
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acid and the sulfur almost insoluble. The sulfur is filtered from the solu- 
tion, washed slightly with alcohol to remove the acetic acid solution, dried 
and weighed. 

If a considerable quantity of crystals of sulfur is found in the evaporated 
ether extract, it is possible that all of the sulfur has not been removed by the 
ether, and in this case an extraction is made with carbon disulfide, in exactly 
the same manner as the ether extraction. This extraction is made subsequent 
to the extraction with water, the sulfur being determined by loss of weight 
of the residue or by direct weight after evaporation of the carbon disulfide 
away from free flame. 

Extraction with Water and Determination of Nitrates, — The dried and 
weighed residue left in the crucible after extraction with ether, is extracted 
with water, using a suction flask fitted with a carbon filter tube in which the 
crucible is held by a short length of thin-walled rubber tubing. Cold water is 
used for this extraction, as hot water would gelatinize any starch present. 
A total of at least 200 ml. of water is passed through the sample, in at least 10 
portions, each portion being allowed to stand in contact with the residue for a 
few minutes before being sucked into the flask. An evaporation test of a few 
drops of the filtrate will determine the completeness of the extraction. When 
the extraction is complete, the crucible with its insoluble residue is dried for 
5 hours, or overnight, at 9o°-100® C., and the loss of weight noted as total 
water-soluble material. This includes nitrates and other soluble salts that may 
be present, together with water extract from the wood pulp, flour or other 
absorbent. This soluble organic material may amount to as much as 2% of 
the total sample, when cereal products are present. Calcium, magnesium, 
or zinc may also be present in solution, resulting from the action of acid dccom- 
position products of the nitroglycerin on the carbonate or other antacid present. 
In routine analyses of ordinary dynamite, the loss of weight on extraction with 
water is usually considered as the alkaline nitrate (sodium or pota.ssium), l)ut 
where more exact results are desired an aliquot portion of the extract is evap- 
orated to drjmess with a little nitric acid to oxidize organic materials, and tlie 
residue weighed as alkaline nitrate. This weight may be corrected for inorganic 
impurities— chloride.s, sulfates, iron, aluminum, calcium, etc.— determined 
separately by the usual methods. 

Nitrates may be determined }>y means of the nitrometer, using an aliquot 
portion of water extract estimated to contain .0 to .8 gram (jf NaXOa or .8 
to 1.0 grain of KXOj. This is evaporated on the .steam bath almost to dryness 
and transferred with a.s little water as possible, to the cup of the nitrometer. 
This solution i.s drawn into the generator and 80 to 40 ml. of 9.">-00% ILSCi 
added slowly so as to avoid generating sufficient heat to crack the glass. The 
generator i.s then shaken ffir a total time of 8-10 minutes in order to be certain 
that the generation of ga.s is complete with the diluted acid. The gas is 
measured and the % of nitrate calculated as in the case of nitroglycerin. 

Extraction with Acid. — When .starch is not present in the residue, a simpk 
extraction of the residue insoluble in water is made with cold dilute IE I 
(1 : 10), 100 ml. being drawn through the sample in the crucible in small suc- 
cessive portions a.s described under '' Extraction with Water.'’ Several por- 
tions of water are then drawn through to wash out the acid, and the residue in 
the crucible dried for 5 hours at 95® to 100® C. The loss of weight is usually 
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reported as antacid, but the base dissolved may be determined by the usual 
quantitative methods if desired. The acid-soluble materials generally present 
are calcium or magnesium carbonate or zinc oxide. 

Detennination of Starch, — If starch is present in the residue insoluble in 
water, it is removed together with the antacid by boiling with dilute acid. 
The residue is moistened with water, scraped or washed out of the crucible into 
a 500-mI. beaker, the volume brought to about 250 ml. by the addition of water 
and 3 ml. of concentrated HCl, and the mixture boiled until a drop of the 
solution fails to give a blue color when treated on a spot plate with a drop of a 
solution of iodine in KL This indicates that the starch has been completely 
hydrolyzed to dextrin. The mixture is then filtered through a fresh crucible, 
washed with water, dried and w^eighed, correction being made for the weight 
of the asbestos mat of the original crucible. 

The antacid dissolved in the acid filtrate is determined as already described. 
The loss of weight by the boiling treatment, minus the antacid found, repre- 
sents starch and other dissolved organic materials removed from cereal products 
or wood pulp. The insoluble residue includes the wood pulp and the crude 
fibre of the cereal products. 

Because of the impracticability of exact separations it is customary to 
report all of the soluble organic material included in both water and acid 
extractions as “ starch ” or “ starchy material,” and the insoluble organic 
residue as wood pulp and crude fibre, ’’ or the sura of these organic materials 
is often reported as “ carbonaceous combustible material.” 

Insoluble Residue and Ash.— The insoluble residue may contain wood pulp 
or sawdust, the crude fibre from various cereal products such as corn meal, 
wheat flour, middlings, bran, etc., ground nut shells, vegetable ivory meal, 
and more rarely inorganic material such as infusorial earth (kieselguhr), clay, 
etc. These can usually be identified by microscopic examination (see Bureau 
of Mines Bulletin 96, Page 74), and a determination of the ash will show 
whether inorganic materials are present. A high ash content may also indicate 
incomplete water or acid extractions. 


Ammonia D3man3ite 

So-called ammonia dynamite is essentially “ straight dynamite in which a 
large part of the nitroglvcerin is replared by ammonium nitrate. The am- 
monium nitrate is frequently protceted from moi-stiire by a coating of vaseline 
or paraffin and is usually neutralized with zinc oxide. This type o dynamite 
generally contains !es.s wood pulp than the corresponding grades of straight 
dynamite, and sulfur and cereal products, such as low grade flour, are usually 

’’"'ThLetermiiiation of moisture and the various extractions are <!aiTOd out 
as described for “ stnaight ” dynamite. An extraction with carbon disulfide 
is usually necessary to effect complete removal of the sulfur; this properly 
follows the extraetion with water. The .analysis of the ether extract may be 
conducted as already described. In drying the residue left m the criicib e 
after extraction with ether, it is important tliat a temperature of approximate > 
C. be used, because in the presence of ZnO, the loss of ammonium nitrate 
IS considerable at 100° C. Pure ammonium nitrate is not appreciably affectea 
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by even 24 hours heating at 100“ C., but the presence of the ZnO causes de- 
composition at this temperature. 

The water extract contains sodium nitrate and ammonium nitrate together 
with practically all of the zinc oxide present, the latter ingredient being dis- 
solved ^^^th the ammonium nitrate, and a small amount of soluble organic 
material from the flour or other absorbent. It is analyzed as follows: An 
ahquot portion is evaporated to dryness in a platinum or silica dish on a steam 
bath, the ammonium nitrate volatilized by careful heating over a burner, a 
little nitric acid added to re-oxidize any nitrate that may have been reduced to 
nitrite, and the residue again dried on the steam bath. The zinc oxide is now 
in the form of zinc nitrate and may be separated from the sodium nitrate by 
either of the following methods: 

1. The residue is dried at 110“-120“C. and weighed as NaNOa and Zn 
(NOa)^. It is then dissolved in water, the zinc precipitated with Na2C03, 
filtered, ignited and weighed as ZnO, and the NaNOa taken by difference; the 
total NaXOa plus Zn(N03)2 minus (ZnOX2.33) =NaN03. 

2. The residue is gently heated over a burner until evolution of oxides of 
nitrogen from decomposition of the Zn(N03)3 has ceased, and the remaining 
residue weighed as XaNOa and ZnO. It is then treated with water, the in- 
soluble ZnO filtered on a Gooch crucible, ignited and weighed, the NaXOa being 
taken by difference. 

Ammonium nitrate is determined in a separate portion of the water extract 
by the usual method of distillation and titration. 

The suni of the amounts of XH^XOa, NaXOa, and ZnO found will be some- 
what less than the total water extract owing to the presence of water-soluble 
organic material from the carbonaceous absorbents. 

Gelatin Dynamite 

This is a form of nitroglycerin explosive in which the nitroglycerin, inste.ad 
of being absorbed in porous materials such as wood pulp, is combined with 
nitrocellulose in the form of a gelatinous plastic mass. As little as 3.5% of 
suitable grade of nitrocellulose containing about 12% nitrogen will, when 
heated w'ith nitroglycerin, at about 60® C., form a jelly-like non-fluid mass 
when cooled to ordinary temperature. Bla.sting gelatin,” used to a consider- 
able extent where great explosive strength is required, is a stiff colloid com])ose<l 
of 90 to 93% nitroglycerin and 10 to 7% nitrocellulose. 

All blasting explosives containing such colloids of nitroglycerin and nitro- 
cellulose combined with an active “ dope ” or base, consisting of a nitrate and 
combustible material, are termed gelatin dynamites. This type of explo.^ivc 
is also known in some countries as ” Gelignite." 

Sampling. — Owing to its pasty consistency the sample of gelatin dynamite 
must be prepared by cutting portions of a number of cartridges into thin l>its 
with an aluminum or platinum spatula. The use of a steel spatula or knife 
for this purpose is not to be recommended for reasons of safety. An anii)le 
quantity of sample thus prepared is well mixed and bottled. Owing to 
tendency to again form a solid mass upon standing, it should be analyzed as 
soon as possible after being prepared. 
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Analysis. — The principle ingredients that may be found in the different 
types of gelatin dynamite are nitroglycerin; nitrocellulose; sulfur; rosin; 
sodium, potassium or ammonium nitrate; calcium or magnesium carbonate; 
wood pulp, cereal products and similar carbonaceous combustible materials. 
Low-freezing gelatins may also contain nitrotoluenes or other nitrosubstitution 
compounds, etc. 

Moisture is determined as described for “ straight ” dynamite, and the 
extraction with ether made in the usual manner except that ether free from 
alcohol (distilled over sodium) is used in order to prevent partial solution of 
the nitrocellulose. The latter is readily soluble in a mixture of ether and 
alcohol, and as ordinary U. vS. P. ether contains about 4% of alcohol, there is a 
possibility that an appreciable part of the 0,5% to 2.0% of nitrocellulose 
present in the sample will be dissolved unless pure ether is used. The ether 
extract is evaporated and analyzed as already described and the water extrac- 
tion made in the usual manner. If more than 1 or 2% of sulfur was present it 
will not have been completely removed by the ether, unless the extraction was 
continued for a sufficiently long time. In this event, it is necessary to make 
an additional extraction with carbon disulfide in the Wiley apparatus sub- 
sequent to extraction with water. 

Nitrocelltiiose. — After the extractions with ether, water, and CS 2 (if 
necessary) have been made, the nitrocellulose is determined, preferably by 
extraction with acetone, which is a better solvent for the purpose than a mix- 
ture of ether and alcohol. It is advisable to separate the dry residue from the 
crucible, leaving the asbestos mat intact if possible. The residue is trans- 
ferred to a small beaker, covered with acetone and allowed to stand at least 
3 or 4 hours with occasional stirring. It is then filtered through the original 
crucible, washed with acetone, dried and weighed, the loss of weight being 
regarded as nitrocellulose. To correct for small amounts of extract from the 
wood pulp or other carbonaceous material, the acetone solution may be evap- 
orated to about 20-25 ml., and diluted gradually with a large volume (about 
100 ml.) of hot water, which volatilizes the acetone, precipitating^ the nitro- 
cellulose as a white fiocculent mass, which is filtered, dried, and weighed. 

The remainder of the analysis is conducted as for straight dynaniite. 

It will be found that the results of analysis of a gelatin dynamite do not 
agree with its trade markings. For example, the usual “ 40% stren^h 
gelatin dynamite actually contains from 30 to 33% of nitroglycerin and about 
1% of nitrocellulose. Weight for weight this explosive is considerably weaker 
than 40% straight dynamite, which contains 40% of nitroglycerin. 


Low-Freezing Dynamite 

Low-freezing dynamites vary from the dynamite types already discussed 
by containing an ingredient which reduces the freezing point of the nitro- 
glycerin. This ingredient replaces a portion of the nitroglycerin which wou 
be used in an equal grade of ordinary straight dynamite, ammonia dynamite 
or gelatin dynamite. While straight nitroglycerin dynamite may freeze at 
temperatures as high as 8^ C. (40^ F.), some of the low-freezing dynamites 
^^ecze only at temperatures considerably below 0° C. Many of his type, 
bowever, cannot be relied upon to resist freezing at temperatures below the 
freezing point of water. 
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The additions made to nitroglycerin for this purpose include the nitrotol- 
uenes, nitroxylencs, nitrohydrins, nitrosugar nitropolyglycerm (tetramtro- 
diglycerin) and nitroglycol. Any of these substances present will be found m 
^ ^ the ether extract together with, and in most cases dis- 

solved in, the nitroglycerin. 

Moisture.—The determination of moisture may 
be carried out as already described for “ straight ” 
nitroglycerin dynamite (p. 1663), except when there 
are present such substances as nitroglycol or mono- 
nitrotoluene, whose volatility would prevent an accu- 
rate determination. An appreciable amount of 
nitroglycol, for example, would be lost in an attempt 
to desiccate to even approximately constant weight 
over sulfuric acid, even without vacuum. The loss 
of weight on desiccation should therefore be checked 
against the difference between the total loss on ex- 
traction with ether and the direct weight of the 
ether extract after evaporation of the ether in a 
bell-jar evaporator (p. 1664). 

The following method for the determination ol 
moisture especially in dynamites containing nitro- 
glycol was developed by the l^xplosives Chemical 
Laboratory of the U. S. Bureau of Mines: 50 grams 
of the dynamite is weighed into a 500-ml, round 
bottom flask to which is attached a special moisture 
collecting tube. To the top of this tube is attached 
a small surface condenser. 150 to 200 ml. of cwbon 
tetrachloride (free from H 2 O) is added through the 
moisture collecting tube and the flask heMed to 
boiling on a water bath for 1 hour. The CCh and 
water volatilized are condensed and fall back into 
the measuring tube, the water separating on top of 
the CCI4, while the excess of the latter runs back 
into the flask. The measuring tube is graduated 
in 0.1 ml. and the moisture is read direct. 1 ic 
tube should be standardized Wore ^ use. 'Inc 
assembled apparatus is shown in Fig. 2.37.^ 

Nitrotoluenes. — Trinitrotoluene is not readily 
soluble in nitroglycerin and separates a.s crystals on 
evaporation of the ether from the ether extract, ena- 
Fio. 237. Moisture De- bling it to be qualitatively separated and identi • 
^rmination Apparatus for determined by difference, the nitroglycerin 

being determined by means of the nitrometer. - 
dinitrotoluene present may also be (leterminct 



Dynamites, ()ils, 
Waxes, Petroleum. 


Fats, 


ainiiroioiuene piesuin- - . . l.;o 

this manner together with the trinitrotoluene, but if mononitrotolucne is a s 

very similar method in whieh a solvent lighter than is use^ prefer. 

benzene, i.s recommended for the determination of moisture 

taining nitroglycfirin, by F. Becker and P. Dittmar, Z. ges. Schless-Sp^eng8toll^veb 
29, 327, 371 (1934). 
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present, the determination of the nitrogen of the nitroglycerin will be slightly 
in error by about 0.5530 gram, of nitroglycerin for every gram of mononitro- 
toluene present.^ 

Mononitrotoluene is, however, seldom present except as an impurity in the 
so-called liquid di- and trinitrotoluenes used in low freezing dynamites, so 
that the determination of the nitroglycerin is usually fairly accurate and the 
nitrotoluenes may be calculated by difference. 

The total nitrogen of the combined nitroglycerin and iiitrosubstitution 
compound may also be determined, the nitrogen of the nitroglycerin deducted 
and the amount of nitrosubstitution compound calculated from the resulting 
difference, if the identity of the nitrosubstitution compound has been estab- 
lished. A suitable modification of the Kjcldahl method which has been found 
applicable to difficultly decomposable nitrocompounds is as follows : ^ This 
method is, of course, applicable to mixtures containing nitroglycerin. 

Modified Kjeldahl Method for Nitrogen. — About 0.5000 g. of the nitro- 
compound is weighed into a 500-ml. Kjeldahl flask, 30 ml. of 96% H 2 SO 4 and 
2 g. salicylic acid added and the sample dissolved by heating on a steam bath 
if necessary. Cool; add 2 g. zinc dust in small portions, with cooling and 
rotating the flask. Continue the shaking at 15 minute intervals for 2 hours 
and let stand overnight. Then heat over a small flame till fuming has ceased 
(about 2 hours), cool slightly and add 1 g. HgO and boil 1-1 M hours longer. 
Cool and add 7.5 g. KjSO^ and 10 ml. H 2 SO 4 and boil to 2 hours more. 
Jf the solution is not clear and almost colorless, add 1 g. more K 2 SO 4 and boil 
longer. Cool and add 250 ml. ILO to dissolve the cake formed, then add 25 
ml. solution (80 g. per liter H 2 O), 1 g. granulated Zn, and 85-90 ml. NaOII 
solution (750 g. per liter H 2 O), and distill as usual in the Kjcldahl determina- 
tion, collecting the NIL in standard H 2 SO 4 solution. A blank determination 
without sample is advisable. 

Separation of Nitrocompounds from Nitroglycerin. — Hyde has demised a 
satisfactory method for actual sGj)aration of nitrosubstitution compounds from 
nitroglycerin, depending on the differences in solubility of these ingredients in 
carl)on bisulfide and dilute acetic acid.® Nitroglycerin is only slightly soluble 
in CS 2 , but readily soluble in dilute acetic acid, while most nitrocompounds 
are much more soluble in CS 2 and much less soluble in dilute acetic acid than 
nitroglycerin. (VS. and acetic acid are only slightly miscible. Hence nitro- 
glycerin ami a nitrocompound may be ])artly separated by shaking the mixture 
nith C8-> and dilute acetic acid, allowing the two solvents to separate into two 
layers and drawing off one of the layers. The CS 2 layer will contain most of 
the nitrocompound and the acetic acid layer most of the nitroglycerin. 


* Storm, C. G., “The hlffcct of Nitrotnlupncs on the Determination of Nitroglycerin 
hy Means of the Nitrometer," Proc. 8th Iiit. Cong. Appl. Chem., \ol. 4, 1912, p. 117, 
ftbo Ilur. of Mines Pull. 41, p. 62, 1913. , . . 

^Cope, W. G., “Iv'jeldalil Modification for Determination of Nitrogen m Nitro- 

,.,.1. 1.. ... ’ IT. . o i^nO /lOIRi <1 U:n C 



* Hyde A L “The Ou-intitative Sepanition oi iNiirosuDsuiuuou vwxipuuiivi:, 
^'’i'niRlycerin,'” j! Am. Chom. Soc., 35, 1173 (1913). (See aJso Bur. Mines Bulletin 9Q, 
I'P. 17-50, 1916.) 
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Hyde's method involves a continuous fractional extraction in a rather com- 
plicated apparatus consisting of 13 long narrow extraction tubes, connected 
with each other and with a condenser, reservoir and distilling flask so as to 
form a closed circulating system, the CS 2 continually passing in a train of fine 
drops through acetic acid in the series of extraction tubes, carrying with it the 
nitrocompound, the nitroglycerin tending to remain dissolved in the acetic 
acid. Practically a complete separation is finally obtained, the nitrocompound 
dissolved in the CS> collecting in the distilling flask at the end of the extraction 
train and the nitroglycerin remaining in solution in the acetic acid in the tubes. 
The CS 2 is evaporated and the nitrocompound weighed. Reference should be 
made to the original article by Hyde for details as to construction and operation 
of the apparatus. 

Nitrosugars. — The nitrates of sugar, improperly called nitrosugar, are used 
to a considerable extent for lowering the freezing point of nitroglycerin. This 
substance is soluble in nitroglycerin, being prepared with the latter by nitrating 
a solution of cane-sugar in glycerin, and no method is known for its separation 
from nitroglycerin. Hoffman and Haw^se * have reported on an optical method 
for the determination of nitrated sugar in nitroglycerin mixtures, based on the 
use of the polariscope. As an example of the application of the method, 10.65 
g. of a nitrated mixture of glycerin and sugar ^vas dissolved in 100 ml. alcohol 
and its angle of rotation found to be a — 3.07°. The specific rotatory power 
of sucrose octanitrate having been determined as a = 56.66, the formula: 
C (concentration) = fl/2a gives a result of 25.44% sucrose octanitrate in the 
sample. 

The result of the optical method may be roughly checked by a determina- 
tion of the total nitrogen of the combined nitroglycerin and nitrosugar, assum- 
ing the nitrogen content of the nitrosugar to be 15% (theoretical for sucrose 
octanitrate 15.95%), and that of nitroglycerin 18.50%. 

Nitrochlorhydrms. — Dinitromonochlorhydrin has been known for years a.s 
a partial substitute for nitroglycerin in explosives. It is a solvent for nitro- 
cellulose in smokeless powders and has an appreciable effect in lowering the 
freezing point of nitroglycerin. Some years ago it came into use in this coun- 
try as a substitute for nitrotoluenes in low freezing dynamites. 

A mixture of dinitrochlorhydrin and nitroglycerin will have a low’cr nitrogen 
content than pure nitroglycerin, the dinitrochlorhydrin containing only 14,0% 
N, as compared with 18.50% N in nitroglycerin. The dinitrochlorhydrin 
may be readily identified and determined quantitatively by treating the mix- 
ture containing this substance and nitroglycerin with an excess of alcoholic 
solution of KOH, heating on the steam bath until saponification is complete, 
and determining the chlorine in the solution as chloride. 

It must be noted that dinitrochlorhydrin is somewhat more volatile than 
nitroglycerin and therefore in evaporating the ether from the ether extract it is 
advisable to make use of the bell-jar evaporator (p. 1664) so as to minimize its 
loss during evaporation. 

Nitropolyglycerin. — Nitrated polymerized glycerin — usually a mixture of 
tetranitrodiglycerin and trinitroglycerin — is sometimes found in low-freezing 
explosives. This mixture will show a lower N-content than nitroglycerin, 

• ■ Hoffman, E. J. and Hawse, V. P., “The Nitration of Sucrose Octanitrate/' J. 
Chem, Soc., 41 , 235-247 (1919). 
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since pure tetramtrodiglycerin contains only 16.19% N. The presence of the 
latter substance IS wdicated by low solubility in dilute acetic acid (60 volumes 
glacial acetic acid to 40 volumes water). One gram of nitroglycerin dissolves 
in about 10.5 ml. of this acid, while 1 gram of a mixture containing 82.25% 
tetranitrodig ycerin required 120 ml. of the acetic acid to completely dissolve 
It. In dissolving such a mixture, it will be found that a part of the mixture 
dissolves more readily than the remainder. If the more difficultly soluble 
portion IS separated, dried in a desiccator and its nitrogen content determined 
in the nitrometer, it will be found to contain a much lower % N than the 
original mixture, approximating the figure for tetranitrodiglycerin 16 19% fan 
actual trial gave 16.24% N). b J , o.io/o fan 

If the presence of tetranitrodiglycerin is established by the above procedure 
and no other substances except nitroglycerin are present, the proportions of 
these fwo ingredients in the ether extract may be readily calculated from the 
N-content as found by the nitrometer. 


Nitroglycol. Ethylene glycol dinitrate (commonly called nitroglycol) is 
rather extensively used at present for lowering the freezing point of nitro- 
glycerin explosives. The usual procedure is to nitrate a mixture of glycerin 
and glycol. The product has substantially the same nitrogen content as nitro- 
glycerin, the chief distinguishing characteristic being volatility— nitroglycol 
having a considerably higher vapor pressure. A continual loss of weight in 
evaporating the ether extract may therefore serve as an indication of the 
presence of nitroglycol. 


“ PERMISSIBLE »» EXPLOSIVES 

“ Permissible ” explosives are coal mining explosives which have passed 
the prescribed tests of the Bureau of Mines and are recommended by the 
Bureau for use in gassy and dusty mines. Their important characteristic is a 
relatively low flame temperature, which is brought about by modifying the 
composition of the usual types of dynamites and other blasting explosives. 
The general methods of reducing the flame temperature of explosives are 
summarized as follows: 

(a) Addition of an excess of carbon — forming less CO 2 and more CO in the 
gases of explosion. 

Addition of free water or of solids with water of crystallization. 

W Addition of inert materials. 

(<^) Addition of volatile salts. 

^‘^The thermochemieal considerations involved are discussed in Bureau of Mines 
M ^ No. 15, “Investigations of Explosives Used in Coal Mines,’’ 1912, and the 
Retails of analysis in Bureau of Mines Bulletin No. 96, ‘‘The Analysis of Permissible 
i''XpIosives/’ C. G. Storm, 1016. 
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The analysis of explosives of this class is therefore generally more compli- 
cated than that of the ordinary types of blasting explosives because of the 
greater variety of ingredients used in manufacture. A partial list of sub- 
stances which have been found in low-flame explosives manufactured in this 
country is shown below, arranged according to their solubility in the general 


scheme of analysis: 



Soluble in Ether 

Soluble in Water 

Sohible in Acids 

Nitroglycerin 

Ammonium nitrate 

Aluminum 

Nitropolyglycerin 

“ chloride 

Calcium carbonate 

Nilrotoluenes 

“ sulfate 

“ sili(;ide 

Xitrosugars 

“ oxalate 

Ferric oxide 

Xitrochlorhydrins 

“ perchlorate 

Magnesium carbonate 

Nitroglycol 

Alum (cryst.) 

Zinc 

Paraffin 

Aluminum sulfate (cryst.) 

Zinc oxide 

Resins 

Barium nitrate 


Sulfur 

Calcium sulfate (cryst.) 


Vaseline 

Gums 


Oils 

Magnesium sulfate (cryst.) 
Potassium chlorate 
“ nitrate 

“ perclilorate 

Sodium nitrate 
“ chloride 

“ bicarbonate 

“ carbonate 

Sugar 

Zinc oxide 



Charcoal 

Clay 

Coal 

Com meal 
Corncob meal 
Kieselguhr 
Xitrocellulose 
Nitrostarcli 
Nitrated wckkI 


Insoluble 

Peanut shell meal 
powdered slate 
Rico hulls 
Sawdust 
Turmeric 

X'egetable ivory meal 
^Nlieat flour 
Wood pulp 


Qualitative Analysts. — The qualitative examination of a “ permissible ” 
explosive is conducted in the same manner as has been descriliecl for dynamite 
(see page 1G62), and, in view of the greater variety of constituents that may 
be present, is quite essential before a suitable scheme for (quantitative separa- 
tion can be chosen. 

Tests for some of the more unusual substances not generally found in tiic 
ordinary types of blasting exjdosives, and not already discussed under “ Low- 
freezing Explosives,” are made as follows; 

Test for Sugar. — The ]>resence of water-soluble organic substances is indi- 
cated by an appreciable charring of the residue obtained by evaporating a 
portion of the water extract to dryness and then heating gradually over a 
burner. A slight charring may result from water-soluble portions of cereal 
products, wood-pulp, etc., and may be disregarded. Sugar is identified by 
acidifying some of the water solution with a little dilute HCl, heating to boili’Uf- 
neutralizing with KCH and then boiling with Fchling’s solution. A preciiii- 
tation of cuprous oxide indicates the presence of sugar. 
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Test for Gum Arabic. — Gum arabic is precipitated by the addition of a solu- 
tion of basic lead acetate to the water extract, a white, flocculent precipitate 
of indefinite composition resulting (see Determination of Gum Arabic, p. 1677). 

Test for Nitrostarch. — Nitrostarch is best identified by microscopic exami- 
nation of the residue insol ulfie in water. It is easily distinguished from un- 
nitrated starch by means of a solution of iodine in KI, which colors the starch 
granules dark blue but does not affect the granules of nitrostarch. 

Test for Chlorides, Chlorates, and Perchlorates, — These three substances 
present in a solution may be identified as follows : Acidify slightly with nitric 
acid, add excess of AgNOa, heat to boiling, shake well, and filter off the silver 
chloride. To the filtrate add a few ml. of 40% solution of formaldehyde 
(formalin), and boil to reduce chlorates to chlorides. This reduction is best 
carried out by heating on the steam bath for about an hour. Any chloride 
thus formed is then separated by further precipitation with AgNOs and re- 
moved by filtration. The filtrate is then evaporated to dryness, the residue 
transferred to a crucible and fused with dry NazCOs. The fused mass is 
treated with dilute HXO3, when the presence of perchlorate will be indicated 
by an insoluble precipitate of AgCl. 

Mechanical Separation of Solid Igredients.— It is frequently of advantage, 
especially in connection with the interpretation of the results of analysis of an 
explosive mixture containing a number of water-soluble salts, to determine the 
identity of one or more of the components of the mixture by means of screening 
or by a method of separation depending on variation in specific gravity of the 
components. Such methods are facilitated by the fact that the ingredients 
of blasting explosives are frecpieiitly not finely pulverized in the course of 


manufacture. 

(а) By Scn'€ning.—2b to 50 grams of the sample is washed several times 
with ether to remove nitroglycerin and ingredients of an oily nature, the solid 
residue dried to remove adhering ether and then sifted through a set of sieves. 
An examination of the portions held by the 10- and 20-mesh screeiis will usually 
show the presence of coarse crystals whicli are large enough to be sorted out 
with the aid of forcc])S, submitted to qualitative tests and identified with 
cortaintv A single crystal mav sometimes be identified by dissolving it m a 
drop of water On a nOroscope slide, allowing the water to evaporate and 
examining the resulting crystals under the microscope. The writer has fre- 
quently identified three or four ingredients of an f P 

(б) Hu Specific Gravity Sqmroiiom\—T\i\s method, applied to the analjsis 
of c^xplosives by Storm and Hyde,^^ depends on the separation of solids from a 
.mxture by means of inert liquids of different specific gravities > ™red 
niixtures of chloroform (sp.gr. 1.40) and hromoform 

ciivering as wide a range of .specific gravity as may seem gm-li 

of the dried prpdou.sly extoeted ^ separated 

r thriSrcrte, of ammonium nitrate (sp.g. 

II Q* O 1 tj u A T “Suecific Gravity Separation Applied to the 

TiiSi'CAS wlrivS... IS, li.™ .1 Mi.» i»u. 



1676 


ANALYSIS OF EXPLOSIVES 


of sodium nitrate and ammonium chloride — which could not be ascertained 
by ordinary quantitative analysis, (For examplej a mixture composed of 
16.61% Na, 44.76% NO3, 13.00% NH4 and 25.63% Cl may contain either 
61.37% NaNOa and 38.63% NH4CI, or 57.76% NH4NO5 and 42.24% NaCl, 
or varying proportions of all four ingredients.) The chloroform-bromoform 
mixtures are recovered by filtering and used repeatedly. 

The specific gravities of some of the more common salts that may be found 
are as follows: 


Ammonium alum (cryst.) 1.62 

“ chloride 1,52 

“ nitrate 1.74 

“ perchlorate 1.87 

“ sulfate 1.77 

Barium nitrate 3.23 

Calcium carbonate (ppt’d) 2.72 

“ sulfate (anhydrous) 2.97 

‘‘ sulfate + 2 H 2 O 2.32 

Magnesium carbonate 3.04 

' ‘ sulfate 4-7H20 1 .68 

Manganese dioxide 5.03 

Potassium alum (cryst.) 1.75 

chlorate 2.33 

chloride 1.99 

“ nitrate 2.09 

“ perchlorate 2.. 52 

“ sulfate 2.66 

Sodium chloride 2.17 

“ nitrate 2.26 

“ sulfate (anhydrous) 2.66 

“ sulfate+lOHA) 1.46 


Moisture. — The determination of moisture in all types of “ permissible ” 
explosives is carried out by the method described for nitroglycerin dynamites 
(page 1663). The influence of the slight volatility of nitroglycerin and of 
certain nitrosubstitution compounds on the results of this determination has 
been discussed (pp. 1664, 1670). A more serious factor in the case of many 
permissible explosives is the presence of salts containing water of crystalli- 
zation. Most salts of this type (e.g,, MgS04-7H20) undergo a gradual loss of 
a large part of their combined water on desiccation over either H2SO4 or CaCh, 
thus rendering it impossible to differentiate between hygroscopic moisture and 
combined water. Attempts to remove the total water content by heating at a 
temperature high enough to drive off all of the water of crystallization are 
useles.s on account of the increa.sed volatilization of nitroglycerin, ammoniuni 
nitrate, etc., at such temperatures. 

In such ca.ses it Is necessary to determine all other constituents by direct 
methods and estimate moisture by difference, the salt to which the water of 
crystallization belongs being calculated a.s containing its full quota of water; 
or the crystallized salt may he calculated as anhydrous and the difference from 
100% reported as “ water of crystallization plus moisture.'^ 

Extraction with Ether. — The extraction with ether, the evaporation of Hie 
ether, and the analysis of the ether-soluble portion are conducted as already 
discussed for nitroglycerin dynamites (pp. 1664, 1665). 



ANALYSIS OF EXPLOSIVES 


1677 


In drying the crucibles containing the residue insoluble in ether, a tempera- 
ture of 100 C, may be used except when the residue contains ammonium 
nitrate or organic nitrates such as nitrocellulose, nitrostarch, or nitrated wood. 
When any of these^ substances are present, the residue should be dried to con- 
stant weight at 70° C. Except when salts containing water of crystallization 
are present, the amount of ether-soluble material found is calculated by de- 
ducting the moisture determined by desiccation, from the difference between 
the weight of original sample and the weight of the dried residue insoluble in 
ether. The procedure followed when water of crystallization is present is 
noted in the preceding paragraph. 

Extraction with Water, Water-soluble salts are extracted from the weighed 
residue insoluble in ether as already described, the residue left in the crucibles 
dried to constant weight at 95 to 100° C,, cooled and weighed. The water 
soluble salts in the solution are determined by the usual methods of inorganic 
analysis. 

Nitrates.— In determining nitrates by the nitrometer method (see p. 1666) 
it must be remembered that the presence of a considerable quantity of chlorides 
may interfere with the accuracy of the results. Many of the ‘‘ permissible ” 
explosives contain sodium chloride in amounts varying from 1% to 10 or 15%. 
M. T. Sanders has shown that if the sodium chloride is present in an amount 
exceeding 15-17% of the sodium nitrate, the result is not accurate within 0.1%. 
Smaller amounts of sodium chloride do not interfere, except to increase the 
amount of sludge formed in the nitrometer. 

Nitrates may also be determined by the “ nitron method of Busch.” 

Chlorates. — Chlorates may be determined by any of the methods described 
on page 274 (reduction with SO2, FeS04, or Zn) or by the formaldehyde 
method.” In the latter method a portion of the solution, containing about 
0.5 g. of chlorate, is diluted to 150 ml,, 5-10 ml. of 40% formaldehyde solution, 
2 ml. dilute HXO3 (1 : 3), and 50 ml. of approx, tenth normal silver nitrate 
added, the solution covered and heated on the steam bath for about 4 hours, 
when the precipitate of AgCI is filtered off, washed, dried and weighed. This 
method is accurate to .05 to .10%. 

Perchlorates. — The determination of perchlorates by reduction to chlorides 
on ignition with NH4CI in the presence of platinum is described on page 275. 
Perchlorates may also be determined by means of precipitation with “ nitron ” 
in exactly tlic same manner as for nitrates. The weight of nitron perchlorate 
(CaoHieNMlClOi) found, multiplied by 117.5 (mol. wt. of NH4C104) and 
divided by 412.5 (mol. wt. of nitronperchlorate), gives the weight of perchlorate 
found, expressed as NIl4(-104. 

Gum Arabic. — This substance, sometimes used as a binder in dry explosive 
mixtures — especially chlorate or perchlorate powders — is determined by pre- 
cipitation with basic lead acetate solution, prepared by adding 150 g. of normal 
lead acetate and 50 g. lead oxide (PbO) to 500 ml. distilled water, heating 


” Sanders, M. T., ‘‘The Effect of Chlorides on the Nitrometer Determination of 
Nitrates,” J. Ind. and Eng. ("hem., 12, 109-170 (1919). 

^®Sce page 639, also, for further details, “The Analysis of Permissible Explosives, 
Bureau of Mines, Bulletin 96, pages 60-02. 

Storm, C. G., “The Analysis of Permissible Explosives,'’ Bulletin 96, Bureau of 
Mines, pp. 63-64, *1916. 
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almost to boiling, and filtering. This reagent is added to the solution con- 
taining the gum arable until no further precipitation occurs; the mixture is 
allowed to stand for several hours, then filtered, washed with absolute alcohol, 
dried at 100° C. and weighed. The weight of precipitate multiplied by the 
factor 0.4971 (determined experimentally) gives the weight of gum arabic 
found. Chlorides or sulfates, if present, interfere with the determination and 
must be first removed. 

Sugar. — Sugar may be present as an ingredient in some “ permissible ” 
explosives, and is always found in small amounts in the water extract if cereal 
products such as corn meal or wheat middlings are present. A portion of the 
water extract is acidified with HCl (1 ml. cone. HCl to 100 ml. solution), heated 
just to boiling, cooled, nearly neutralized with Na 2 C 03 , an excess of Fehling’s 
solution added and the mixture heated until reduction is complete. The CU 2 O 
is filtered from the blue liquid, dried, ignited to constant weight, and weighed 
as GuO. This weight X 0.4308 equals weight of cane sugar. The result is 
corrected for the result of a blank determination using distilled water instead 
of the water extract. By the use of this method after first extracting with 
ether, then with water, corn meal was found to contain 2.65% and wheat 
middlings 6.25-7.00% of sugar. Thus an explosive containing 25% wheat 
middlings would show as much as 1.75% of sugar in its water extract. 

Extraction with Acid.— -As in the ordinary nitroglycerin dynamites, the 
substances removed from “ permi.‘^sible ’’ explosives by acid extraction are 
chiefly substances added as antacids, including calcium carbonate, magnesium 
carbonate and zinc oxide. Other acid-soluble materials that may be present 
include metallic aluminum or zinc, ferric oxide, manganese dioxide, and calcium 
silicide. When starch is present, the residue from the water extraction is sub- 
jected to hydrolysis in boiling dilute IICl as already described (page 1667), 
and the acid-soluble inorganic components determined in the filtrate by the 
usual methods. An extraction with cold acid is made only when there is no 
starch present. 

Extraction with Acetone: Nitrocellulose and Nitrostarch. — If either nitro- 
cellulose or nitrostarch is present, an extraction with acetone is made as de- 
scribed for gelatin dynamite (page 1669). It should be noted in connection 
with the preceding steps in the analysis that in order to avoid partial solution 
of these .substances in ether, the ether used in the ether extraction should be 
alcohol-free (distilled from sodium), and also that all drying of residues con- 
taining these materials should preferably be conducted at 70° C. instead of 
100° C., in order to avoid partial decomposition. It is impracticable to sepa- 
rate nitrostarch from nitrocellulose but they are not likely to be found together 
in the same explo.sive. Small amounts of nitrocellulose are detected less readily 
than nitrostarch, which is easily identified by the microscope. 

Insoluble Residue and Ash. — The insoluble residue is usually carbonaceous 
combustible or absorbent material and is in most cases readily identified by 
means of a microscope (preferably bincicular) with low power (25-50 diam- 
eters). The possible presence of any inorganic material which may have been 
overlooked in the analysis is detected by means of a determination of ash, the 
residue being ignited until all carbon is burned off and the mineral residue 
weighed. This is usually not over 0.2%. If higher than 0.5%, there is reason 
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to suspect that some such material as kieselguhr or clay is present, or that the 
extractions with water or acid were not complete. 


NITROSTARCH EXPLOSIVES 

General Nature. — Nitrostarch explosives have been for a number of years 
used to a very considerable extent in this country for commercial blasting 
purposes, chiefly for quarrying. During the war, explosives of this class were 
adopted by the United States for certain military purposes and proved satis- 
factory substitutes for trinitrotoluene as bursting charges for hand grenades, 
rifle grenades and trench mortar shell. 

The commercial nitrostarch explosives may contain, in addition to the 
nitrostarch, any or all of the following components : oxidizing agents, as sodium 
or ammonium nitrates, combustible material, such as charcoal, flour, 
etc. mineral oil, and antacids, such as calcium carbonate, or zme oxide Witro- 
«tarki military explosives may consist of some such mixture as the above, or 
may be composed almost entirely of nitrostarch with the addition of relatively 
small amounts of oils and materials used for granulating. Some types of 
nitrostarch explosives proposed for military use contained water in amounts 
UD to 10-lo% combined with a mixture of nitrostarch and a soluble nitrate. 

For commercial use, nitrostarch explosives are put up in cartridge form in 
napcr wrappers, just as nitroglycerin explosives are prepared. ■ j „ 

Moisture.— Moisture i.s determined as in the ease of ' 

mites 3 to 5 grams of tl.e sample is desiccated over sulfuric acid for 2-3 days 
(2 days is usually sufficient to give constant weight), or for 24 hours m a 
vacwim desiccator with a vacuum of at least 700 mm. of mcrcu y Unlike 
nitroglycerin, nitrostarch docs not volatilize and may ^ 

slant weight When heated to higher temperatures e.g., 100 C. for any 
extended time, it undergoes, like all nitric esters, a gradual decomposition with 

‘‘’"E.Sn with Petroleum Ether: Oils etc. --The sm^ amount 

of alcohol usually present in ordinary grades of ethyl ether, is sufiicient to 

cause partial solution of the in‘’Lxtoer of 

U^:1he^ 

docs not dissolve f ‘"f " ^ooch crucible with 

A .sample of about 10 grams J:' I ^ „f about 0.65 specihe 
asbestos mat, is extracted with pure 1 | crucible with sample 

gravity, the excess solvent ^ 70 “ c The % loss of weight, 

lined to constant weight at apiirw • represents the percentage 

minus the moisture petroleum ethM is removed by evap- 

<>f ether-soluble material present. Abe p 
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oration, the residue of ether-soluble materials dried, weighed, and its com- 
ponents determined by the methods used for dynamites. 

Extraction with Water: Nitrates, Gums, etc. — The dried and weighed 
residue insoluble in petroleum ether is extracted with distilled water to remove 
the nitrates or other water-soluble materials. The insoluble residue left in 
the crucible is dried at a temperature of 80® C. (100® may cause some decom- 
position of the nitrostarch) for several hours, and weighed, the loss of weight 
being total water extract and serving as a check against the sum of the com- 
ponents separately determined. 

Ammonium nitrate, if present, is determined in the water solution by the 
usual method of distillation of the NH3 after adding an excess of alkali. So- 
dium nitrate is determined by evaporating the w^ater extract, volatilizing 
ammonium salts, and w'eighing the residue after re-oxidizing with nitric acid 
if charring has indicated the presence of any water-soluble organic material 
(page 1667). 

If the original explosive is granular in form, the presence of a binding or 
agglutinating material in the w^ater extract may be suspected. Although 
numerous other substances may be used for the purpose, gum arable is fre- 
quently employed as a binding agent in different types of dry explosives. A 
qualitative test for gum arabic has been mentioned on page 1675, and its 
quantitative determination may be conducted as described on page 1677, by 
precipitation with basic lead acetate solution. 

Insoluble Residue: Nitrostarch, Charcoal, Cereal Products, etc. Starch . — 
A microscopic examination of the w’eighed insoluble residue will usually serve 
to identify its components. Any un-nitrated starch or cereal product is 
readily distinguished from nitrostarch by treating with a drop of KI solution 
of iodine and examining under the microscope, when the un-nitrated starch 
granules will appear blue or black and the nitrated starch colorless or yellow. 
Charcoal is identified by its color. 

Un-nitrated starch, if present in an amount greater than a trace, is deter- 
mined by boiling with dilute H2SO4 or HCl until iodine solution no longer 
colors a drop of the liquid blue, then filtering and washing thoroughly. The 
residue is dried at 80® C. and w^eighed, the loss of w^eight representing starch. 

Nitrostarch . — Another portion of the insoluble residue (the analysis being 
conducted in duplicate) is extracted with acetone in a Wiley extractor or 
other continuous extraction apparatus, or by transferring the residue from the 
crucible to a small beaker, digesting in acetone with stirring, and filtering 
through the same crucible, washing with fresh acetone. This extraction dis- 
solves all of the nitrostarch, leaving any charcoal or cereal products that may 
be present. The residue is dried at 100° C. and wxighed, the loss of weight 
representing nitrostarch. 

The nitrogen content of the nitrostarch may be determined, if desired, 
by precipitating the nitrostarch from the clear acetone solution by the addition 
of water and evaporation on a steam bath. A portion of the white, floury 
precipitate is then dried at 70®-80° C., weighed, and its nitrogen content de- 
termined in the nitrometer (see page 650, Vol. I). 

Charcoal . — If charcoal is present its weight may be taken direct, in the 
absence of cereal products or other substances. When the residue contains 
cereal products, the material left after hydrolysis of the starch and extraction 
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of the nitrostarch will contain the crude fibre of the cereal together with char- 
coal or other insoluble ingredients. A separation of such components is usually 
impracticable. 

Trinitrotoluene (TNT) 


Trinitrotoluene, commonly designated in this country by the abbreviation 
TNT, is also known in this and other countries by such names as triton, 
trotyl, tolite, trilite, trinol, tritolo, etc. The term trinitrotoluol, which is 
probably more commonly used than trinitrotoluene, is incorrect according to 
approved chemical nomenclature. 

This explosive is of the greatest importance as a high explosive for military 
use, being adaptable as a bursting charge for high explosive shell, trench 
mortar shell, drop-bombs, grenades, etc., because of its powerful explosive 
properties, relative safety in manufacture, handling, etc., its stability, its lack 
of hygroscopicity, and absence of any tendency to form sensitive compounds 


with metals. 

It is classified by the Ordnance Department, U. S. A., into two grades, 
according to purity — Grade I with solidification point of at least 80.2® C. and 
Grade 11 with solidification point of at least 76.0° C. Other requirements, the 
same for both grades, are as follows: acidity (as H 2 SOO, not more than 0.01%; 
insoluble in benzene or 95% alcohol, not more than 0.10%; moisture, not more 
than 0.10%. Grade I represents material purified by means of sodium sulfite. 

Solidification Point.—The determination of the solidification point or 
setting point of TNT is the best single test for purity of this compound, 


and is preferably carried out as follows: 

A sample of about 50 grams of TNT is placed in a l'^X6" test tube and 
melted by placing the tube in an oven at about 95® C. The tube is then 
inserted through a large cork stopper into a larger test tube about 1^ X7 , 
which in turn, is lowered into a wide-mouth liter bottle, so that the rim of the 
large tube rests on the neck of the bottle. The inner test tube is provided 
with a cork stopper containing 3 openings — one for a standard thermometer 
graduated in 1/10° C., one for a short thermometer which is passed just through 
the stopper and is used for noting the average temperature of the exposed 
mercury column of the standard thermometer, and the third opening being 
a small v-shaped notch at the side of the stopper, through which passes a wire 
whose lower end is bent in a loop at right angles to the axis of the tube and 
which is used for stirring the molten sample of TNT. . . 

The standard thermometer is so adjusted that its bulb is m the cen^r of 
the molten mass, and the stirrer is operated vigorously, the thermometer being 
watched carefully as the temperature falls. The temperature will finally 
remain constant for an appreciable time and then rise slightly, o^ng 0 e 
lieat of crystallization of tlie TNT. As this point is reached, readings should 
Iw taken about every 15 seconds until the maximum temperature o the rise 
i.s reached. This temperature will usually remain constant tor several mmutea 
while crystallization is proceeding. The maximum reading, correc ® ^ 

emergent stem of the thermometer, is taken as the solidification pom o 

Ash.— About 5 grams of TNT is moistened with sulfuric acid and toned 
in a tared crucible. The residue i.s again moistened with a few drops of nitric 
acid and sulfuric acid and again ignited and the resulting ash weighed. 
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Moisture. — A sample of about 5 grams spread on a watch glass is desiccated 
over sulfuric acid to constant weight. 

Insoluble. — A sample of about 10 grams is treated with 150 ml. of benzene or 
95% alcohol, heated to boiling, and filtered while hot through a tared Gooch 
crucible with asbestos mat. The insoluble residue is washed with additional 
solvent, dried at 100° C. and weighed. 

Acidity. — A 10-gram sample is melted in a large test tube or a flask and 
shaken with 100 ml. of neutralized boiling water, cooled and the water de- 
canted. A similar treatment is given using 50 ml. of boiling water, the two 
portions of water combined, cooled and titrated with tenth normal NaOH, 
using phenolphthalein indicator. The acidity is calculated as % H^SOi in the 
original sample. 

Nitrogen. — Nitrogen is not usually determined in tlie inspection of TNT 
but when necessary it may be determined by the Dumas combustion method 
or the modification of the Kjeldahl method described on page 1671. 

Picric Acid 

Ordnance Department, U. 8. A., specifications for picric acid prescribe that 
it shall have a solidification point of not less than 120° C.; that it shall contain 
not more than the following amounts of impurities: 


Moisture — 0.2% for dry material 22.0% for wet 

Sulfuric acid (free ami (:omhiiie<l) 0.10% 

Ash 0.2% 

Insoluble in water 0.2^ p 

Soluble lead 0.0004 7^ 

Nitric acid (free) none 


Solidification Point. — Dry the sample at a temperature not exceeding 50° C. 
Melt sufficient to give a .Tinch column in a 0-inch X i?4'inch test tube immersed 
in a bath of glycerin heated to 130° C. When the sample Is completely melted 
remove the tube from the bath and stir the sample with a standardized ther- 
mometer graduated in 0.10 degrees, until the picric acid solidifies. During 
solidification the temperature will remain constant for a short time and then 
undergo a slight rise. The highest temperature reached on this rise is recorded 
as the solidification point. The test may be more accurately carried out using 
the apparatu.s and method a.s described under trinitrotoluene (p. 1081). 

Moisture. — A weighed sample of about 10 grams is spread evenly on :v 
tared watch glas.s and dried to constant weight (about 3-4 hours) at 70° C. 

Sulfuric Acid. — About 10 grams is weighed and dissolved in 250 ml. of boiled 
distilled IDO, acidified with HCl and heated to about boiling. Hot IlaCb 
solution is added with stirring and the mixture allowed to stand at least 1 hour 
on the steam bath. Filter hot on a tared Gooch crucible, wash with water, 
dry at 100° C. and weigh. Calculate BaS 04 found as in original sample. 

Ash. — About 5 grams is weighed in a crucible, moistened with sulfuric acid, 
burned carefully, and the residue ignited to burn off all carbon. The resulting 
ash is cooled and weighed. 

Insoluble in Water.— 10 grams of the sample is treated with 150 ml. boiling 
distilled water, boiled for 10 minutes, filtered while hot through a tared Gooch 
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crucible, washed well with hot water, and the insoluble residue on the filter 
dried at 100°, cooled, and weighed. 

Soluble Lead. — The presence of soluble lead in picric acid is highly objec- 
tionable, because lead picrate is an extremely sensitive explosive and its pres- 
ence would greatly increase the dangers involved in handling and loading 
picric acid. A weighed sample of about 300 g. is digested in a 2-liter flask 
with 100 ml. of a hot saturated solution of barium hydroxide in 65% alcohol. 
1400 nil. of 95% alcohol is then added and the digestion continued at a tem- 
perature below the boiling point (with reflux condenser), until everything 
except traces of insoluble matter is in solution. The picric acid is then allowed 
to crystallize on cotding, and the solution filtered off, decanting the clear liquid 
from the crystals until 500 ml. of filtrate is obtained. This 500 ml., repre- 
senting 100 g. of picric acid, is treated with 5 drops HNO 3 and 10 ml, of 0.1% 
HgCL solution, and HoS passed through it for 15 minutes. Allow the pre- 
cipitate to settle for 20 minutes, filter and wash with alcohol saturated with 
HaS. Dry and ignite the precipitate, then dissolve the residue in 9 ml. of 
HXO 3 (sp.gr. 1.42) by warming, add warm water to bring the volume to 50 
mb, and electrolize at 0.4 ampere and 2.5 volts, temperature 65° C., for 1 hour. 
Wash the electrode by replacing the beaker \rith another one containing dis- 
tilled water without interrupting the current. Dry and weigh the previously 
tared anode. The weight of lead peroxide found XO.8661 gives the percentage 
of soluble lead found. ^ ^ ^ 

Nitric Acid.— No coloration should result when a water solution of picric 
acid is treated with a solution of diphenylamine in sulfuric acid. 


Ammonium Picrate 


Ammonium picrate, also known in this country as Explosive D, is of 
importance as a military explosive more on account of its insensitiveness to 
.riiock and friction, than l)ecause of its explosive strength, which is less than 
that of TNT. Its chief use is as a bursting charge in armor-piercing projectiles. 

Military -^pecificatLons require it to be prepared from picric acid of standard 
purity, to contain not than 5.64% ammoniacal nitrogen, and not more 
than the following amounts of impurities: 


Moisture 

Insoluble material. . . 

Ash 

Free ammonia (NIL) 
Free picric acid 


0 . 20 % 

0 . 20 % 

0.207n 

0.025% 

0.0257o 


Moisture.-A sample of about 10 grams spread on a tared watch glass is 
dried at 9.5° C. to constant weight (about 2 hours). 

Insoluble Material.— A 10-gram .sample is boiled with 150 ml of water for 
10 minutes, filtered on a Gooch crucible, the residue washed with hot water, 
dried at 100° C. and weighed. , ,, , , 

Ash.-A sample of about 1 gram is saturated 
luirned in a tared crucible, the residue ignited to burn oft all carbon, and the 

''''FrelwniaorFreePicricAcid.-Asampleofabout5grams 

liorcelaiii mortar with successive 50 ml. portions of “^il the ^amp e is 

entirely dissolved, each portion of the water being poured through a filter into 
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a 500-inl. Erlenmeycr flask. Add 3 to 5 drops of a saturated solution of 
sodium alizarin sulfonate or of a 1 % alcoholic solution of methyl red and note 
whether the solution is acid or alkaline. Both indicators are yellow when 
acid. In alkaline solutions sodium alizarin sulfonate is purple and methyl red 
is red. Titrate the solution with N/10 acid or alkali. Subtract one drop 
from the volume used to allow for the amount required to convert the solution 
from neutrality to acidity or alkalinity. Calculate as follows: 

% free ammonia 

% free picric acid 

where .4 =ml. N/10 solution used, 

5 = normality factor of solution, 
ir = weight of sample used. 

Tetiyl 

Tetryl is the commercial term applied to the explosive trinitrophcnyl- 
methylnitramine, also improperly called tetranitromethylaniline. Its chief 
use is as a “ booster charge in high explosive shell, where it serves to transmit 
the detonating wave from the detonator or fuze to the less sensitive bursting 
charge. Being in immediate contact with the fuze it must be of a high degree 
of purity, and is required by Ordnance Department specifications to have a 
melting point of at least 128.5° C. and to contain not more than the following 
amounts of impurities: 


Moisture 0.10% 

Insoluble in Benzene 0.40% 

Acidity (as HjSOO O.lO^o 


Melting Point. — The sample to be used for this test is dried overnight in a 
vacuum desiccator or 2 hours at 9o°-l00° C .and pulverized to pass a 100-mesh 
screen. A capillary melting-point tube is filled to about 34 inch from the 
bottom and attached to the stem of a standard thermometer .so that the sample 
is next to the center of the bulb. The bath is properly agitated and provision 
made for correcting for the emergent stem of the thermometer. The tem- 
perature of the bath is raised rapidly to 120° C., then at the rate of 1° in 3 
minutes, the temperature at which the first meniscus appears across the cap- 
illary tube being noted as the melting point. 

Moisture.— A sample of about 5 grams is weighed in a wide shallow weighing 
bottle and dried over sulfuric acid in a desiccator for 48 hours, the sample 
being spread uniformly so that its depth is not over 0.5 cm. The loss of weight 
is regarded as moisture. 

Insoluble in Benzene. — 5 grams of sample is dissolved in 75 ml. of benzene, 
filtered through a tared Gooch crucible, and the residue washed with throe 
25-ml. portions of acetone, dried to constant weight at 100° C. and weighed. 

Acidity. — The benzene filtrate from the determination of insoluble material 
is shaken with 100 ml. cold boiled distilled water in a separatory funnel, tlic 
water layer removed and the benzene solution given a second extraction with 
50 ml. more water. The combined water extracts are titrated with N/-0 
NaOH solution, using phenol phthalein indicator. 


AX0.17B 

W 

AX2.29B 

W 
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Mercury Fulminate 

In commercial blasting caps and electric detonators mercury fulminate may 
be found intimately mixed with potassium chlorate. It is, however, used 
without admixture in certain types of detonators, in the fuzes of high explosive 
shell and for other military purposes. It is usually purchased under specifica- 
tions which provide that it shall be at least 98% pure, shall be free from acid, 
and contain not more than 2% insoluble matter, 1% free mercury, and 0.05% 
chlorine in the form of chlorides. 

Preparation of Sample. — -Mercury fulminate being packed and handled in a 
thoroughly wet condition until dried just before use, it is generally necessary 
to dry the sample before testing. This may be done by exposing in a low 
temperature oven at not more than 50° C. until practically dry, then in a 
desiccator (not a vacuum desiccator) over sulfuric acid or calcium chloride until 
its weight is constant. 

Mercury Fulminate Content. — Exactly 0.3 g. is weighed into a wide- 
mouthed Erlenmeyer flask of about 250 ml. capacity, and 30 ml. of a 20% 
solution of purest sodium thiosulfate is added quickly and the mixture shaken 
for exactly 1 minute. At once titrate with ^7l0 hydrochloric acid using 3 drops 
of methyl red indicator, the titration to be commenced 1 minute after adding 
the sodium thiosulfate, and to occupy not more than 1 minute additional time. 

The percentage of mercury fulminate is calculated from the volume of 
standard acid required, after deducting the volume of acid required for a blank 
determination. Four molecules of HCl are equivalent to 1 mol. of mercury 
fulminate, or 1 ml. ^7l0 HCl equals 0.00711565 g. mercury fulminate. The 
reaction is assumed to be as follows : 


HgC2N2O2+2Na2S2O3+2H20 = HgS406+4NaOH+C2N2. 

Acidity.— A 10-g. sample is extracted with 2 successive 25-ml. portions of 
boiled distilled water in a Gooch crucible, and 3 drops of methyl orange solution 
(1 g. per liter) added to the solution. No red tinge of color should be obtained. 

Insoluble Matter. — A 2>g. sample is dissolved in 20% NaaS^Oa solution, 
filtered through a tared Gooch crucible and any insoluble washed several times 
with water and dried to constant weight at 60 -70 . - ... 

Free Mcrcury.-The residue of insoluble matter obtained as described 
above is treated with a solution of 3 g. KI and 6 g. Na 2 S 203 m 50 ml. HgO by 
passing the solution through the Gooch crucible. Any (ugamc mercu^ com- 
pounds are thus converted into mercuric iodide, which is soluble in Na 2 S 20 a 
solution. The metallic mercury remains behind on the filter, and is washed 
with H 2 O, dried 1 hour at 80“-90° C., and weighed. 

Chlorides.— A 5-g. sample of fulminate is 
with 2 successive 25-ml. portions of distilled water at 90 -100 C. Three drops 
of concentrated HNO3 and 10 drops of 10% AgNOs solution are added to the 
filtrate. If a turbidity results, the AgCl should be 

or a fresh sample extracted and the filtrate titrated with a standard AgNO, 
solution. 

Lead Aride 


I.cad azide, PbN,, is a primary or detonating explosive. 
'>coii employed in several European countries for many years 


Although it has 
as an ingredient of 
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detonators and primers for both commercial and military purposes, its use in 
the United States is comparatively recent. Its principal application is as a 
priming charge in compound detonators, where it is superimposed on a main 
charge of tetryl, TXT or other high explosive. Normally a crystalline com- 
pound, it is extremely sensitive when in large crystals, and hence is prepared for 
practical use in the microcrystalline state, or in the form of small rounded 
aggregates. Its natural white color may be slightly darkened by exposure to 
light. It should be free from acidity. Its lead content may be regarded as an 
indication of its purity, provided no other lead compounds are present. Pure 
PbXg contains 71.15% Pb. The sample taken for analysis should be dried at 
about 95*^ C. 

Acidity. — A 10-gram sample is extracted in a Gooch crucible with 100 ml. 
of previously boiled, cold distilled water in 20 ml. portions. The filtrate is 
tested for acidity with methyl orange indicator. 

Lead Content. — A weighed sample (approximately 1 g.) is dissolved in 50 
ml. of saturated solution of ammonium acetate by warming in a 400-ml. beaker. 
The solution is diluted with 200 ml, distilled water, heated to boiling, and 10 ml. 
of a 10% solution of KjCr-O? added with rapid agitation. After digesting on 
the steam bath for 1 hour, the precipitate is collected in a Gooch crucible, 
washed with hot water, dried at lOO'" C. and weighed. PbCrO^XO.GIlOO = Pb. 

Blasting Caps and Electric Detonators 

The commercial blasting caps and electric detonators loaded with a mixture 
of mercury fulminate and potassium clilorate, which were in general use in the 
United States up to a few years ago, have now been largely displaced by com- 
pound detonators in which a priming charge of mercury fulminate, load azide, 
diazodinitrophenol, hexanitrornannite or other primary exi)lo.sivc is employed 
to initiate a main charge of tetryl, TXT, picric acid or other nitrocompound. 

Preparation of Sample. — In the examination of blasting caps or detonators 
for either commercial or military use, the removal of the detonating composition 
from the copper, aluminum or bra.ss shell requires considerable precaution. 
Blasting caps are emptied by squeezing the cap gently in a pair of “ gas forceps," 
the jaws of the forceps being passed through a small opening in a piece of heavy 
leather, rubber belting, or similar material, about 6'' .square, which serves as a 
shield to protect the hand in case of the possible explosion of the cap in squeez- 
ing. After each squeeze, the loosened portion of the charge is shaken out on a 
piece of glazed paper, the cap turned slightly in the forceps and again squeezed. 
The pressure on the cap should be just sufficient to slightly dent it, and in 
shaking out the charge, the cap should not be tapped on the table or other 
surface. With these precautions there is little danger of an explosion. An- 
other method of removing the charge is rolling the cap between two pieces of 
hardwood board, emptying the loosened portion of the charge after each rollinK- 

Electric detonators are opened by first cutting off the wires or “ lc^^s " 
close to the shell, then tearing off the upper portion of the shell by means of 
pointed side-cutting pliers, the cap being held firmly in the fingers and a thin 

A safe apparatas for cutting open electric detonators is shown in Bureau of Mines 
Technical Paper Xo. 282, “Analysis of Detonating and Priming Mixtures," by C. A. 
Taylor and W. R. Rinkenbach, Plate I, 
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strip of the copper shell being torn off spirally by nipping the top edge of the 
shell with the forceps. Tliis must be done with great care, especially as the 
portion of the shell containing the fulminate charge is approached. When the 
greater portion of the plug which holds the wires in place has been exposed, 
the plug and wires are gently pulled out, care being taken to avoid force and 
possible friction, and any adhering particles of the charge brushed off onto 
glazed paper. The charge is then removed from the lower part of the shell 
just as in the case of blasting caps. 

The charge is removed sei)arately from several of the caps or detonators 
and each weighed in order to determine the average weight of charge as well 


as variation of same. 

Reinforced ” caps, or those which contain a small perforated inner copper 
capsule pressed on top of the charge, must he opened in the manner described 
for electric detonators, in order to remove the inner capsule. Detonators of 
this type usually contain a main charge of some nitro compound superimposed 
bv a layer of mercury fulminate, mixture of fulminate and chlorate, or lead 
azide. Although a dean mechanical separation of the two layers is usually not 
p{)s.sible, portions can be taken from each and identified by qualitative tests 
before proceeding with a quantitative examination. 

Moisture. — The moisture content of the composition is determined by 
desiccating to constant weight over sulfuric acid or calcium chloride. 

Analysis of Composition Containing Mercury Fulminate and Potassium 
Chlorate.— Al>out grams of the well-mixed composition is weighed in a 

riooch crucil)le provided with asbestos mat or disc of filter paper or silk, and 
first moistened with a few drops of alcohol, then extracted with 200-250 ml of 
cold water in 15-20 ml. portions, using slight suction after each portion has 
remained in the crucible for a few minutes. The residue in the filter is dried 
to c()!istant weight at GO^-70'’ C. (2-3 hours), and weighed. 

The water extract contains the potassium chlorate and a portion oi the 
mercury fulminate, which is slightly soluble in cold water. It is treated with 
2 ml of ammonium hydroxide and H^S passed to completely precipitate the 
cli-olved mercury fulminate as HgS. This black precipitate is fi tered off, 
washed, dried and weighed. Its weightXl-22 gives the amount ^erciii^ 
fulminate di.ssolvcd by tlie water. This weight added to the weight of the 
dried residue insoluble in water gives the total weight of mercury fulminate m 
the sample. The Kri ()3 is found by subtracting the per cent of mercury ful- 

mmate-f per cent moisture from 100%. 

Analysis of Compositions Containing 

tctrvl or picric acid can be identified by melting point test TN ^ melting at 
about C., tetryl at about 128° C., and picric acid at abouU20 -122 C- 

They may be extracted TaTSe'^determiLtion of KQ 

, If the n(ain charge is an organic nitrate f — 

nitrostarch, nitrornannitc etc., such material wi e The mercury 

fulminate in the insoluldo residue '\iiitinn of'sodium thiosul- 
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In detonators where TNT or tetryl compose the main portion of the charge, 
a small amount of lead azide, with or without mercury fulminate, may be used 
as a priming charge for the purpose of initiating the detonation of the nitro- 
compound. It should be identified in the top portion of the charge, next 
to the reinforcing cap, and will in all probability be present if mercury fulminate 
is not found. It is practically insoluble in water and in ether, and will be left 
in the insoluble residue. If present, fulminate is destroyed by treating the 
residue, in a flask, with 25 ml. of IvOH solution. This converts the lead azide 
to potassium azide, KN3. A slight excess of H2SO4 is added and the mixture 
distilled, the distillate, containing HN3, being collected in water. Enough 
NaOH is added to the distillate to give an alkaline reaction with litmus, then 
a little Pb(X03)2, when lead azide, PbN^ will be regenerated as a white precipi- 
tate, which may be filtered off, washed with water, then with alcohol, dried 
in the air, and tested by striking a small portion with a hammer. 

Primers 

Variations in Composition. — Many varieties of composition are used in 
primers for small arms ammunition, and for other military purposes. The 
composition must be ignited by the impact of the firing pin, and must give a 
flame of sufficient intensity and duration to ensure proper ignition of the pro- 
pellant or of the detonator, depending on the purpose for which the primer is 
employed. As primers are used ^suth various kinds and granulation of explo- 
sives, a priming composition suitable for one purpose is unsuited for another; 
hence there are many types of priming compositions. A few of the types which 
were in common use up to comparatively recent years are shown in Table 1 
below. Table 2 gives a few examples of the great variety of patented types of 
the more modern non-corrosive ” primer compositions, in which potassium 
chlorate is eliminated because the chloride formed as one of the products of 
combustion w'as found to be responsible for corrosion of the gun barrels. “ Non- 
corrosive primers have displaced many of the older types. 


TYPES OF PRIMER COMPOSITIONS 
.APPROXIMATE COMIX)SITION (PER CENT) 

Table 1 


IngredieriLa ■ 

No. 1 

No. 2 

No. 3 

No, 1 

No. 5 

No. e ' 

j ^ i 

No. 8 

No. 9 

No. 10 

Mercury fulminate 

31 

25 

11 

1 

1 






! 

28 

Potassium chlorate 

38 

38 

53 

60 ! 

50 1 

51 

i 53 

53 1 

47 

14 

Sulfur 

— 

— 



7 

3 

9 

1 — 

1 

22 



Powdered gla-ss . . . , 









12 


1 


35 

Lead sulfocyanate 

— 

j 




_ 1 


25 

i 25 




Copper suUocyanate 

— 

i — 



! 3 








— 

Barium nitrate 

— 

(> 










' 




TNT 



'■ 



^ 





5 

1 





Tetryl 














i 3 




Antimony sulfide 

31 

31 

36 

30 

44 

26 

17 

17 

31 

21 

Lead oxide (PbO) 









2 


I — 

Shellac 

[ 









2 




2 

Black powder (meal) 
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3 


, — 

1 — 

— 
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Table 2 


Mercury fulminate ; 

_ 

30-35 

25^0 


30-31.5 

37 

3.5-40 

Lead styphnate 


— 

5-10 



10-5 5 



Barium nitrate ; 

39 

— 

24-44 



29-30.5 

32 

0-16 

Lead nitrate 

Lead peroxide 

5 

— 

— 

30 



30-12 

Barium peroxide 

— 

25-45 








Calcium silicidc 

11 

10-25 








Antimony sulfide 

5 

— 

0-lG 




28 


Lead sulfocyanate 


— 

— 

7 

10-10.5 


12-10 

Diazodinitrophenol 


— 

— 

6-8 




Tetracene 

2 

— 

1 _ 






Basic lead pi crate 

— 

— 



38-36 




Lead dinitrosalicylate 

— 

— 

i 4-10 

18 





Abrasive 


0-25 

0-30 


1 20-21 

3 

22-21 


In addition to these ingredients most priming compositions are mixed with 
small amounts of some binding material dissolved in water or alcohol, such as 
gum arabic, gum tragacanth, glue, shellac, etc. These traces of binding mate- 
rials are usually disregarded in the analysis of the compositions. 

Preparation of Sample. — If the caps contain anvils, these must first be 
carefully removed, as well as any covering of tin foil or paper. The primer 
composition is then carefully removed from a number of primers and weighed 
to determine the average charge. It is then carefully crushed, a little at a time, 
and the sample well mixed. If necessary, it may be removed from the caps 
by the aid of water or alcohol and the latter removed by evaporation before 
weighing. 

Qualitative Examination. — The following special tests may be made use of 
in connection with a qualitative analysis of the mixture : 

A small amount is burned between tw'o w^atch glasses, the formation of a 
mirror indicating mercury, antimony, copper or lead. The mercury mirror is 
readily volatile on gentle ignition. 

Extract a portion of the mi.xture wdth ether, then with water, then with 
Na2S203 solution, then with aipia regia, retaining each of these solutions. 

TNT or tctryl may be present in the ether solution and are identified by 
m.p. or color test, TNT giving a deep red color with acetone and KOH. 
Sulfur is detected by burning a portion of the ether-soluble material and noting 
odor of SO2. 

The water extract is tested for KCIO3 by adding 112804, boiling, and noting 
odor of chlorine, A portion is treated with HCl and FeCh, a red color indi- 
cating thiocyanate. The usual FeSOi ring test is made for nitrates, A white 
precipitate with II 2804 indicates Ba or Pb. 

The aqua regia solution is diluted and tested with HoS for antimony, lead, 
and copper. If the precipitate is not orange-red, lead or copper are indicated, 
dissolve in HNO3, neutralize witli NH4OH; a blue solution indicates copper, 
^hile lead is detected bv the formation of a wliite precipitate with H2SO4. 

Any material insoluble in acpia regia may be powdered glass or other 
abrasive material. 

Quantitetive Analysis.— The method of analysis will depend entirely upon 
the ingredients indicated by qualitative tests. In general, a separation is best 
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effected by successive extractions with ether, water, NaaSsO^ solution (to 
remove fulminate), dilute or concentrated HCl, and aqua regia. The small 
amount of mercury fulminate present in the water extract may be determined 
by precipitation with HoS or by adding 10-15 ml. of thiosulfate solution and a 
few drops of methyl orange and titrating with N/10 HCl or H2SO4 (see page 
513 of Yol. I). Other materials in the water and acid solutions are determined 
by the usual analytical methods. 


Nitrocellulose 


General. — The term nitrocellulose, or more correctly cellulose nitrate, 
applies to any nitration product of cellulose, ranging from products containing 
in the neighborhood of 10-11% X, which are used in the preparation of lacquers 
and other commercial products, to military guncotton with over 13% N. All 
of these products arc undoubtedly mixtures of the various nitrates of cellulose, 
as indicated by the fact that there is always some material with low nitrogen 
content, soluble in ether-alcohol, in high nitrogen guncotton, and some insoluble 
material in the lower nitrated commercial products. It can usually be shown 
without great difficulty that any nitrated cotton is a mixture of various nitrates 
of cellulose. 

The products of military importance arc the insoluble guncotton of high 
X-content, and the so-called “ pyro ” or pyrocellulo.se, soluble in ether-alcohol 
and of about 12.60% X-content. In testing these products, the characteristics 
of most importance are content of nitrogen, solubility in ether-alcohol, and 
stability. Otlier determinations generally made are solubility in acetone and 
ash. 


Preparation of Sample. — If the sample contains a large excess of water, it 
is enclosed in a clean cloth and the excess water removed hy means of a press 
or wringer. The pressed sample is then rubbed up in the cloth (not with the 
bare hand) until lumps are removed, then spread on clean jKiper trays in an 
air hath at about 35®-40® C. until air-dry." 

Samples for stability tests and nitrogen determination are treated as noted 
below, the air-dry sample being suitable for determining solubility and ash. 

Nitrogen. — About 1 to 1.05 g. of the air-dry sam])lc is roughly weighed in a 
tared weighing bottle, dried at 98'’- 102” Ch for 1 3'^ hours, cooled in a desiccator 
and accurately weighed. It is then transferred to tlie generating bulb of a 
nitrometer (Du Pont modification ; see p. 050) using a total c)f 20 ml. of 94-95% 
c.p. H2SO4. The sample must be dissoh'cd in the acid either in the weiglung 
bottle or in the cup of the generator, before it i.s drawn into the goncratins 
bulb, and both the weighing bottle and the cup of the generator must he 
thoroughly washed out with the 20 ml. of ILSD t, so that none of the sample is 
lost. The determination in the nitrometer is completed in the usual rnaimer 
(p. 650), the result being exprcs.sed a.s per cent X in the dried sami)le of nitro- 
cellulose. 

Solubility in Ether- Alcohol. — («) Guncotton: The amount of ether-alcohol 


soluble material in guncotton being usually not more than 10-12%, the deter- 
mination may l.^e made by evap^>rating a clear solution. Two grams of air-dry 
sample is placed in a clean dry cork-stopjxTed 250-ml. cylinder, 67 nd. 
95% ethyl alcohol added to thoroughly wet the guncotton, then 133 nil- 
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ethyl ether (U.S P. grade, 96%), added and the mixture well shaken. If the 
mixture of 2 parts ether and 1 part alcohol be added at once to the sample, a 

j » ‘i» 

1 - IS n^ow allowed to stand at a constant temperature of usually 

lo.5 C, The solubility of nitrocellulose increases as the temperature is 
d'-ereased, hence a constant temperature of digestion is important. During the 
digestion, which requires at least 1 hour, the cylinder must be thoroughly 
shaken at 5-minute intervals. The cylinder is now allowed to stand for at 
least 4 hours, until the insoluble portion of the sample has completely settled 
and the supernatant liquid is perfectly clear. 

Fifty ml. of the clear solution is now drawn off with a pipette, care being 
taken not to disturb the settled pulp, and evaporated in a weighed evaporating 
dish on a steam bath, avoiding loss from violent boiling of the ether. Wlien 
2o-:i0% of the solution has been evaporated, 10 ml. of distilled water is added 
slowly and the evaporation continued to dryness. The effect of the water is to 
leave the residue in a white, brittle or powdery condition, rather than a tough 
film which would lose its solvent with difficulty. 

The dish is finally idaced in an oven at 95-100“ C. for ^ hour, cooled in a 
desiccator, and weighed. The weight of the residue, corrected for the residue 
in the ">0 ml. of ether-alcohol and 10 ml. H.Q used, represents the soluble nitro- 
cellulo.se in 0.5 g. of the guncotton. 

(6) Fyrocellulosc: 4 he solubility of pyrocellulose may be determined in the 
manner described for guncotton, but owing to the much larger amount of 
soluble material present, the evaporation of the residue to constant weight 
without decomposition involves considerable difficulty. Sufficient water must 
be added to precipitate the soluble nitrocellulose from solution in a stringy or 
fibrous condition. 

The determination is usually conducted by either the volumetric method or 
the gravimetric method. 


In the volumetric method, one gram of the air-dry sample is covered with 
75 ml. of 05% ethyl alcohol and allowed to stand for about 2 hours with frequent 
stirring, 150 ml. of ethyl ether is then added with stirring and the agitation 
continued until .solution is complete. The solution is now allowed to stand at 
least 4 hours witli frequent stirring, during at least 1 hour of which time it is 
to be kept at a temperature of 15.5“ C. It is then transferred to a “ solubility 
tube ” and .allowed to stand for about IG hours, in order that the insoluble 
material may settle completely. The solubility tubes are heavy glass tubes 
al)out 21 inches long and 1.55 inches inside diameter, tapering gradually near 
the bottom to a constricted portion about 2 inches long and about 0.3 inch 
inside diameter. This narrow bottom portion is graduated in one-tenth ml. 
The volume of the settled insoluble material is read in ml. from the scale on 
tiic tube. If the reading is 0.25 ml. or less, the percentage of insoluble is 
<^fmsi{lered to be 1% or less. If an exact determination is desired the gravi- 
metric method must be used. 

In the gravimetric method the solution is prepared and settled in a solu- 
bility tube as described above and the clear liquid removed as completely as 
pos.sihle by means of a narrow si])hon tube of glass, hresh alcohol and ether 
^'irc then added as before, the tube shaken and allowed to stand again until the 
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insoluble has settled, when the process may be repeated several times, depend- 
ing on the amount of insoluble material present. After the last decantation, 
the residue is washed from the tube to a beaker, using as small a quantity of 
ether-alcohol as possible, and the mixture filtered through a weighed Gooch 
crucible \vith ignited asbestos mat, the insoluble washed free from soluble nitro- 
cellulose wdth ether-alcohol, dried first at a low temperature and finally at 
100° C. to constant weight, cooled and weighed. The crucible is then carefully 
ignited over a free flame, cooled and weighed again. The loss of weight on 
ignition is considered as insoluble nitrocellulose. 

Solubility in Acetone. — A 1-gram sample of air-dry pyrocellulose is treated 
with about 200 ml. of acetone with frequent stirring until all gelatinous matter 
has dissolved. The solution is transferred to a solubility tube (described above), 
well shaken and allowed to settle for about 16 hours. If the volumetric reading 
is 0.2 ml. or less, the percentage of insoluble is considered to be 0.4% or less. 
A gravimetric determination may be made as described in the preceding 
paragraph. 

Ash. — One gram of air-dry sample i.s w^eighed in a tared crucible, moistened 
with 16-15 drops of concentrated nitric acid, and digested for 2-3 hours on a 
steam bath until converted to a gummy mass. The crucible is then heated 
carefully over a Hunsen burner until the mass is completely charred, then at a 
red heat until its w*cight is constant. The residue is the ash of the sample. 

Stability Test: Heat Test with Potassium Iodide Starch Paper, — The “ heat 
test ” or KI test, as it is commonly designated, is the test most commonly 
employed for determining the stability or degree of purification of nitrocellulose, 
w’hether guncotton or p>Tocellulose. This test, also referred to as the Abel test, 
depends on the action of oxides of nitrogen liberated by the nitrocellulose under 
the influence of heat, the gases in contact with the KI -starch paper liberating 
iodine wdiich colors the starch. 

The sample is dried with great care to avoid contamination, in a clean paper 
tray, at 35° to 40° C., until its moi.sture is reduced to the amount which will 
give the minimum heat test, usually 1.5 to 2%. The proper amount of moi.s- 
ture is determined a.s follows: During the progress of the drying, the sample 
on the tray is “ rubbed up " from time to time, using a piece of clean tissue 
paper spread over tbe back of the hand. When the sample begins to adhere 
to the paper, due to static electricity, a .sample of 1.3 g. is weighed into a stand- 
ard test tube. These tubes arc inches long, not less than 34 inch inside 
diameter and not more than outside diameter, made of gla.ss about 3/04 
inch (1.2 mm.) thick. As soon as the first sample is weighed, the tray is 
replaced in the drying oven for 2-5 minutes, a second sample weighed, and this 
process repeated until a series of 5 samples have been taken, the last sample 
being completely dry. This series of samples, if properly taken, will cover the 
range of moisture content ^ving the minimum heat test. If the sample in the 
tray appears to have become too dry during the time the weighings are being 
made, it may l)c placed in a moist atmosphere for not more than 2 hours; the 
entire time of drying and making the test must not exceed 8 hours. 

The tubes containing the samples are fitted with clean, fresh cork stoppers 
through which pass a piece of glass rod into the end of which is fused a small 
piece of platinum wire bent into a hook. The wire is heated in a flame to clean 
it, a piece of the standard KI starch test paper, attached, taking care 
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that neither wire nor paper are touched with the fingers, and the paper mois- 
tened on its upper portion by touching it with a glass rod dipped in a solution 
of equal volumes of pure glycerin and water. The stoppers are then inserted 
in the tubes and the tubes placed in a constant temperature water bath, so 
that they are immersed to a depth of 2.25 inches. The time of placing in the 
bath and the time of the appearance of the first faint yellowish discoloration 
of the test paper are noted. The minimum test given by the 5 samples is 
taken as the result of the test. The discoloration appears at the lower edge 
of the moist portion of the paper. The temperature of the heat test bath is 
65.5® C. (150° F.) for pyrocellulose, and usually 76.5° C. (170° F.) for gun- 
cotton. Pyro is usually required to stand a test of 35 minutes, and guncotton 
10 minutes. 

A standard test paper is absolutely essential, and is prepared as follows: 

The paper used in preparing the test paper is Schleicher and Schull’s filter 
paper 597. This is cut in strips about 6 by 24 inches, and after being washed 
by immersing each strip in distilled water for a short time is hung up to dry 
overnight. The cords on which the paper is hung are clean and the room is 
free from fumes. The washed and dried paper is dipped in a solution prepared 
as follows : 

The best quality of potassium iodide obtainable is recrystallized three times 
from hot absolute alcohol, dried, and 1 gram dissolved in 8 ounces of distilled 
water. Cornstarch is well washed by decantation with distilled water, dried 
at a low temperature, 3 grams rubbed into a paste with a little cold water, 
and poured into 8 ounces of boiling water in a flask. After being boiled gently 
for 10 minutes, the starch solution is cooled and mixed with the potassium 


iodide solution in a glass trough. 

Each strip of filter paper is immersed in the above-mentioned mixture for 
about 10 seconds and is then hung over a clean cord to dry. The dipping is 
done in a dim light and the paper left overnight to dry in a perfectly dark room. 
Every precaution is taken to insure freedom from contamination in preparing 
the materials and from laboratory fumes that might cause decomposition. 
When dry the paper is cut into pieces about H by 1 inch and is preserved in the 
dark in tight glass-stoppered bottles, the edges of the large strips being fimt 
trimmed off about one fourth inch to remove portions that are sometimes 
slightly discolored. When properly prepared the finished paper is perfectly 
white, any discoloration indicating decomposition due to contamination 

Stability Test at 134.5° C.— In addition to the KI starch test, pyrocellulose 
is usually required to stand a test at 134.5° C., made as follows. 

The sample is completely dried at about 40° C., and 2.5 grams placed in each 
of 2 heavT glass tubes, 290 ram. long, 18 mm. outside diameter and 15 mm. 
inside diameter, closed with a cork stopper through which passes a hole 4 mm. 
in diameter. A strip of litmus paper or standard normal methyl violet paper, 
70 mm. long and 20 mm. wide, is placed in each tube, its lower edge 25 mm. 
al)ove the sample, which is pressed down to occupy a depth of 2 inches, the 
^valls of the tube being wiped clean with a roll of paper. The tubes ^en 
heated in a constant temperature bath at 134° to 135° C., a 1 but ^^out ^7 mm 
the tube being immersed in the bath. They are partially withdraw fo 

" Storm, C. G., Proc. 7th Inter. Congress Appl. Chem., 1909; J. Ind. Eng. Chem., 1, 
802 (1909). 
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examination of the test papers every 5 minutes after the first 20 minutes of 
heating, and replaced at once. The time required for reddening of the litmus 
paper or for turning the methyl violet paper to a salmon pink color is noted 
as the time of the test. A minimum test of 30 minutes is required with the 
methyl violet paper, and heating is then continued for a total of 5 hours, during 
which time there should be no explosion. 

The standard normal methyl violet paper is prepared as follows: 

Preparation of Methyl Violet Test Paper. — A solution is prepared contain- 
ing the following ingredients: pure rosanilinc acetate prepared from 0.2500 g. 
pararosaniline, .1680 g. methyl violet (crystal violet), 6 ml. c.p. glycerin, 30 ml. 
water, and siifhcient pure 95% ethyl alcohol to make up to 100 ml. This 
solution is placed in the angle of an inclined deep rectangular glass tray, and 
large sheets of Schleicher & Schiill filter paper (No. 597) cut in four strips are 
dipped in it. In dipping, the strip is held by one end and dipped to within 
of this end, withdrawing it slowly up the side of the tray so as to remove surplus 
solution. The strip is then held horizontally and waved to and fro so as to 
prevent the solution from running and collecting in spots. As soon as the 
alcohol has evaporated the strip is suspended vertically to dry, and when dry 
Is cut in strips 20X70 mm. These strips are bottled and kept for use in the 
134.5^ C, test. 

Viscosity. — In the ease of commercial nitrocelluloses it is frequently neces- 
sary to determine the viscosity of standard solutions. The solutions used for 
this purpose are usually as follows 


F’ormula 


by W'eight 

A 

li 

C 

Nitrocellulose (dried at 50’’ C.; 

12.2 

20.0 ' 

2.5.0 

Ethvl acetate (8.7-88^4 grade) 

i 17.5 ^ 

in.o 1 

15.0 

Denatured alcohol, (hD. No. 5 (188-190 pnxjf) 

22.0 1 

20.0 1 

18.75 

Toluol (2"' C. range, inci, 110.7’’) 

i 48.3 , 

44.0 

41.25 


Formula A is used unless viscosities obtained with it are 6 seconds or less, in 
which case Formula B i.s used. If B gives below 3 seconds Formula (7 is used. 

A glass cylinder l"=h0.02"' inside diameter and 14" high, with marks 10" 
apart at points 2" and 12" from the top, i.s filled with the solution to be tested, 
the cylinder .stoppered and allowed to stand until ail bubbles have disappeared, 
then brought to a temperature of 25“it0.r C. A steel ball 0.312" to 0.313" 
in diameter, weighing 2.035 g.rtO.Ol g., is then released at the center of the 
surface of the solution, and the number of seconds required for the bull to pas'? 
through the 10-inoh column of solution between the marks on the cylinder is 
recorded as the viscosity of the sample with the Formula used. 

A. S. T. M. Standard Specification for Soluble Nitrocellulose (D 301-331). 
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SMOKELESS POWDER 
Nitrocellulose Powders 

At the present time the smokeless powder used by all nations is composed 
of either colloided nitrocellulose or a mixture of colloided nitrocellulose and 
nitroglycerin with or without the addition of other ingredients. All cannon 
powder used m this country is of the nitrocellulose type, small-arms powders 
being of both types. The form and size of the grains arc of great variety, 
depending on the arm in which the propellant is to be employed. 

Physical tests made in connection with the examination of smokeless powder 
include the compression test, determinations of average measurements of the 
grains, specific gravity, gravimetric density, number of grains per pound, and 
calculation of burning surface per pound. 

Chemical tests include determinations of moisture and volatile solvent, 
diphenylamine used as stabilizer, ash, material insoluble in ether-alcohol and 
in acetone, and somctime.s nitrogen content. 

Stability tests include the 134.5® C. test, and the '' Surveillance test.” 

Moisture and Volatiles, A sample of the pow'der weighing approximately 
1 gram, in the form of thin shavings cut from at least 10 grains, or of whole 
graiins if the powder is too small to cut conveniently, is placed in a clean, dried 
and weighed 2 50- ml. beaker, 50 ml. of 95% (by volume) alcohol, and 100 ml. 
ethyl ether added and the beaker allowed to stand under a cover-jar with 
occasional stirring, until the powder is completely dissolved. This usually 
requires from 1 to 2 days. When all gelatinous particles of the powder have 
dissolved, the beaker is heated on the steam bath to evaporate a part of the 
ether, before precipitation of the nitrocellulose with water. The amount of 
ether to be evaporated is important, since it largely determines the character 
of the nitroceIlulo.se precipitate. The presence of too much ether causes a fine 
sandy precipitate ; too little causes a gummy, gelatinous precipitate. A fine, 
flaky, or fibrous precipitate is desirable. The proper amount of evaporation 
can he best determined by practice; usually the solution may be evaporated to 
about 2/3 its original volume before precipitating. When the proper volume is 
obtained, 50 ml. of water is added from a graduate, with continual stirring, in 
5 ml. portions. If a thick gummy precipitate forms, add a little ether until it 
hccomc.s flaky; then add the remainder of the 50 ml. of water. The heating is 
continued with stirring, until most of the ether has evaporated, and the beaker 
is then left on the l)ath until the jirecipitate is just dry. It is then placed in 
the 100° C. oven for 1 hour, cooled in a desiccator, and weighed as rapidly as 
possible. To facilitate weighing the weights should be placed on the balance 
pail before the beaker is removed from tlie desiccator, so that the exact weight 
can be adjusted quickly. If more than 10 seconds are consumed in this weigh- 
ing, the error caused by absorption of moisture from the air is an appreciable 
one. In any event a check weighing should be made after an additional 30 
nunutes drying at 100° C. 

Absorption of moisture during weighing may be avoided by the use of a 
f^uitable aluminum beaker provided with a tightly fitting cover, instead of an 
‘ordinary glass beaker. 
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The final weight of nitrocellulose precipitate subtracted from the weight 
of the original sample represents the weight of moisture and volatile solvent, 
and is calculated as per cent of the original sample. If the powder contains 
diphenylamine, this result is corrected by subtracting from it one fourth of the 
total diphenylamine content, it having been ascertained by actual trial that 
approximately this proportion of the diphenylamine is volatilized during the 
evaporation. 

If the pow'der contains other organic constituents which would be more or 
less completely volatilized during the evaporation process described above, 
resort must be had to an indirect method of determining the content of volatile 
solvent. In such a case, the diphenylamine and other ether-soluble consti- 
tuents are removed by long continued ether extraction of the finely sliced or 
crushed grains of powder, the ether extract is evaporated almost to dryness in a 
slow current of dry air and finally brought to constant w^eight in a sulfuric acid 
desiccator. The volatile solvent is taken as the difference between 100% 
and the sum of the percentages of ether extract, nitrocellulose and moisture. 

Moisture. — An approximation to the actual moisture content of the powder 
can be obtained by drying a sample of not less than 2 whole grains and not 
less than 20 grams for 6 hours in a vacuum oven having a vacuum of not less 
than 25 inches and maintained at 55=h2° C., cooling in a desiccator and weigh- 
ing, the loss of weight being regarded as equal to the hygroscopic moisture in 
the powder. 

Diphenylamine. — The content of diphenylamine used as a stabilizer in 
smokeless powder is most conveniently and rapidly determined by the “ nitra- 
tion method ” as follows : 

Five grams of the pow’der in small grains or slices is treated with 30 ml. of 
concentrated HXOj in a 250-ml. beaker, covered with a watch glass and heated 
on the steam bath until the pow'der has been completely decomposed. The 
solution is then cooled and added to 100 ml, of cold distilled HjO in a second 
beaker, stirring vigorously, the first beaker being w'ashed out completely into 
the second, using additional W'ater. This mixture is now heated on the steam 
bath until the flocculent precipitate has settled and the liquid has a clear yellow 
color. It is then cooled, filtered through a w'eighed Gooch crucible, the pre- 
cipitate dried at 100° C, and weighed. The weighed precipitate is now dis- 
solved by extracting with acetone, the crucible dried and weighed again, the 
loss of w'eight being the nitrodiphenylamine produced by action of the HXO5 
on the diphenylamine. This nitrodiphenylamine is a mixture of nitroproducts, 
and the empirical factor 0,4345 has been determined for converting it to its 
equivalent in diphenylamine. 

It is obvious that the diphenylamine found in old powders by the above 
method will include any of the original diphenylamine which has been acted on 
by nitric acid resulting from slow decomposition of the nitrocellulose and thereby 
converted to nitro derivatives of diphenylamine. The nitration method there- 
fore determines Total diphenylamine.'^ The content of free or active ” 
diphenylamine is determined by the bromination method as follows: 

The ether extract, obtained as described in the paragraph on Moisture nnd 
Volatiles, is dissolved in about 100 ml, of ether, transferred to a 250-ml. beaker, 
and 0.2 ml. bromine added. The solution is heated to about 75° on a steam 
bath and the ether evaporated with a current of dry air. The residue is treated 
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with 40 ml. of 95% (by volume) ethyl alcohol, heated to boiling, 40 ml. of hot 
water added and the beaker left on the steam bath for exactly 10 minutes. 
The precipitate of tetrabromidiphenylamine is collected by filtering the hot 
liquid through a Gooch crucible, washed with 80 ml. of boiling 47.5% (by 
volume) ethyl alcohol, and finally with hot water, dried 1 hour at 100° C. and 
weighed. The weight of precipitate multiplied by 0.3487 equals weight of 
diphenylainine. 

Ash. — The ash is determined in the manner described for nitrocellulose 
(p. 1692), the sample being in the form of slices or small grains, and the digestion 
with HNO3 continued until decomposition is practically complete, before heat- 
ing over a flame. 

Solubility in Ether-alcohol. — One gram of the sample in slices or small 
grains is dissolved in 150 ml. of ether-alcohol (2 : 1) in the same manner as for 
the determination of moisture and volatiles, and transferred to a standard 
solubility tube (p, 1691), washing it in completely with fresh ether-alcohol so as 
to bring the total volume to 300 ml. The insoluble material is determined as 
in pyrocellulose (p. 1691). 

Solubility in Acetone. — This determination is made in the same manner as 
the solubility in ether-alcohol, described above. 

Stability Test at 134,5° C. — This test is made on duplicate samples in the 
same manner as described for pyrocellulose (p. 1693). The samples weigh 2.5 
grams and arc in as nearly whole grains as is consistent with this weight of 
sample, large grains being split longitudinally so as to fit the standard tubes. 
The samples are required to stand heating at 134°-135° C. for 5 hours without 
explosion and must not turn the normal methyl violet paper to salmon pink 
color in less than one hour. 

“ Surveillance Test ” at 65.5° C.~Three samples of approximately 45 grams 
of powder in whole grains, or, in the case of very large grains, 5 whole grains, 
are placed in 8-ounce wide-mouth glass stoppered bottles, the stoppers having 
been previously ground so as to fit tightly. These bottles are then heated in 
a constant temperature magazine at 65.5° d= 2° C. They are observed several 
times daily and the time noted when visible fumes of oxides of nitrogen appear 
in any bottle. The number of days which powder will stand this test depends 
on the web thickness of the grain, as well as on actual stability and may amount 
to several hundred days. The test is therefore not a laboratory test, but one 
which more nearly approaches service conditions. It is of great value as an 
indication of the possible “ stability life ” of the powder in service. 

Nitrogen. — The determination of nitrogen in smokeless powder is not 
usually necessary, in as much as the powder is usually made from nitrocellulose 
of known nitrogen content, but when desired the determination is made as 
follows, in the case of powders containing only colloided nitrocellulose and 
diphenylamine. , . n • 

An average sample of about 5 grams of the powder in slices or small grains 
is dissolved in acetone (100 ml. to each 1 g. of sample). When the sample is 
dissolved, the solution is added drop by drop, preferably from a burette, to 
200 ml. of hot water in a beaker, the beaker being immersed m boiling water 
so as to maintain its contents at about 90° C. During this addition the hot 
''ater is continually stirred with a glass rod, so that the precipitated nitro- 
cellulose forms stringy masses which wrap about the rod. Small accumulations 
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of the precipitate are transferred frequently from the rod to another beaker of 
hot water to prevent the formation of a colloided mass. When 2 g, or more of 
the precipitate has been collected and the acetone has been volatilized by the 
hot water, it is removed from the beaker and dried at 35®-40'’ C. About 1 g. 
of this dry precipitate is placed in a tared weighing bottle, dried 1 hour at 
100° 0., weighed, and transferred to the cup of the nitrometer with sulfuric 
acid. Part of the acid should be added to the precipitate in the weighing bottle 
before transferring to the nitrometer in order to avoid loss of the dry precipitate 
in handling. The determination of N is then completed as in the case of 
nitrocellulose (page 1690). If the powder contains diphenylamine, a correction 
is necessary for the amount of diphenylamine retained by the precipitated 
nitrocellulose. This has been found to be an added correction of 0.15% N in 
the case of powders containing the usual amount of 0.4% diphenylamine. This 
correction compensates for the nitrogen which becomes combined with the 
diphenylamine, converting it to nitrodiphenylamines. 

Instead of correcting for the effect of the diphenylamine, the latter may be 
removed from the precipitated nitrocellulose, after air-drying and before final 
drying at 100° C., by extraction with pure anhydrous ether. Results are quite 
accurate if the determination is conducted with proper precaution. 

Muraour describes the following method for direct determination of 
nitrate nitrogen in smokeless powders without preliminary treatment; The 
powder sample is dissolved in acetone and the solution treated with hydrogen 
peroxide and sodium hydroxide with gentle warming. Sodium perborate is 
then added and the mixture reduced with Devarda alloy in the presence of 
additional sodium hydroxide, and finally distilled into a known volume of 
standard sulfuric acid. Results are obtained which agree closely with the 
theory. The method is applicable in the presence of easily nitrated materials 
such as diphenylamine, Centralite, etc., which interfere with the determination 
of nitrate nitrogen by means of the nitrometer. 

Nitroglycerin Smokeless Powders 

Powders of this type are composed mainly of nitrocellulose and nitro- 
glycerin and may contain other organic or inorganic substances, such as vase- 
line, nitro-substitution compounds, substituted ureavS or other flame-reducing 
or surface-coating agents, diphenylamine, metallic nitrates, carbonates, etc. 
The nitrocellulose may be either high-nitration guncotton insoluble in ether- 
alcohol, as in British cordite, or a low-nitration product soluble in nitroglycerin, 
as in balli.stite, or may be a mixture of the two varieties. 

The method of analysis usually employed consists of (1) an extraction of 
the nitroglycerin, nitrosubstitution compounds, vaseline, and other cther- 
Boluble materials by means of anhydrous ether ; (2) an extraction of the water- 
soluble materials; (3) determination of soluble and insoluble nitrocelluloses by 
separation with ether-alcohol (2 : 1). 

The extraction with ether is usually made in a Soxhiet apparatus, iisi'iJ? 
about 20 grams of the powder in slices or small grains, in a paper extract 
thimble. About 4 houns is u-sually required for complete extraction. 

Direct determination of nitrate nitrogen in colloided smokeless powders, Henri 
Muraour, Bull. Soc. Chim. de France (4), 4S, 1189 (1929). 
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ether extract is evaporated to dryness in a tared glass dish under a bell-jar 
evaporator (page 1664), and the ether-soluble residue weighed. To determine 
whether it contains other substances than nitroglycerin, it may be poured in 
small portions at a time into about 20 ml. of con(;eiitrated nitric acid (40“ Bo) 
heated on a steam bath. The oxidizing action of the nitric acid destroys the 
nitroglycerin, and the mixture is then poured into 50-100 ml. of water. Any 
vaseline or similar substances separate, together with any nitrosubstitution 
compounds in their original condition or more completely nitrated, diphenyl- 
amine in the form of a nitroderivative, etc. 

The.se materials may be separated with more or less completeness by frac- 
tional crystallization from ether or other solvent. The exact method to be 
followed depends on the nature of the materials present. 

The residue insoluble in ether is dried and weighed, and then transferred 
to an Erlenmeyer flask and digested in warm water until any water-soluble 
materials present have been dissolved. The mixture is filtered, the residue 
washed with hot water, dried and weighed. The filtrate containing the water- 
soluble ingredients is examined by the usual analytical methods for inorganic 


ingredients. 

The nitrocellulose insoluble in water is tested for nitrogen content, solubility 
in ether-alcohol and solubility in acetone, by the methods already described. 

The dialkyidiphenyl ureas, knmivn as Centralitcs, are used as surface coating 
agents and stabilizers in some powders containing nitroglycerin and nitro- 
cellulose. In the analysis of such powders both the nitroglycerin and Centralite 
arc dissolved by extraction with alhsolute ether, and a mixture of these ingre- 
dients obtained by evaporation of the ether. Determination of the nitrogly- 
cerin in this mixture by means of the nitrometer gives low results be(*ause when 
concentrated sulfuric acid is added the Centralite becomes nitrated to a tetra- 
nitrocompound. Levenson has found tliat the Centralite in such mixtures 
can be determined directly by a bromination method, as follows: 

Extract 5 grams of the finely ground powder with absolute ether for about 
24 liours, and evaporate the ether extract to constant weight. Transfer the 
liquid residue to a 250-ml. glass-stoppered Erlenmeyer flask with oO ml ot 
etliyl alcohol, add 25 ml. of standard bromate-bromide solution, cool to 20 
and add o ml. of concentrated HCl. Stopper the flask, shake gently, aiid 
e.^actly 30 seconds from the time of addition of the acid add 10 ml ot a 1^5/,, 
solution of KI. Imiiiediately titrate the liberated iodine ^ 

solution using starch indicator. 1 ml. 0.1 N equals 0 006/044 gram 

dicthykliphcnylurea. The nitroglycerin is ” 

prepare the bromate-bromide solution dissolve 5.568 g. KBrOs and 30 g. KBr 
in water and dilute to 1 liter. Standardize by placing 25 ml. of the solu loii 
auil .50 ml. of ethyl alcohol in a 250-nl. glass-.stoppered F.r leiimeyer 9ask eoolmg 
to 20“, adding 5 ml. of concentrated HC'l, and after 30 seconds Wrat ng as 
above with 0 1 N thiosulfate solution. The volume o thiosulfate solu to 
required in the standardization minus that required for the sample represents 
the Br combined with the Centralite. 


. '-Determination of Centralite in double-base smokeless powders, II. I-evenson, 
Ind. Eng. Chem., j^al. Ed., 2, 246-247 (1930). 
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Typical Compositions of Commonly Used Explosives 
Black Blasting Powder 


Sodium nitrate 73 

Charcoal 16 

Sulfur 11 (Bur. of Mines, Bull. No. 80, p. 19) 

Black Military Powder 

Potassium nitrate 75 

Charcoal 15 

Sulfur 10 


Typical Dynamite formulas — 10% grades (Bur. Mines, Bull. No. 80, p. 21) 


1 

Nitro- 1 
gjycerinj 

Nitro- 1 
Sub^tU 

tution 

Com. 

Ammo-1 

nium 

Nitrate 

Sodium 

Nitrate 

Nitro- 

ceUu- 

loRC 

Wood 

Pulp 

Cal- 

cium 

Cur- 

boimte 

409b straight Nitroglycerin Dynamite. 
“469c"Strength” Ammonia Dynamite 
“409c-strength'^ Gelatin Dynamite. . . 

40 

— 

— 

44 

— 

15 

1 

22 

— 

20 

42 

— 

15* 

1 

33 

— 

— 

52 

1 

13* 

1 

*'40%-6tren^h’' Ix>w-free 2 ing Dyna- 
mite 

30 

10 

_ 

44 

_ 

15 

1 

“409c-strength” Low-freezing Am- 
monia Dynamite 

17 

4 

20 

45 


13* 

1 


* Sometimes contains also flour, com meal, sulfur, etc. 


Granulated Xilroglycerin Pomder p^Judson Powder”) 

Nitroglycerin 5 10 

Combustible material t 35 26 

Sodium nitrate 60 64 

t Composed of sulfur, coal, and rosin. 


Coal Mining Powdehs, (Permis.sible Type) 



I 

i n 

i ni 

IV 

V 

VI 

Nitroglycerin 

25 

15 

: 10 


— 

10 

TNT 

— 

.5 

1 — 

5 

— 

— 

Ammonium nitrate 

j — 

— 

79 

90 

94 

70 

Sodium nitrate 

34 

35 

— 

— 

— 

-- 

Sodium chloride 

— 

— 

1 — 

— 

— 

9 

Wood pulp 

15 

12 

i 10 

— 

— 

10 

Flour 

25 

17 

— 

.5 

— 


Aluminum powder 

— 

— 1 

— 1 

— 

3 I 

— 

Charcoal 

— 

— 

— 

— 

3 


(Calcium carbonate 

1 

1 ' 

— ' 

— 

— . 

1 

Zinc oxide 

— 

— 

1 

— 

-- 

- ■ 

Magnesium sulfate, cryst 

! 

15 

— 

_ 1 

— 





FIXED OILS, FATS AND WAXES 

PETROLEUM 

It will be remembered that the Jixed oils are those which leave a permanent 
stain on paper, whereas the essential or volatile oils evaporate. The fixed oils, 
if saponifiable, are glycerides of the higher fatty acids, oleic, CnHaaCOOHi 
stearic, C17H35COOH, palmitic, CisHs^COOH; and if unsaponifiable, hydro- 
carbons usually of the paraffin and olefin (C^Ksn) scries. The fats 

differ from the oils in having a higher melting-point, caused by a larger percent- 
age of stearic and palmitic acid. The waxes differ from the oils or fats in that 
the former are esters of monatomic alcohols. The oils are further divided 
according to their drying power on exposure to the air, into drying, semi-drying 
and non-drying oils. 

^ The drying oils contain a large proportion of glycerides of the unsaturated 
acids, particularly linoleic and linoicnic, whereas the semi-drying contain a 
smaller percentage, and the non-drying little or none of these esters. 

Examination of an Unknown Oil 

There being no specific tests for the various oils, as for their identification, 
the analyst should, in attacking an unknown oil, ascertain all possible facts 
about it, as the source, the use to which it is put, and the cost. 

Certain physical properties too, may aid in the examination. The color 
is of little assistance, as oils may be colored by the use of oleates or butyrates of 
iron or copper. Fluorescence or “ bloom ” is valuable as indicating the presence 
of mineral oil ; this can be shown ^ by placing a few drops of the oil on a sheet 
of ebonite and observing the bluish color. The odor and taste are particularly 
valuable. Marine animal oils are detected, especially when warm, by their 
strong “ fishy ” odor, while neatsfoot, tallow, lard, rosin and linseed oils each 
have a well-marked and easily distinguishable smell. Whale oil is said to have 
a “ nutty," and rape oil has a harsh, unpleasant “ turnipy " taste. The tur- 
bidity ^ showing the presence of water, or of oils which imperfectly mix — as castor 
and mineral oils — and the sediment, either stearin or dirt, arc also to be noted; 
these should be filtered out through paper before the oil is analyzed. 

The elaidin test (page 1765) may be applied next, to allow time for the cake 
to form; it will be followed by the Maiimen6 test (page 1766) both being done in 
duplicate, In making the elaidin test it is advisable to carry on an experiment 
under the same conditions with a known sample of lard oil. These two tests 
will show whether the sample under examination is a drying or non-drying oil 
and when the ingredients of the mixture are determined, the results of the 
Maumen6 test can be used for calculating their relative amounts. The iodine 
fest can be employed to check this result. 

^ Outerbridge, Chem. Abstr, 5, 3350, uses an enclosed arc light giving ultraviolet 
ught and makes it quantitative. 

Chapter contributed by the late Augustus H. Gill. 
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The saponification test, unless mineral or rosin oil be suspected, need rarely 
be resorted to ; the reason being that it would show practically nothing regarding 
the nature of the oil. Except in the case of castor (Sapn. No. 181), rape (174), 
sperm (135) and cocoanut (260), this characteristic is about 193, 

Finally, where the importance of the case will warrant, the analyst is advised 
to prepare a mixture of oils using the proper proportions indicated by the various 
tests, and subject it to the more rapid tests as the specific gravity, viscosity, 
Maumen4 and iodine number. In making out the report of analysis it should 
be borne in mind that, excepting in the case of the special test, the results of 
one, test cannot be relied upon to determine the nature of an oil, but the evidence 
of all the tests here given should be carefully compared and weighed before 
rendering a final verdict : in consideration of the fact of the wide variation of the 
characteristics of the oils, it is futile to report the quantities of oil found in a 
mixture more closely than 1%. 


PETROLEUM PRODUCTS 
(a) Burning Oils 

The tests or determinations to be made are, in the order of their importance, 
flash, fire, specific gravity, distillation, sulfur, free acid, sulfuric acid, clou(l 
test, mineral salts and water. In some cases the color is determined as it is of 
commercial importance. 

Flash Test or Point, — By flash point we understand the lowest temperature 
to w'hich an oil must be heated, to give off vapors which when mixed with air 
produce an explosive mixture. The results of this test will vary according to the 
quantity of air over the surface of the oil, and whether this be moving or still; 
also according to the distance of the testing flame from the surface of the oil. 
Furthermore, the size of this testing flame, the length of its time of action, its 
form and dimensions, and lastly, the manner of heating tlie oil, will all influence 
the result.2 

Any cause producing the rapid evolution of a large amount of petroleum 
vapor tends to lower the flash point. Barometric changes are, for practical 
work, negligible, each 5 mm. causing a variation of but 0.1° 0. 

Determination by the " New York State Board of Health Tester ** — The 
apparatus, Fig. 238, consists of a copper oil cup, D, holding about 10 oz., the 
quantity usually contained in lamps, heated in a water bath by a small Bunsen 
flame. The cup is provided with a glass cover, C, carrying a thermometer, B, 
and a hole for the insertion of the testing flame — a small gas flame one-quarter 
of an inch in length. 

* Engler and Haase, Z. Anal. Chem., 20, 3, 1881. 
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Manipulation . — After describing the apparatus minutely, the regulations of 
the New York State Board of Health say,® '' (2) The test shall be applied ac- 
cording to the following directions; 

“ Remove the oil cup and fill the water bath with cold water up to the mark 
on the inside. Replace the oil cup and pour 
in enough oil to fill it to within one-eighth of 
an inch of the flange joining the cup and 
the vapor-chamber above. Care must be 
taken that the oil does not flow over the 
flange. Remove all air-bubbles with a piece 
of dry paper. Place the glass cover on the 
oil cup, and so adjust the thermometer that 
its bulb shall be just covered by the oil. 

If an alcohol lamp be employed for 
heating the water bath, the wick should be 
carefully trimmed and adjusted to a small 
flame. A small Bunsen burner may be used 
in place of the lamp. The rate of heating 
should be about two degrees per minute, 
and in no case e.xceed three degrees. 

“ As a flash torch, a small gas jet one- 
quarter of an inch in length should be em- 
ployed. Wlien gas is not at hand employ 
a piece of waxed linen twine. The flame in this case, ho%vever, should be small. 

“ When the temperature of the oil has reached 85° F. the testings should 
commence. To this end insert the torch into the opening in the cover, passing 
it in at such an angle as to w’ell clear the cover, and to a distance about half-w^ay 
between the oil and the cover. The motion should be steady and uniform, rapid 
and without any pause. This should be repeated at every two degrees' rise 
of the thermometer until the temperature has reached 95°, w’hen the lamp 
sliould be removed and the testings should be made for each degree of tempera- 
ture until 100° is reached. After this the lamp may be replaced if necessary 
and the testings continued for each two degrees. 

“ The appearance of a slight bluish flame wdiich passes over the entire sur- 
face sliows that the flashing-i)oint has been reached. 

" In every case note the temperature of the oil before introducing the torch. 
The flame of the torch must not come in contact w'ith the oil. 

'' The water hath should be filled with cold water for each separate test, and 
the oil from a previous test cariTully wiped from the oil cup.” 

For the determination with the open tester (Tagliabue's small) reference 
may be had to tlie author's “ Short Handbook of Oil Analysis ; for the test with 
the closed tester, Abel’s or Pensky- Martens, Holde-Mueller, '' Examination 
of Hydrocarbon Oils or for the “ Tag Tester." 

Fire Test.— The fire test of an oil is the low’est temperature at which it will 
give off vapors which when ignited will burn coniinuously. It is made by con- 
tinuing to heat the oil (the cover being removed in the case of a closed tester 
^nthout slipping out the tlierniometer) at the same rate after the flash test 

® Report of the New York Sfiitc Board of Health, ISS2, p. 495. 



Fia. 238.— N. Y, Tester. 
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is made and noting the point as indicated above. The flame is extinguished 
by a piece of asbestos board and the heating discontinued. In the case of 
many illuminating oils this point is from 10° to 20° F. higher than the flashpoint. 

In the case of “ Mineral Sperm ” (300° F. fire test oil) these tests should 
be made with the Cleveland open cup. The heating should be at the rate of 
10° F. per minute, and the testing flame first applied at 230° F. and then every 
seven degrees until the flashing-point is reached. 

The most satisfactory way of making these tests is to place the watch upon 
the desk and read the thermometer at the expiration of every minute, noting 
down each reading in the proper column in the laboratory note-book. 

Significance of the Tests. — The flash test rather than the fire test measures 
the safety of an oil as the vapors producing the flash are evaporated in the fire 
test. The writer has had samples of oil of 65° to 70° F. flash which gave a fire 
test of 135°- 140° F. These, judged by the flash test are unsafe, whereas they 
would be passed by the fire test. 

Specific Gravity: (a) By the Hydrometer . — A hydrometer jar is four-fifths 
filled with the oil, a verified Baum6 hydrometer introduced into it, and the 
depth read off to which the instrument sinks into the oil. This may be effected 
by placing a strip of white paper back of the jar and noting the point at which 
the lower meniscus of the oil touches the scale. The temperature of the oil 
is taken at the same time, and in case it be not 60° F. (15.5° C.), subtract 1° 
Baum4 from the hydrometer reading, for every 10° F. it is higher than 60°, and 
add 1° Baum^ for every 10° F. it is lower than 60° F. In practice this can be 
done by Tagliabue’s Manual for Inspectors of Petroleum,” which gives the 

readings at 60° F. for any gravity 
from 10 to 100° Baum<^, between 20° 
and 109° F. The specific gravity may 

be found by the formula , 

X o 1 *0 x3c 

B6 representing the reading Baum^ at 
15.5° C. 

(5) By the Westphal Balance . — 
This is a specially comstructed instru- 
ment, Fig. 239, with a glass plummet 
carrying a thermometer counterbal- 
anced by a weight. Upon immersing 
the plummet in a liquid the positions 
of the weights, which must be added 
to restore the equilibrium, represent 
the specific gravity directly. The 
largest weight represents the first 
decimal place, the next the second, 
and so on. The instrument is placed 
Fio. 239. — Wesphal Balance. Upon a level table, and by means of 

the leveling screw is brought into ad- 
justment — ^i.e., so that the point upon the beam is exactly opposite the point 
upon the fixed part. 

The plummet is now placed in the vial or balance jar containing the oil, 
cooled to 15.5° C., hung upon the balance, being careful completely to immerse 
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curved downward for a length of 3 in. (7.62 cm.) and slightly backward so as to 
insure contact with the wall of the graduate at a point 1 to in. (2.54 to 3.18 
cm.) below the top of the graduate when it is in position to receive the distillate. 

Shield . — The shield (Fig. 241) is made of approximately No. 22 gage sheet 
metal and is 19 in. (48.26 cm.) high, 11 in. (27.94 cm.) long and 8 in. (20,32 cm.) 
wide, with a door on one narrow side, wdth two openings, 1 in. (2.54 cm.) in 

diameter, equally spaced, in each of the 
two narrow sides, and with a slot cut 
in one side for the vapor tube. The 
centers of these four openings arc 834 
in. (21.59 cm.) below the top of the 
shield. There are also three J^-in. 
(1.27 cm.) holes in each of the four 
sides with their centers 1 in. (2.54 cm.) 
above the ba.se of the shield. 

Ring Support and Hard Asbestos 
Boards . — The ring support is of the 
ordinary laboratory type, 4 in. (10.16 
cm.) or larger in diameter, and is sup- 
ported on a stand inside the shield. 
There are two hard asbestos boards: 
One 6 by 6 by 34 (lo.24 by 15.24 

cm. by 6.35 mm.) with a hole 13^^ in. 
(3.18 cm.) ’ in diameter in its center, 
the sides of which shall be perpendic- 
ular to the surface; the other, an as- 
bestos board to fit tightly inside the 
shield, with an opening 4 in. (10.16 
cm.) in diameter concentric with the 
ring support. These are arranged as 
follows: The second a.sbestos board is 
placed on the ring and the first or 
smaller asbestos board on top so that it 
may be moved in accordance with the directions for placing the distilling flask. 
Direct heat is applied to the flask only through the 134-in. (3.18 cm.) opening 
in the first asbestos board. 

Gas Burner or Electric Heater. — (a) Gas Burner. — The burner is so 
constructed that sufficient heat can be obtained to distill the product at the 
uniform rate specified below. The flame should never be so large that it 
spreads over a circle of diameter greater than 334 i*^- (8.89 cm.) on the under 
surface of the asbestos board. A sensitive regulating valve is a necessary 
adjunct, as it gives complete control of heating. 

(6) Electric Heater. — The electric heater, which may be u.scd in place of the 
gas flame, shall be capable of bringing over the first drop within the time speci- 
fied below when started cold, and of continuing the distillation at the uniform 
rate. The electric heater shall be fitted with an asbestos board top 34 to 34 

’ When distilling petroleum products having an end point above 470® F. (243.34® C.), 
the hole in the asbestos board shall be in. (3.81 cm.) in diameter. 



Fig. 240. — Dimensions of 100-ml. 
Fmgler Flask, 
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(3.18 to 6.35 mm.) thick, having a hole in. (3.18 cm.) in diameter in the 
center. When an electric heater is employed, the portion of the shield above 
the asbestos board shall be the same as with the gas burner but the part below 
the board may be omitted. 



Thermometers. — (a) The A. S. T. M. Low-Distillation Thermometer shall 
conform to the following requirements. These specifications cover a total- 
immersion thermometer graduated in either Centigrade or Fahrenheit degrees, 
as specified, tlic ranges being 0 to 300° C, or 30 to 580° F. respectively. 


Type: Ktchod stem, glass. 

Liquid; Mercurv. 

Range and Sun division; 0 to 300° C. in 1° C. or 30 to 580° F. in 2° F. 

Total Length: 378 to 381 mm. (14.88 to 15.12 in,). 

Stem; Plain front, enamel back, suitable thermometer tubing. 

Diameter, 6.0 to 7.0 mm. (0.24 to 0.28 in.). 

Bulb: Corning normal or equally suitable tliermometric glass. 

Ijongth, 10 to 15 inm. (0,39 to 0.59 in.). 

Diameter, 5.0 to 6.0 mm. (0.20 to 0.24 in.). 

Dlstange to 0° C. OK 32° F. Line fhom Bottom of Bulb; 100 to 110 mm. 

Distance to 300° C. on 572° F. Line from Top of Thebmometeb; 30 to 
(1.18 to 1.77 in.). 

IiLLiNG ABOVE Mekcitry: Nitfogcn gas. 

Top Finish; Glass ring. 


(3.94 to 
45 mm. 
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Graduation: AU lines, figures, and letters clear cut and distinct. The first and each 
succeeding 5® C- or 10° F. line to be longer than the remaining lines. Graduations 
to be numbered at each multiple of 10° C. or 20° F. 

Immersion: Total. 

Special Marking; “A. S. T. M. Low Distillation/’ a serial number and the manu- 
facturer’s narae or trade mark shall be etched on the stem. 

Scale Error: The error at any point of the scale when the thermometer is stand- 
ardized as provided below shall not exceed 0.5° C. or 1° F. 

Standardization; The thermometer shall be standardized immersed in the testing 
bath to the top of the mercury column, at the ice point and at temperature inter- 
vals of approximately 50° C. or 100° F. up to 300° C. or 572° F. 

Test for Permanency of Range; After being subjected to a temperature of 280 
to 290° C. or 540 to 560° F. for 24 hours, the accuracy shall be within the limit 
specified. The test fehall be made under the immersion conditions specified for 
this thermometer. 

Case: The thermometer shall be supplied in a suitable case on which shall appear 
the marking: ‘‘A. S. T. M. Low' Distillation, 0 to 300° C.” or S. T. M. Low 
Distillation, 30 to 580° F.” according to the type of thermometer. 

XoTE 1, — For the purpose of interpreting these specifications the following defi- 
nitions apply: 

The total length is the over-all length of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the beginning 
of the enamel backing. 

The top of the thermometer is the top of the finished instrument. 

(b) The A. S. T. M. High-Distillation Thermometer shall conform to the 
following requirements. These specifications cover a total-immersion ther- 
momet-er graduated either in Centigrade or Fahrenheit degrees, as specified, 
the ranges being 0 to 400° C. or 30 to 760° F., respectively. 

Type : Etched .stem, glass. 

Liquid: Mercury, 

R.\nge and Subdivi.sion: 0 to 400° C. in 1° C. or 30 to 760° F. in 2° F. 

Tot.\l Length; 378 to 384 mm. (14.88 to 15.12 in.). 

Stem; Plain front, enamel back, suitable thermometer tubing. Diameter, 6.0 to 7.0 
mm. (0.24 to 0.28 in.). 

Bclb: Coming normal or equally suitable thcrmometric glass. 

Length, 10 to 15 mm. (0.-39 to 0.59 in.). 

Diameter, .5.0 to 6.0 mm. (0.20 to 0.24 in.). 

Distance to 0° C. ok 32° F. Line from Bottom of Bulb: 25 to 35 mm. (0.98 to 1.38 
in.). 

Distance to 400° C. or 752° F. Line from Top of Thermometer: 30 to 45 mm. 
(1.18 to 1.77 in.). 

Filling abovt; Mercury: Xitre^en gas. 

Top Finish: Glass ring. 

Graduation: All lines, figures and letters clear cut and distinct. The first and each 
succeeding 5° C. or 10° F. line to be longer than the remaining lines. Graduation.s 
to be numbered at each multiple of 10° C. or 20° F. 

Tmmer.sion: Total. 

Special Marking: “A. S. T. M. High Distillation” a serial number and the manu- 
facturer’s name nr trade mark shall be etched on the stem. 

Scale Error; The error at any point of the scale up to 370° C. or 700° F. when the 
thermometer is standardized as provided below shall not exceed 1° C. or 2° F. 
Standardization: The thermometer shall be standardized immersed in the testing 
bath to the top of the mercury column, at the ice point and at temperature inter- 
vals of approximately 50° C- pr 11)0° F. up to 370** Q, pr 700“ F, 
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Test fob Permanekcv of Range; After being subjected to a temperature between 
360 and 370^* C. or 680 and 700^ F. for 24 hours, the accuracy shall be within 
the limit specified. The test sliall be made under the immersion conditions speci- 
fied for this thermometer. 

Case; The thermometer shall be supplied in a suitable case on which shali app^r 
the marking: "A. S, T. M. High Distillation, 0 to 400“^ C.” or "A. S. T, M. High 
Distillation, 30 to 760" F." according to the type of thermometer. 

Note 1. — For the purpose of interpreting these specifications the following defi- 

nitions^ap^p^y ^ over-all len^h of the finished instrument. 

The diameter is that measured with a ring gage. , , . . 

The length of the bulb is the distance from the bottom of the bulb to the beginnmg 
of the enamel backing. 

The top of the thermometer is the top of the finished instrument. 

Note 2. — Under certain test conditions, the bulb of the thermometer may be 
* 10 ® F (28° C ) above the temperature indicated by the thermometer, and at an indi- 
cated* temperature of 700° F. (371° C.) the temperature of the bulb is approaching a 
critical range in the glass. It is therefore not desiiable to use this thermometer under 
such conditions at indicated temperatures above 700° F. (371° C.) without checking the 
ice point. 

Grarfuafe.— The graduate shall be of the cylindrical type, of uniform 
diameter with a pressed or molded base and a lipped top. The cylinder shall 
be graduated to contain 100 ml., and the graduated portion shall be not less 
than 7 in. (17.78 cm.) nor more than 8 in. (20.32 cm.) long. It shall be gradu- 
ated in single milliliters and each fifth mark shall be distinguished by a longer 
line. It shall be numbered from the bottom up at intervals of 10 ml. The 
overall height of the graduate shall be not less than 9K In* (24.8 cm,), nor niore 
than 1034 in. (2G.0 cm.). The graduations shall not be in error by more than 

1 ml at any point on the scale. i , > j • s ^ 

Procedure.'-(a) The condenser bath shall he filled with cracked ice,« and 
enough water added to cover the condenser tube. The temperature shall be 
maintained between 32 and 40 I. {0 and 4.45 C.). 

(b) The condenser tube shall be swabbed to remove any liquid remaining 
from the previous test. A piece of soft cloth attached to a cord or copper wire 

may be used for this purpose. , 

(c) One hundred milliliters of the product shall be measured in the 100-ml 

graduated cylinder at 55 to 05° F. (12.8 to 18.3° C.) 

to the Englcr daek. None of the liquid shall be permitted to flow into the 

'’'"TdVuie thermometer (Note) provided with a cork shafl 
into the flask so that it will be in the middle of the 

end of the capillary tube is on a level with * ® ® The Hiermometer shall 

outlet tube at its junction wdth the neck of the flask. The thermometer snail 

be approximately at room temperature when placed m the flask. 

NOTE.-For products having end Low-KstillatfoT Ttemoroetel 

boiling points not higher than 21- than 482° F (250° C.) and initial 

Sng'p'S 2 “? F. aoJ’- a) theSligh-DustiUation Thermometer shall 

be used. 


* Any other convenient cooling medium may be used, 
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(e) The charged flask shall be placed in the l^dn. (3.18-cm.) opening in the 
6 by 6-in. (15.24 by 15.24-em.) asbestos board with the vapor outlet tube in- 
serted into the condenser tube. A tight connection may be made by means of 
a cork through which the vapor tube passes. The j>osition of the flask shall be 
so adjusted that the vapor tube extends into the condenser tube not less than 1 in. 
(2.54 cm.) nor more than 2 in. (5.08 cm.). 

(/) The graduated cylinder used in measuring the charge shall be placed, 
without drying, at the outlet of the condenser tube in such a position that the 
condenser tube shall extend into the graduate at least 1 in. (2.54 era.) but not 
below the 100-ml. mark. Unless the temperature is between 55° and 65° F. 
(12.8° and 18.3° C.) the receiving graduate shall be immereed up to the lOO-ml, 
mark in a transparent bath maintained between these temperatures. The top 
of the graduate shall be covered closely during the distillation with a piece of 
blotting paper or its equivalent, cut so as to fit the condenser tube tightly. 

When everything is in readiness, heat shall be applied at a uniform rate, 
so regulated that the first drop of condensate falls from the condenser in not less 
than 5 nor more than 10 minutes. The distillation thermometer shall be read 
2 minutes after heat is applied and the indication recorded as the “ correction 
temperature.” This figure is of significance onl}' in cases when there is a ques- 
tion as to the accuracy ^ of the initial boiling point, as subsequently determined. 
When the first drop falls from the end of the condenser the reading of the dis- 
tillation thermometer shall be recorded as the initial boiling point. The receiv- 
ing cylinder shall then be moved so that the end of the condenser tube shall 
touch the side of the cylinder. The heat shall then be so regulated that the 
distillation will proceed at a uniform rate of not less than 4 nor more than 5 ml. 
per minute. The volume of distillate collected in the cylinder shall be observed 
and recorded, to the nearest 0.5 ml., when the mercury of the thermometer 
reaches each point that is a multiple of 10° C. or the Fahrenheit equivalent of 
this point (30° C., 40° C., 50° C., 60° C., etc., or 86° F., 104° F., 122° F., 

® The initial boiling point is one of the observations winch it is customary to report 
as indicative of the qvmlity of gasoline. It is a point which is very dilficult to check, 
especially when duplicate tests are made at difTerent room temperatures, and it has not 
been found practical to devise an accurate method of correcting for this unavoidable 
variation in operating conditions. The practical significance of initial boiling point is 
not regarded as sufficient to warrant requiring that tests be conducted under regulatotl 
conditions of room temperature. The following directions are included as an expedient 
intended to obviate some of the difficultie.s that <ievelop on account of the practice <>f 
including initial boiling point limits in specifications for the purcha.se and sale of gasoline: 

If the “correction temperature” is below 70° F. ('21° C.) or above S()° F. (27°('.), 
the observed initial boiling point, if it is below 150° F. (66° C.), may be considered 
incorrect by an amount not loss than one third the difference between the “corrtretien 
temperature” and 75^ F. (24^ C,’.). In case there is a dispute between buyer and seller, 
the obs<;rved initial boiling point figures obtained by all parties shall be revised accord- 
ing to the following formula: 

Revised initial boiling pcjint 

_ J observed initial 1 _ Correction Temperature (deg. Fahr.)-7j 
\ boiling point j 5 

If all of the revised figures fall within the specification limit the gasoline in qtiestion 
shall be considered as passing; otherwise arrangements shall, if possible, be made to 
conduct a distillation test with the room temperature maintained wtween the limits <4 
70 and 80° F. (21 and 27° C.), inclusive. 
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140° F., etc.). If preferred, the reading of the distillation thermometer may 
be observed and recorded when the level of the distillate reaches each 10-ml. 
mark on the graduate. In case a product is being tested to ascertain whether 
or not it conforms with a given specification, all necessary observations shall 
be made and recorded, whether or not they arc included in the series ordinarily 
employed by the laboratory making the test. 

No adjustment of the heat shall be made after the liquid residue in the flask 
is approximately 5 ml, unless the time required to bring over the last 5 ml. of 
distillate and reach the end point exceeds 5 minutes. The end point is the 
maximum temperature observed on the distillation thermometer and is usually 
reached after the bottom of the flask has become dry. If the bottom of the 
flask is not dry the operator shall record this fact. 

In case the time required to bring over the last 5 ml. of distillate and reach 
the end point exceeds 5 minutes the test shall be repeated and the heat shall 
be adjusted when the liquid residue reaches 6 ml. This adjustment may be 
cither an increase or a decrease but must accomplish the purpose of bringing 
the period required to vaporize the last 5 ml. of distillate and reach the end point 
within the limits of 3 and 5 minutes. 

The total volume of the distillate collected in the receiving graduate shall 
be recorded as the recovery. 

The cooled residue shall be poured from the flask into a small cylinder 
graduated in 0.1 ml., measured when cool and the volume recorded as residue; 

The difference between 100 ml. and the sum of the recovery and the residue 
shall be calculated and recorded as distillation loss. 

Accuracy. — With proper care and attention to detail, duplicate results 
obtained for initial boiling point and end point, respectively, should not differ 
from each other by more than 6° F. (3.3° C.). Duplicate readings of the volume 
of distillate collected in the cylinder when each of the prescribed temperature 
points is reached should not differ from each other by more than 2 ml. In case 
observations are made on tlie basis of prescribed percentage points, the dif- 
ferences in temperature readings should not exceed the amounts equivalent to 
2 ml. of distillate at each point in question. ^ 

Correction for Barometric Pressure.— The actual barometric pressure shall 
be ascertained and recorded, but no correction shall be made except in case of 
dispute. In such cases the temperature points shall be corrected to 760 mm. 
(29.92 in.), by the use of the Sydney Young equation, as follows: 

For Centigrade readings : 

r,-0.00012(700-F)(273+« 


For Fahrenheit readings : 

C/=0.00013(760-P)(460+i/) 

in which (7e and C; are, rcfpcctivcly, corrections to be added to the observed 
temperature U or !/, and P is the actual barometric pressure in millimeters of 

mercury. . . , ,■ 

The following table is a convenient approximation of the corrections as 

calculated by the above equation. 
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Temperature Range 

Correction per 10-mm. 

Difference in Pressure 

Deg. Cent. 

Deg. Fahr. 

Deg. Cent. 

Deg. Fahr. 

10- 30 

50- 86 

0.35 • 

0.63 

30- 50 

86-122 

0.38 

0.68 

50- 70 

122-158 

0.40 

0.72 

70- 90 

158-194 

0.42 

0.76 

90-110 

194-230 

0.45 

0.81 

110-130 

230-266 

0.47 

0.85 

130-150 

266-302 

0.50 

0.89 

150-170 

302-338 

0.52 

0.94 

170-190 

338-374 

0.54 

0.98 

190-210 

374-410 

0.67 

1.02 

210-230 

410-446 

0.59 

1.06 

230-250 

446-482 

0.62 

1.11 

250-270 

482-518 

0.64 

1.15 

270-290 

518-554 

0.66 

1.19 

290-310 

554-590 

0.69 

1.24 

310-330 i 

590-626 

0.71 

1.28 

330-3.50 

626-662 

0.74 

1.32 

350-370 

662-698 

0.76 

1.37 

370-390 

698-734 

0.78 

1.41 

390-410 

734-770 

0.81 

1.45 


Significance of the Test. — The lighter portions, for example, those between 
150° and 200°, burn much better than those between 250° and 290°; the heavy 
portions of American petroleum burn much better than those of the Russian oils. 

The end point shall not be higher than 625° F. For lighthouse kerosene 
(the highest grade) the U. S. requirements are as follows : first drop not lower 
than 160° C.; 10% over below 175°, 90% over below 270°, end-point not higher 
than 280° and 97% recovered as distillate in the receiver. 

The averages from four samples of Caucasian and ten samples of American 
oils subjected to this test were as follows, in per cent by volume: * 


1 

Below 150® C. 

1.50-200® C. 

Above 290® C. 

Caucasian petroleum 

8.0 

86.6 

5.4 

American petroleum 

16.9 

57.1 

26.0 


The portion boiling below 150° C, is by some regarded as the gasoline or 
naphtha portion of the kerosene. 

Determination of Sulfur. — The deleterious effect of the oxides of sulfur 
upon hangings and bindings — as well as upon the human system — is well 
known, sulfuric acid being their ultimate product. The sulfur exists in com- 
bination, partly as compounds formed from the sulfuric acid used in refining 
and partly avS alkyl sulfides. Its qualitative detection may be effected by heat- 
ing the oil to its boiling-point with a bright piece of sodium or potassium. If 

be added in case barometric pressure is below 760 mm.; to be subtracted in 
case barometric pressure is above 760 mm. 
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sulfur compounds be present, a yellowish layer is formed upon the metal. After 
cooling add distilled water drop by drop until the metal is dissolved, and test 
for sulfides with sodium nitroprusside. 


TENTATIVE METHOD OF TEST FOR SULFUR IN PETROLEUM 
OILS BY LAMP METHOD” 

A. S. T, M. Designation: D 9()-34 T 


This method shall be used for the determination of sulfur in kerosene, 
petroleum naphtha, and other petroleum oils which can be burned completely 
in a wick lamp. This method may be applied to motor fuels which are mixtures 
of gasoline and volatile non-petroleum oils. 

Note. — When this method is applied to mixtures containing carbon bisulfide 
approximately S.'i per cent of the sulfur present as carbon bisulfide is usually determined. 


Apparatus. — The apparatus shall consist of the following: (c) Absorber , — 
An absorber of chcmically-resistant glass conforming to the dimensions shown 
in Fig. 242. The larger of the tw^o bulbs of the absorber shall be filled at least 
two-thirds full with pieces of chemically-resistant glass rod from 8 to 10 mm. in 
length and from 5 to 6 mm. in diameter, or with perforated beads of chemically 
resistant glass 5 to 8 mm. in diameter. 

(h) Chimney . — A chimney of chcmically-resistant glass conforming to 
the dimensions shown in Fig. 242, and connected with the absorber by a cork 
stopper. 

(c) Spray Trap . — A spray trap of chemically-resistant glass conforming to 
the dimensions shown in Fig. 242, and connected with the absorber by a cork 
or by a rubber stopper. 

(d) Lamp . — A small lamp of about 25-ml. capacity. The lamp may con- 
veniently consist of a 25 to 35-ml. Erlenmeyer flask, preferably of the shape 
shown in Fig. 242, and a cork carrying a piece of glass tubing 40 mm. in length, 
from 6 to 7 mm. in outside diameter, and 3 mm. in inside diameter, with ends 
ground or fused level. The wick tube should project above the cork at least 
10 mm., and the cork shall have a vertical groove in its side so that air may enter 
the flask to replace the oil as it is consumed. 

(?) Cotton Wicking.— Two strands of clean, unused cotton wicking, 10 to 12 
cm. in length and weighing about 5 to 6 mg. per cm. per strand. 

if) Filter Pump.—A^ filter pump or other means for continuous suction. 


Solutions Required; (a) Hydrochloric Acid . — Prepare a solution of HCI in 
distilled water which will contain 2.275 g. of HCI per liter and check carefully 
for accuracy. 


” Under the standardization procedure of the Society, this method is under the 
jurisdiction of the A S T M. Committee D-3 on Petroleum Products and Lubricants, 
^produced through the courtesy of the American Society for Testing Materials, 
260 S. Broad St^ Philadelphia, Pa. ^ i • v.- f 

^ '' This ia a Tentative Standard and under the Regulations of the Society is subject 

to annual revision. Suweestions for revision should he addressed ^ the JR^dquarm^ 
H the Society, 260 S. Broad St., Philadelphia, Pa. Issued, 1921; Revised, 1924, 1926, 
^929, 1930, 1934 . 
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Fio. 242. — Apparatus for Determining SuJfur in Oils. 

Note. — In the case of those dimeasions for which no specific tolerance arc 
above, the permissible variation i.s =*= 10 per cent to the nearest millimeter, proM » 
however, that in no case the deviation be greater than 5 mm. 
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(b) Sodium Carbonate , — Dissolve 3,306 g. of Na 2 C 03 in one liter of dis- 
tilled water. Ten milliliters of this solution should neutralize exactly 10 ml. 
of the HCl solution. 

(c) Methyl Orange , — Dissolve 0.004 g. of methyl orange in one liter of 
distilled water. 

Procedure. — The sulfur shall be determined as follows: 


(o) Pass two strands of the new cotton wicking through the wick tube so 
that they are not twisted but are parallel in the wick tube. Pour into the clean, 
dry lamp about 15 ml. of the oil to be tested, and insert the cork containing the 
wick tube. After the wick has become saturated with the oil, trim it off as 
nearly as possible to the top of the wick tube with a pair of sharp scissors, finally 
adjusting the wick height by touching the top of it with the tip of a finger. 
Weigh the oil and lamp as.sembly to the nearest 0.001 g. Kun a blank deter- 
mination at the same time and under the same conditions by burning sulfur- 
free alcohol in a similar lamp. Thoroughly rinse out the absorber with distilled 
water, and put into it exactly 10 ml. of the sodium carbonate solution from an 
accurately calibrated pipette, and then dilute the solution with 10 ml. of distilled 
water. Rinse out also the chimney and the spray trap with distilled water, 
dry the chimney, and connect both to the absorber as shown in Fig, 242. 
Prepare the apparatus for the blank determination in the same manner, putting 
into it exactly 10 ml. of the sodium carbonate solution and 10 ml. of distilled 
water. Apply gentle suction to both absorbers ; light both the oil lamp and the 
alcohol lamp and then place them in position under the chimneys so that the 
top of each wick tul>e extends into the chimney not more than 1 or 2 mm. above 
the edge. Use a sulfur-free flame, such as an alcohol lamp for lighting the 
lamps; do not use matches. Adjust the suction so that a steady flame 12 to 
18 mrn. in height and free from smoking is obtained (Note 1). The suction 
shall be adjusted so that air is drawn through both absorbers at approximately 
the same rate. The maintenance of proper flame height usually requires that 
the wick l)e flush with the top of the wick tube for naphthas or motor fuels and 
a little higher for illuminating oils. The room shall be free from draughts. 
Continue burning for from one to one and one-half hours, or less if the sulfur 
content of the oil is high. During this time the oil should be consumed at the 


rate of about 2 to 2.5 g. per hour. ^ , , , , 'nr • u 

ih) Extinguish the flames and stop the suction on both absorbers. Weigh 
tho. oil lamp immediately to the nearest 0.001 g., and determine by difference 
the weight of oil consumed. Working with the blank first, disconnect the spray 
trap and chimney and wash them thoroughly with the methyl orange solution, 
using a wash bottle with a very fine jet and collecting the washings m the ab- 
sorlier. Use appro.xiniately 3.5 ml. of the solution for washing. Carefully 
titrate the faintly-yellow solution with the HCl solution During Htration 
carefully agitate the contents of the absorber either by alternate sucking and 
Wowing through a rubber tube held between the lips, or else by t^e use of a 
suitable rubbetsyringe bulb. As the end point is approached, draw the l^u.d 
hack and forth between the bulbs after each addition of 
, When the first permanent pink color appears, the end point has been reached. 
Read and record the volume of HCl solution used (Note 2). .„_„:„„tion 

{<■) Rinse the chimney and the spray traji used m the 
into the absorber to which they were connected, exactly as has been preset 
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for the blank. If at this point the solution in the absorber should have a pink 
color, too much oil has been burned and the determination shall be repeated, but 
burning for a shorter time. The temporary pink color that sometimes appears 
in the chimney when rinsing it out should be disregarded. Titrate just as in 
the blank, continuing to add the HCI solution until the color matches that 
obtained in the blank. Read and record the volume of HCI solution used. 


Note 1.— If it is not possible to obtain a good flame free from smoking, as some- 
times happens if the oil contains considerable percentages of benzol, dilute the oil with 
an equal weight of sulfur-free anhydrous alcohol before putting the sample into the 
lamp. If, while maintaining the specified flame height the flame still smokes, a smaller 
flame is permissible. In order to get the correct value when calculating the percentage 
of sulfur present in this case, allowance shall be made for the fact that the sample as 
burned in the lamp is one-half alcohol. This shall be done by doubling the percentage 
of sulfur obtained in computation by the formula given below. 

Note 2. — For accurate work, conditions shall be such that a minimum or zero 
blank is obtained. If the titration of the blank requires more than 0.1 ml. of the HCI 
solution per gram of sample burned, which corresponds to 0.01 per cent of sulfur, a 
high degree of accuracy cannot be expected in the case of oils of low sulfur content. 

Calculate the sulfur content of the oil by substituting the proper values in 
the following formula: 

milliliters of HCI for blank — milliliters of HCI for sample 

Percentage of sulfur = r i . ~ j w 

grams of oil burned X 10 


This formula is correct only for the standard solutions specified, pp. 1713, 
1715, 1 ml. of each being equivalent to 0.001 g. of sulfur. The use of solutions 
of any other strength, such as 0.1 N, involves more complicated calculation and 
is not ad\'isable. 

As a check on the determination, a sample of known sulfur content shall 
be analyzed. Such a reference sample may be made by adding a pure volatile 
sulfur compound, such as carbon bisulfide, to sulfur-free anhydrous alcohol. 
This check shall indicate from 85 to 100% of the sulfur present. 

Accuracy. — Duplicate determinations by the same operator should not 
differ by more than the amounts given in the following tabulation : 


Sulfur Found, per cent 


Average Deviation 
from Mean, 
per cent Sulfur 


Under 0.125 0.0025 

0.125 to 0.2.5 0.005 

0.25to0..50 0.01 

Over 0.. 50 0,02 


For different operators corresponding deviations may be double those giv'cn 
above. ♦ 

The barium .sulfate can be precipitated and determined for rapid work by 
the Jackson Turbidimeter, 

The percentage of sulfur in a kerosene should not exceed 0.05; the Penn- 
sylvania oils contain usually 0.02 to 0.03, the Lima 0.04 to 0.05.^’ 

Detection of Acidity. — Shake equal quantities of oil and warm water in a 
test-tube, pour off the oil, and test the water with litmus paper. If the water be 
strongly acid, the quantity may be determined as in “ Free Acid,” page 1782. 
“Kissling, Ch., Rev. Fett und Harz. Ind., 14, 157, 1906. 
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The acid in this case is most probably sulfuric, coming from the refining 
process. 

Sulfuric Acid Test. — The object of this test is to judge of the degree of 
refinement of the oil, a perfectly refined oil giving little or no color when sub- 
mitted to the process. One hundred grams of oil and 40 grams of sulfuric acid, 
1.73 specific gravity, are shaken together for two minutes in a glass-stoppered 
bottle and the color of the acid noticed. For comparative work this color is 
matched by solutions of Bismarck brown.^* 

Mineral Salts. — Salts of calcium or magnesium when dissolved in the oil 
diminish its illuminating power; their action is to form a crust on the wick and 
prevent access of air. 

Redwood states that 0.02 gram of either of these salts in 1000 grams of oil 
diminishes the illuminating power 30 to 40% in eight hours. 

They are determined by distilling 100 to 200 ml. of the oil down to about 20 
ml., evaporating and igniting this residue, and subsequently treating with hydro- 
chloric acid. The calcium and magnesium are then determined in the usual 
way. 

Determination of Water. — By rubbing the oil together with a little eosin on 
a glass plate the oil will take on a pink color if water be present. 

The evaporation method is approximate and applicable only to heavy oils 
and greases. Its accuracy even with heavy greases is questionable. 

Dilute the oil with an equal volume of benzol, whirl it vigorously in a 
centrifuge until the separated layer of water does not appear to increase in 
volume. However, as water is somewhat soluble in any diluent used and also 
in oils, a portion of the water content will fail to appear, consequently the 
method in which a diluent is used cannot be considered accurate. It is advis- 
able first to agitate the diluent vigorously with water and then to separate 
with the centrifuge in order to saturate it with water before using. See also 
Dean's test under Fuel Oil. 

Groschuff states that 100 grams of benzene will dissolve 0.03 gram of 
water at 3° C. and 0.337 gram of water at 77° C., whereas petroleum products 
(density 0.792) will dissolve from 0.0012 gram at 2° C. to 0.097 gram at 94° C. 

While water to the extent even of 3 or i% is apparently without influence 
on the viscosity, 1% extinguishes the flame when making the flash test. 

— Xhis test has lost its importance, since oils are sometimes satis- 
factory despite their yellow color. The determination is usually made with 
the Saybolt colorimeter/* in which the depth of the oil is changed in a cylinder 
until it matches the color of standard plates of uranium glass. 


(b) Lubricating Oils 

The tests to be made are, in the order of their importance viscosity, specific 
gravity, evaporation, cold test, pour point, flash test, fire test, test for Map, 
carbon residue test, friction test. Saponification value, tarry matter insoluble 
in 88° naphtha, color and added impurities are also determined. 

“ J. Soc. Chem. Ind., 15, 678, 1896. 

>• kfanSbl' Bureau of Mines Technical Paper No. 25, 1912. 

” Groachuff, Chem. Abs., 5, 2560, 1911. 

“ Tech. Paper 323B. 
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The office of a lubricant is to prevent the attrition of axle and journal box 
by interposing itself between them in a thin layer, upon which the shaft revolves. 
The ideal lubricant is that which has the greatest adhesion to surfaces and the 
least cohesion among its own particles, or, as the practical man expresses it, 
the most fluid oil that will do the work and stay in place. The determination 
of its viscosity or “ body ” is then of the first importance. 

Viscosity is the degree of fluidity of an oil or its internal friction. It is 
independent of the specific gra\dty of the oil, although this in the pipette 
instruments influences the time of efflux. Within certain limits it may be 
taken as a measure of the value of oil as a lubricant, by comparing the viscosity 
of the oil under examination with that of other oils which have been found 
to yield good results in practice. 

The instruments employed for its determination may be divided into two 
classes — pipette viscosimeters, giving the time of efflux, as those of Engler, 
Saybolt, and others, and torsion viscosimeters, giving the retardation due to 
the oil, those of MacMichael and Doolittle. 

In expressing \iscosity, consequently, it is necessary to give the name of 
the instrument with which it is determined. It is sometimes expressed as 
specific \'iscosity, that is, the time of the oil divided by the time of water; this 
is only comparative when done with instruments of the same name, that is, 
specific viscosity Engler is not the same figure as specific \dscosity Saybolt. 
Besides this manner of expressing \dscosity, it is measured in absolute (C.G.8.) 
units or djmes per era. This unit of ^dscDsity has received the name of Poise 
from Poiseuille, one of the first to express this property in absolute measure. 
This is possible when the diameter of the orifice, its length, the quantity and 
specific gra\ity of the oil, its time of efflux and change of head are known. 

Where it is impracticable to determine 
all these data by direct measurement.'?, 
the readings of a visco.simeter may be 
changed into dynes by determining the 
viscosity in .seconds of standard solu- 
tions of glycerine, the viscosity of these 
being determined in dynes from tables 
of physical constants. Or it may be 
done by use of the tables on pages 1720 
and 1799. 

Engler Apparatus. — Description. 
The apparatus (Fig, 24.'1) consists of a 
flat, brass cylindrical ve.ssel, .4, 100 mm. 
in diameter and al)out 92 mm. d<?ep, 
holding 240 ml., provided with a jet 2.9 
mm. in diameter and 20 mm. hmii,. 
This vessel is gilt inside and the jet, in 
the standard instruments, is of platinum 
Fio. 243.— Engler Vi.se obi meter, — ordinarily it is made of brass ; the 

sel is surrounded with a bath, B, either 
of water or oil, provided with a stirrer and heated by a ring burner. The jet 
closed by the wooden valve, F, passing through the cover, and a thcr mounter, 
c, shows the temperature of the oil; three studs show the height to which -t is 
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filled and at the same time when it is level. The oil ordinarily is discharged 
into the 200-ml. flask, although in case the oil or time be limited, 100 or 60 ml. 
may be used and the time of efflux multiplied by a suitable factor. The instru- 
ment is standardized with water, 200 ml. of which at 20'" C. should run out in 
from 50 to 52 seconds. 

Manipulation. The instrument is thoroughly cleaned with alcohol and 
ether if necessary and dried; any suspended matter is removed from the oil, 
which is poured into it up to the level of the studs, stirred until 20® C. is reached 
and the bath adjusted to the same temperature. The flask is placed beneath 
the orifice, the plug raised and the time required for 200 ml. of oil to flow out is 
noted ; this is divided by the water value of the instrument and gives then rela- 
tive or specific viscosity. If only 50 ml, are allowed to run out the time must 
be multiplied by 5, and if 100 mb, by 2.35. If only 50 ml. were put in and 40 ml. 
allowed to run out, multiply this time by 3,62 to obtain the time for 200 ml. ; 
if 66 ml. and 50 ml. run out, multiply by 2.79.^^ If it be desired to express the 
viscosity in absolute measure (C.G.S. units) it can be done by reference to the 
table on page 1726. It should be noted that specific viscosity obtained with 
a difTerent type of instrument, e.g., the Saybolt, is not the same as with the 
Kngler. 


STANDARD MKTHOD OF TEST FOR VISCOSITY BY MEANS 
OF THE SAYBOLT VISCOSIMETER 


A. S. T. M. Desigxatiox: D 88-36 


Scope. — (a) This method shall be used for determining the Saybolt vis- 
cosity of petroleum ])roducts and lubricants. 

(/>) The Saybolt Universal Viscosimeter shall be used only for oils with times 
of flow of more than 32 sec. There is no maximum limit to viscosity to be 
measured by the Saybolt Universal Viscosimeter but, in general, liquids having 
an outflow time of the order of 1000 sec. and higher, Saybolt Universal, are 
tested more conveniently by means of the Saybolt Furol Viscosimeter. 

(c) The Sayl)oIt Furol Viscosimeter shall be used only for oils with times of 
flow of more than 2.a see. The outflow time of the Furol (Note) instrument is 
approximately one-tenth that of tlie Universal. 

Note. — The word *T^''Qrol'* is a contraction of the phrase fuel and road.oils. 


Apparatus. — The apparatus shall consist of an oil tube, bath, receiver, ther- 
mometers, timer, and withdrawal tube, conforming to the requirements speci- 
fied in the following Paragra])hs (u) to {g) ' 


Cans, ("hem. Revue der Fott iind Harz. Ind., 6, 221, 1899. , , , , 

''Under the standardization procedure of the Society, this method is under the 
iurisdictiem of the A. S. T. M, Committee D-2 on Petroleum Products ^d Lubriwnts, 
Reproduced through the courtesy of the American Society for Testing Materials, 

designation D 88; the final 

the year of original adoption as standard or, in the 

levision. Issued as Tentative, 1921; Adopted in Amended Form, 1926, Revised, 1980, 
1933, 1936. 
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(a) Oi7 Tube . — The oil tube (illustrated in Fig. 244) shall be entirely of corro- 
sion-resistant metal, with or without plating, and shall conform to the dimen- 
sional requirements shown in Table I within the permissible variations pre- 
scribed. The lower end of the oil tube shall be provided with a nut for 
locking it in place in the bath and with a cork or other suitable device to prevent 
flow until the test is started. For convenience a string or its equivalent, may 
be attached to the cork for rapid removal. 

The oil tube shall be standardized, and any correction in excess of 0.2% 
shall be applied. The time of flow shall be within ±1% (Note 1) of the time 
as obtained with the National Bureau of Standards’ master Saybolt oil tube 
(Note 2). 

Note 1.— For routine testing, oil tubes having corrections as high as d:2% may 
be employed, provided, however, that any new oil tubes obtained after the adoption of 
this method shall not have corrections higher than ±1%. For referee testing, oil tubes 
having corrections higher than ±1% shall not be employed. 

The oil may be standardized by any one of the following methods: 

(a) Determination of outflow time for American Petroleum Institute oil standard 
and application of appropriate correction to obtain established value for the 
oil sbindard. 

ih) Calibration by National Bureau of Standards subsequent to January 1, 1935. 

(c) Comparison with a tube certified by the National Bureau of Standards 8\ibse- 
qucnt to January 1, 1935, provided the tube shows no evidence of damage 
or injury since certification. 

Note 2. — This tube, conforming to the A. S. T. M, dimensional specifications, has 
outflow times calibrated against oil standards under the maintenance of the American 
Petroleum Institute Committee on Viscosity Standards. 


TABLE I. — Dimension's of Oil Tubes 


Dimensions 

Saybolt L'niversal Viscfwimeter 

Saybolt Kurol Visewimeter 

Minimum, 

cm. 

Normal, 
cm. ! 

Maximum. 

cm. 

Minimum, 

cm. 

Normal, 

cm. 

Maximum, 

rm. 

Inside diameter of outlet tube 

Outfiide diameter of outlet ttil>e at 

i 0.1750 

0.1765 

0.1780 

0.313 

0.31.J 

9.317 

lower end 

0.28 

0.30 

0,32 

0.40 

0,43 

0.46 

Length of outlet tube “ . 

Height of overflow rim above bot- 

1 1.215 

1.225 

1.23,5 

1.215 

1,225 

1.235 

tom of outlet tube 

Outside diameter of overflow rim. 

12.40 

12.50 

12.60 

12.40 

12,50 

12.60 

at the top 

h 

— 

3. 30 

fc 

— 

3.30 

Diameter of eontainer “ , . 

Depth of cylindrical part of con- 
tainer 

Diameter of container between 
bottom of cylindrical part of 

2.055 

2.075 

2.905 

2.955 

2.975 

2 99.5 

8.8 



8.8 

1 



container and top of outlet tube * 

0.9 



0.9 




« Thifl dimension w identinal in the SayboU Vniverwil and the Saybolt Furol inatnimcnlH. 

* The minimum value shall preferably be not lew than .I 2 cm. 

*The aer;tion of overflow rim ahall be bounded by straight lines, except that a fillet is pcrmissihle at 
the junction with the bottom of the gallery. 

(6) Bath . — The bath shall serve as a support to hold the oil tube in a 
vertical position and as a container for the bath liquid. The bath shall IjR 
equipped with a stirring device and with means for heating or cooling. 
source of heat or refrigeration shall be more than IK in. (3 cm.) from the oil 
tube. If an external heater is used it must be more than 2 in. (6 cm.) from the 
oil tube. 
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The bath temperature necessary to maintain thermal equilibrium (while 
the oil in the oil tube is well stirred by the oil-tube thermometer) shall be within 
zfcO.l® F. (0,06® C.) of the standard temperatures of 70° F. (21.1° C.) or 77° F. 
(25° C.) or shall not exceed 100.25°, 122.35°, 130.5°, 141.0°, 181.5° or 212.0° F. 
(37.9°, 50.2°, 64.7°, 60.6°, 83.1° or 100.0° C.), respectively, for the standard 
temperatures mentioned in Section 3. The level of the bath liquid shall not 
be lower than in. (0.5 cm.) above the overflow rim of the oil tube. For 
referee testing the bath liquid must be one which in the bath used will meet the 
preceding bath-temperature conditions (Note). 

Note. — These temperature requirements can be met with water, aqueous solutions, 
and some baths with oil. In routine testing oil is generally used as the bath medium. 
This is allowable provided the temperature of the oil bath is adjusted so that the neces- 
sary condition of thermal equilibrium is maintained. It may be necessary to maintain 
the oil bath at slightly higher temperatures than those specified in the preceding para- 
graph. Temperature differentials between oil bath and oil tube necessary to maintain 
thermal equilibrium may be double those given above. 
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extend not less than 0.3 cm. above and below the graduation mark. The 
graduation mark shall be 5.8 cm. ±1.0 cm. above the bottom of the flask. 
The maximum outside diameter shall be less than 5.5 cm. 

(d) Oil-Tube ThermometeTS, — The oil-tube thermometers shall conform 
to the following requirements. They shall include two sets of six thermometers 
each, one set being graduated in Fahrenheit degrees and the other in Centigrade 
degrees, the ranges being chosen to include the temperatures commonly used in 
testing. To prevent contact of the thermometer with the orifice in the oil tube 
a suitable support shall be attached to the enlargement of the thermometer 
stem. 

Type: Etched stem, glass. 

Liquid: Mercury. 

Raxgf.s ant> Subdivision's: 

Range 66'’ to 80® F., subdixisions in 0.2® F. for tests at 70® and 77° F. 

“ 94® to lOS® F., “ “ “ “ “ ‘‘100®F. 

‘‘ 120® to 134® F., “ “ “ “ 122® and 130® F. 

“ 134® to 148® F., “ ‘‘ " '' " 140® F. 

“ 174® to 18<S°F., “ “ “ “ “ “ 180®F. 

“ 204° to 218° F., “ “ “ “ “ 210° F. 

or 

Range 19° to 27® C., subdivisions in 0.1® C. for tests at 21,1® and 2.”)® C. 

“ 34° to 42® C., “ .37.8® C. 

“ 49® to oT® C., ” “ “ “ ” “ .50® and 7)4.4® C. 

“ 57® to 65° C., “ “ “ “ “ 60° C\ 

“ 79° to 87° C., “ “ 82.2® C. 

“ 95® to 10.3® C., “ ''9S.9®C. 

Tot.vl Length: 232 to 236 mm. (9.92 to 10.08 in.). 

Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6 to 7 mm. 
(0.236 to 0.275 in.). The stem shall be made with an enlargeiiuuit not less than 4 
nor more than 7 mm. (0.16 to 0.28 in.) in lengtli, having a diaiiudiT 2 to 3 mm. 
(0.08 to 0.12 in.) greater than that of the stern, tlie bottom of the enlargement 
being 114 mm. (4.5 in.) above the bottom of tlie bulb. 

Bui.b: Coming normal or equally suitable thermometric gla.ss. 

Length, 25 to 35 mm. (l.O to 1.4 in.). 

Diameter, not less than 5 mm. (0.197 in.) and not greater than that of stem. 
Distance to Lowe.st Specified Graduation from Bottom of Bulb: 135 to 150 
mm. (5.3 to 5.9 in.). 

Dist.ance to Highe.st Specified Graduation from Top of Thermometer: 20 to 
35 mm. (0.8 to 1.4 in,). 

Contraction Chamber: To be of long narrow type, top to be not more than 60 mm. 
(2.36 in.) above bottom of bulb, mercury to stand in contraction chamber at 32° F, 
(0® C.). 

Expansion Chamber: To permit heating the thermometer 90° F. (50° C.) above 
highest temperature on scale, and in all cases to permit heating to 212® F, (100° 
Filling above SIeuccry: Nitrogen gas. 

Top Fini.sh: Glas.s ring. 

Graduation: All lines, figures and letters clear cut and distinct. They shall lie in 
black except for the special markings below. The first and each succeeding 1° 1' 
or O.S'’ C. line to be longer than the remaining lines. Graduation.s to bo nutnben'd 
at each multiple of 2° F. or 1° C. 

Immersion: Total. 

Special Marking: The test temperatures specified in Section 3 shall be shown in 
full at the appropriate piints on the thermometer scale; the graduations coru - 
Bponding to the test temperatures and the numbers to be in red. A serial number 
and the manufacturer’s name or trade mark shall be etched on the stem. 

Scale Error; The error at any point of the scale shall not exceed 0.2° F. (0.1° C.). 



FIXED OILS, FATS AND WAXES 1723 

Staitoardization: The thermometers are to be standardized for the condition of total 

immerpon. Correction (or emergent stem shall not be applied. 

Case: hach thermomfvter shall be supplied in a suitable case on which shall appear 

the marking, A. fe. T. M., Saybolt Viscosimeter Thermometer" and the range. 

Note.— F or the purpose of interpreting these specifications the following defini- 
tions apply : 

The total length is the over-all length of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the beginning 
of the enamel backing. 

The top of the thermometer is the top of the finished instrument. 

(^) Bath TherTnometers. — Oil-tube thermometers, or other means for 
measuring temperature of at least equal accuracy, shall be used in the bath. 

(/) Timer, — The stop watch or other timing device used shall be graduated 
in divisions of 0.2 sec. or less, and shall be accurate to within 0.1% when tested 
over a 60-min. period (Note). 

Note.— ipectri cal timing devices are permissible provided they are accurate and 
capable of being read to 0.2 sec. Timing devices actuated by synchronous motors s hall 
be used only on electric circuits of controlled frequency. 

{g) Withdrawal Tube. — The tube or pipette used for draining the gallery 
shall have a smooth tip of about 3 mm. outside diameter and about 2 mm. 
inside diameter. 

Temperature of Testing. — (a) With the Saybolt Universal Viscosimeter, 
determinations shall be made at 70®, 100®, 130® or 210® F, (21.1®, 37.8®, 54.4® or 
98.9® C.). 

(6) With the Saybolt Furol Viscosimeter, determinations shall be made at 
77®, 100®, 122® or 210° F. (25°, 37.8®, 50° or 98.9® C.). In tests on road and 
paving materials, determinations mav also be made at 140® and 180° F. 
(00° and 82.2® C.). 

Procedure. — (a) Viscosity determinations shall be made in a room free from 
drafts and rapid changes in temperature. For standardization and referee 
tests the room shall be between 68° and 86° F. (20° and 30° C.) and the actual 
temperature shall bo recorded. For routine tests, temperatures up to 100° F. 
may be emi)l(}yed without introducing errors in excess of 1%. Determinations 
shall not be made at temperatures below the dew point of the atmosphere sur- 
rounding the instrument, 

(b) The oil tube shall first l^e cleaned with an effective solvent, such as 
benzol, and excess soh^ent shall be removed from the gallery. 

‘ (c) All oil shall be jiasscd through a 100-mesh wire strainer before it is 
introduced into the oil tube. After the tube is cleaned, a quantity of the oil 
to be tested, sufficient to wet the entire surface of the tube, shall be poured 
into the tube and allowed to drain out (Note). The cork stopper shall be 
inserted not less than K in. nor more than Ys in. into the lower end of the air 
chamber at the bottom of the oil tube. The cork shall fit tightly enough to 
prevent the escape of air, as evitlenccd by the absence of oil on the cork after 
it is withdrawn. 

NoTE.~Thc plunger commonly supplied with the viscosimeter shall never be used 
on instruments maintained as standards. 
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(d) If the test temperature is above that of the room, the oil shall be heated 
to not more than 3° F. (1.7* C.) above the temperature of test and if the tem- 
perature is below that of the room, the oil shall be cooled to not more than 3° F. 
(1.7° C.) below the temperature of test. The oil shall be poured into the oil 
tube until it ceases to overflow into the gallery. The oil in the oil tube shall 
be kept well stirred w*ith the oil-tube thermometer, care being taken to avoid 
hitting the outflow tube. The bath temperature shall be adjusted until the 
oil temperature remains constant. After thermal equilibrium has been attained 
no further adjustments shall be made in the bath temperature. The test 
results shall be discarded if the indicated bath temperature varies by more 
than ±0.05° F. (0.03° C.) in tests at 70°, 77°, 100°, 122° and 130° F. (21.1°, 
25°, 37.8°, 50° and 54.4° C.) or by more than ±0.10° F. (0.06° C.) in tests at 
140°, 180° and 210° F. (60°, 82.2° and 98.9° C.). 

(e) After the temperature of the oil in the oil tube has remained constant 
within 0.02° F. (0.01° C.) of the desired temperature for 1 min. with constant 
stirring, the oil-tube thermometer shall be withdrawn and the surplus oil 
removed quickly from the gallery by means of the withdrawal tube so that the 
level of the oil in the gallery is below the level in the oil tube proper. The tip 
of the \s*ithdrawal tube shall be inserted at one point in the gallery. The test 
shall be started over again if the tip of the withdrawal tube touches the overflow 
rim (see Fig. 244) . Under no condition.s shall the excess oil be removed by rotat- 
ing the withdrawal tube around the gallery. 

if) The receiving flask shall be placed in position so that the stream of oil 
from the outlet tube will strike the neck of the flask. The graduation mark on 
the recehing flask shall be not less than 10 cm. or more than 13 cm. from the 
bottom of the bath. The cork shall be snapped from its position and at the 
same instant the timer shall be started. The timer shall be stopped when 
the bottom of the meniscus of the oil reaches the mark on the neck of the 
receiving flask. 

Reporting Results. — The time in seconds as determined by the prescribed 
procedure, with the proper calibration correction, is the Saybolt Universal 
(or Saybolt Furol) viscosity of the oil at the temperature at which the te-st is 
made. Results shall be reported to the nearest 0.1 sec. for vi.sco8ity values 
below 200 sec. and to the nearest whole second for values 200 sec. or above. 

Accuracy. — With proper attention to details of method of procedure, results 
in different laboratories with different operators under referee or standardization 
conditions of testing, should not differ by more than 0.5%. 

MacMichael’s Viscosimeter. — This is an instrument of the torsion type 
in which a di.sk is suspended in a cup of fluid, the latter being rotated, and the 
torsion it produces on the disk noted. The disk is suspended by a gold-plated, 
steel wire 10 inches long, held between two grooved pins at the top of the stand- 
ard. The brass cup is oil jacketed, the oil covering the wires H irich and heated 
electrically, or it may be cooled by ice or brine. A bent thermometer passing 
through the cover indicates the temperature, which may be controlled easily 
within a fraction of a degree. The graduated dial at the top of the disk is 
rotary and may be easily set to 0°. A dash pot filled with engine oil on the 
stem of the disk damps the action of the motor. In operating, the instrument is 
levelled, the cup i.s filled to the mark with the fluid to be tested (about 100 ml )» 
the temperature adjusted, the cup rotated at about 20 R.P.M. and the readings 
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of the dial noted. These are in degrees of angular deflection, 300 to the cir- 
cumference, and noted as = 1/1000 poise. Water at 20® should read 
10® M, The smallest, or “ practical unit ” is 1“ M. : by changing the decimal 
point, practical units, absolute units or specific viscosity may be obtained at 
one reading of the dial, no calculations being required. Three strengths of wire 
are supplied, giving water readings of T, 10®, and 100°, covering ranges of 
viscosity to 5000° M. or 5 poise. 

The instrument should be calibrated by solutions of pure granulated sugar 
dried over sulfuric acid, the absolute viscosity of which is shown below. The 
accuracy of the instrument is well within 0.5%. The instrument is very rapid, 
the time required for a reading being very short. It can be applied to colloidal 
or lumpy solutions or suspensions, as limes, clay, glues, gums, explosives, paints, 
catsups or even jams with fruit seeds in them. The table below gives the wires 
applicable to different liquids. 

CONSTANTS OF A SET OF TYPICAL WIRES 


B.&S. 

Cause 

No. 

Diam- 

eter 

Safe 

Limit 

Gm.-Cm. 
per M 
Division 

Centi- 

Centipoises Hange 

Materials that Illustrate 

Inches 

Divisions 

M 

per M 

Minimum 

Maximum 

Itange of Viscosities 

22 

23 

.02535 

.02257 

125 

140 

' .58905 
.3675 

2050 

1280 

1 

1 20000 
12000 

256000 

179000 

'1 

1 Heavy starch solu- 
tions, double boiled 
oils, rubber solutions 

24 

25 

26 

27 , 
30 , 

.02010 
.01790 
.01594 
.0141!) ; 
.01002 

L58 
177 
199 ' 
225 
315 

.2295 

.13311 

.10557 

.05967 

.016065 

800 1 
464 i 
368 

208 

56.0 

8000 

4500 

3500 

2000 

500 

' 126000 
i 82000 
73300 
46800 
17600 

1 

Putties, pastes and 
greases, viscose, sin- 
gle boiled oils, com 
syrups, etc. 

32 

34 

.00705 

.00630 

398 

503 

.00.5355 

.001836 

18.7 

6.4 

180 

60 

6760 

3220 


1 Raw starch, viscous 

1 oils, glycerin, etc. 


VISCOSITY IN CENTIPOISES OF SUGAR SOLUTIONS” 


Temp. O'' C. 

Per cent Sugar by Weight 

0 

20 

40 

60 

0 

1.789 

3.804 

14.77 

238 

5 

1 516 

3.154 

11.56 

156 

Ifl 

1 306 

2.652 

9.794 

109.8 

1.5 

1 141 

2.267 

7.468 

74.6 

20 1 

L005 

1.960 

6.200 

56.5 

25 1 

0.894 

1.704 

5. 187 1 

43.86 

30... 

0,802 

1.504 

4.382 

33.78 


Absolute Viscosiiu.-'Vhh expresses viscosity in dynes, that is, the force 
necessary to produce the acceleration of 1 cm. per second on the mass of a gram. 
“ Bingham & Jackson,. Bureau Standards Bulletin, No. 298 (1917). 
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It is independent of the instrument used; Engler numbers can be converted to 
absolute viscosity by the following factors : 


Engler No. Absolute Viscosity Dynes per Sq. Cm.” 

1 0.01006 X specific gravity 

2 0.1146 X specific gravity 

5 ' ' 0.353 Xspecific gravity 

lO' ^ ^ ! 0.726 Xspecific gravity 

20 '"''! 1-16 Xspecific gravity 

30 ^ ^ ^ 2.19 Xspecific gravity 

QO. ... Xspecific gravity 


The Engler numbers of 5 or over are quite nearly proportional to the abso- 
lute viscosities. 

Specific Gravity. — See under Burning Oils, page 1704. 

Evaporation Test.=^^ — The object of this test is to determine what percentage 
of an oil — more especially a spindle oil — is volatile when exposed to nearly the 
same conditions as it is on a bearing. 

The oil is exposed upon annular disks of filter-paper V}i in. outside diameter, 
with hole % in. in diameter, which have been standing in a sulfuric acid desic- 
cator for several days, contained in a flat watch-glass. 

Manipulation. — The watch-glass and paper are weighed — to tenths of a 
milligram— and about 0.2 gram of oil brought upon it by dropping from a rod, 
and accurately weighed. The watch-glass is now placed in an air bath, the 
temperature of which remains nearly constant at 00® to Go® C. (140° to 150° F.), 
and heated for eight hours. It is then cooled and reweighcd, the loss being 
figured in per cent. Xo oil should be passed which gives an evaporation of more 
than 4%. 

The following table of results upon some spindle oils shows the relation of 
gravity, flash point, and evaporation : 


GraviU' 

na.^h, “ F. 

Kvaporation 

Gravity 


F-vaporation 


29S 

7.0 

.802 

3.52 

0.9%. 

.846 

.313 

4.4Vo 

.866 

366 

1.7% 



348 

2.O0io 

.870 

3H4 

0.8% 

.852 

348 

1.0% 

.882 

364 

1.7% 

.8.56 

.336 

1.4% 





\oTE.s. — The temperature employed, 65® C., is approximately that attained hv 
a bearing (in a spinning frame) after ninning two hours, thus leaving the (^il expt^sed 
to it for eight hours, assuming a ten- hour day. 

The te.st is im|M>rtant to tlie insurance undervsTiter, bccatise it measures the amount 
of inflammable material sent into the air, and hence the liability to cause or aid con- 
flagration.s; it is impr^rtant to the mill-<jwner, as it indicaUi.s the quantity of oil left 
upon the bearing, hence serving its purjKJse. 

The test i.s made up^m other oils by heating them six hours in a .shallow dish t'> 
100®, 1.50®, 220®, or 30t)®, sometimes in a draft of air or A, 8. T. M, D 6-27 methr)d a?’ 
for road materials may be used. 


“ Waidner, Proc. Am. 8^ c, Test. Mat., Pt. I, 293, 1915. 
« Archbutt, J. 80c, Chem. Ind., 15, 326, IH96. 
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Cold Test. — This may be defined as the temperature at which the oil will just 
flow. 

Manipulation . — A 4-oz. vial is one-fourth filled with the oil to be examined, 
a short, rather heavy, thermometer inserted in it, and the whole placed in a 
freezing mixture. When the oil has become solid throughout, let it stand one 
hour; the vial is removed, the oil allowed to soften, and thoroughly stirred 
until it will run from one end of the bottle to the other. The reading of the 
thermometer is now taken by withdrawing it and wiping off the oil with waste 
to render the mercury visible. 

The chilling-point is the temperature at which flakes or scales begin to form 
in the liquid, and is determined similarly, by cooling the liquid 5® at a time. 


STANDARD METHOD OF TEST FOR CLOUD AND POUR POINTS 
A. S, T. M. Designation: D 97-34 


The cloud point of a petroleum oil is the temperature at which paraffin wax 
or other solid substances begin to crystallize out or separate from solution when 
the oil is chilled under definite prescribed conditions. 

The pour point of a petroleum oil is the lowest temperature at which the oil 
will pour or flow when it is chilled without disturbance under definite prescribed 
conditions. 

The test for cloud point shall be used only for oils which are transparent 

in layers IH in. thick. 

The test for pour point shall be used for all other petroleum oils and may 
be used for oils on wliich the test for cloud point is permitted. 

Apparatus.— (See Fig. 240.) The test jar, a, shall be of clear glass, cylindri- 
cal form, flat bottom, approximately to in. in inside diameter and 

412 to 5 in. high. An ordinary 4-oz. oil sample bottle may be used if it is 
within the above specifications, and no test jar is available. 

The thermometer, b, shall conform to the requirements of one of the follow- 
ing specifications: 

(rt) These specifications cover a special thermometer graduated m either 
Centigrade or Fahrenheit degrees as specified, the ranges being —38 to +50 C. 
or -dO"" to +120® F., respectively. 


Type: FTchod .stem, glass. 

Range and Subdivision: -38 to +50° C. in 1°C. or -36 to +120 F. in 2 F. 

Under the standard ixat ion procetiure^of the Society, this method is ^der the 
jurisdiction of the A. S. T. M. ("ommittee D-2 Petroleum Products and Lnbri^ 
Reproduced through the courtesy of the American Society for Testing Materials, 

Pour Points (A. S. T. M. Designation: D 97-33), 1933 Book of A. S. T. M. Standards, 

designation D tn 

tl«e year of original adoption as standard or m the 
';<‘vi.sion. Issued as Tentative, 1921 ; Adopted m Amended 

D33, 1934. This method has been approved as American Standard by the American 
Standards Association. 
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Total Length: 220 to 224 mm. (8.69 to 8.81 in.). 

Stem: Plmn front, enamel back, suitable thermometer tubing. Diameter, 7.0 to 8.0 
mm. (0.28 to 0.31 in.). 

BtriiB: Coming normal or equally suitable thermometric glass, 
length, not over 9.5 mm. (0.37 in.). 

Diameter, not greater than stem. 

Distance to — 38° C. or —36° F. Line from Bottom of Bulb: 120 to 130 mm. (4.73 
to 5.12 in.). 

Distance to +49° C. or +120° F. Line from Top of Thermometer: 19 to 25 mm. 
(0.75 to 0.98 in.). 

Expansion Chamber; To permit heating to 100° C. or 212° F. 

Filling above Mercury: Nitrogen gas. 

Top Finish: Plain. 

Graduation: All lines, figures, and letters clear cut and distinct. Lines at multiples 
of 5° C. or 10° F. to be longer than the remaining lines. Graduations to be num- 
bered at each multiple of 10° C, or 20° F. 

Immersion: 108 mm. or 4H in. The words “lOS-mm. immersion’" on Centigrade 
thermometers or “434-in. immersion” on Fahrenheit thermometers and a line 
around the stem 108.0 mm. or 4.25 in. above the bottom of the bulb shall be etched 
on the thermometer. 

Special Marking: “A. S. T. M. Cloud and Pour,” a serial number and the manu- 
facturer’s name or trade mark shall be etched on the stem. 

Scale Error: The error at any point of the scale, when the thermometer is stand- 
ardized as provided below, shall not exceed 0.5°C. orl°F. 

Standardization; The thermometer sliall be standardized at the ice point and at 
intervals of approximately 20° C. or 40° F. for 108-mm. or 434-in- immersion and 
for an average temperature of 21° C. or 70° F. for the emergent mercury column. 
Case: The thermometer shall bs supplied in a suitable case on which shall appear 
the marking: “A. S. T. M. Cloud and Pour, —38 to +50° C.” or “A. S. T. M. 
Cloud and Pour, —36 to +120° F.” according to the type of thermometer. 

Note. — For the purpose of interpreting these specifications the following defini- 
tions apply : 

The total length is the over-all lenirth of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the beginning 
of the enamel backing. 

The top of the thermometer is the top of the finished instrument. 

(6) These specifications cover a special low cloud and pour test thermometer 
graduated in either Centigrade or Fahrenheit degrees as specified, the ranges 
being -60° to +20° C. or -70° to +70° F. 

Type : Etched stem, glass. 

Liquid: Toluene or other suitable liquid colored red with a permanent dye. 

Range and Hubdivisio.n: —60° to +20° C. in 1° C. or —70° to +70° F. in 2° F. 
Total Length: 227 m 231 mm. (8.92 to 9.08 in.). 

Stem: Plain front, enamel back, suitable thermometer tubing. Diameter 7.0 to 8.0 
mm. (0.28 to 0.31 in.). 

Bulb: Coming normal or equally suitable thermomctric glass. 

Length, 8.0 to 9.5 mm. (0 .31 to 0.37 in,). 

Diameter, 5.0 to 6,5 mm. (0.22 to 0.26 in.). _ 

Distance to —57° C. or —70° F, Line from Bottom of Bulb: 120 to 130 mm. (i oJ 
to 5.12 in.). 

Distance to +20° C. or +68° F. Line from Top of Thermometer: 35 to 4o mm. 
(1.38 to 1.77 in.). 

Expansion Chamber: To permit heating to +60° C. or +140° F. 

Filling above Liquid: Gas under pressure. 

Top Finish : Plain. ... u i 

Graduation: All lines, figures and letters clear cut and distinct, lines at multip'- 
of 5° C. or 10° F. to longer than the remaining lines. Graduations to be num- 
ber^ at each multiple of 10° C. or 20° F. 
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Immeesion: 108 mm. (iH m.). The words “lOS-mm. immersion” on Centigrade 
thermometers, or ‘ 434“m. immersion" on Fahrenheit thermometers and a line 
around the stem 108 mm. (4.25 in,) above the bottom of the bulb, shall be etched 
on the thermometer. 

Special Marking: "A, S. T. M. Low Cloud and Pour" a serial number and the manu- 
facturer’s name or trade mark slmll be etched on the thermometer. 

Scale Error: The error at any point of the scale when the thermometer is stand- 
ardized as provided below, shall not exceed T C. or 2° F. 

Standardization: The thermometer shall be standardized at the ice point and at 
intervals of approximately 20'’ C. or 35'’ F. for i08-mm. or 4l44n. immersion, and 
for an average temperature of 2V C. or 70° F. for the emergent liquid column. 

Case; The thermometer shall be supplied in a suitable case on which shall appear 
the marking " A. S. T. M. Low Cloud and Pour, -60° to +20° C." or "A. S. T. M. 
Low Cloud and Pour, —70° to +70° P.,” according to the type of thermometer. 


Note. — For the purpose of interpreting these 
specifications, the following definitions apply: 

The total length is the overall length of the 
finished instrument. 

The diameter is that measured with a ring 

pge- 

The length of the bulb is the distance from the 
bottom of tlie bulb to the beginning of the 
enamel backing. 

The top of the thermometer is the top of the 
finished instrument. 

The cork, c, shall fit the test jar, and 
shall be bored centrally to take the test ther- 
mometer. The jacket, d, shall be of glass or 
metal, shall be water tight, of cylindrical 
form, flat bottom, about 4}^ in. deep, with 
inside diameter to 3^^ in. greater than out- 
side diameter of the test jar. 

A disk of cork or felt, e, 34 in. thick and 
of the same diameter as the inside of the 
jacket will be required. 

The ring gasket, /, shall be about re 1^* 
thick, and made to fit snugly around the out- 
side of the test jar and loosely inside the 
jacket. This gasket may be made of cork, 
felt orothersuitable material, elastic enough to 
cling to the test jar and hard enough to hold its 
shape. The purpose of tlie ring gasket is to 

prevent the test jar from touching the jacket. ... , . . 

The cooling bath, g, shall be of a type suitable for obtaining the required 
temperatures. The size and shape of the bath are optional but a support, 
suitable for holding the jacket firmly in a vertical position, is essential, hor 
determination of pour points below 50=^ F., two or more baths should he at hand. 
The required bath temperatures may be maintained by refrigeration if available, 
otherwise by suitable freezing mixtures. 

Note.— T he freezing mixtures commonly used are as follows; 

For tempemturc, down to .W F., .hloriae. 

« H (t <r _ 1 F ’ crushed ice and calcium chloride crystals. 

• < a « u j/’gedid carbon dioxide and acetone or gasolme. 



Fig. 246. — Apparatus for Cloud 
and Pour Test 

(as assembled for Cloud Test). 
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The last named mixture may be made as follows: In a covered metal beaker chill 
a suitable amount of acetone or gasoline to 10'’ F., or lower, by means of an ice-^t 
mixture. Invert a cylinder of liquid carbon dioxide and draw off carefully into a 
chamois skin bag the desired amount of carbon dioxide, which through rapid evapora- 
tion will quickly become solid. Then add to the chilled acetone or gasoline enough of 
the solid carbon dioxide to give the desired temperature. 

Procedure, — The oil to be tested shall be brought to a temperature at least 
25® P. above the approximate cloud point. Moisture, if present, shall be 
removed by any suitable method, as by hitration through dry filter paper until 
the oil is perfectly clear, but such filtration shall be made at a temperature at 
least 25® F. above the approximate cloud point. 

The clear oil shall be poured into the test jar, a, to a height of not less than 
2 nor more than 234 iu. The test jar may be marked to indicate the proper 
level. 

The test jar shall be tightly closed by the cork, c, carrying the test ther- 
mometer, 6, in a vortical position in the center of the jar with the thermometer 
bulb resting on the bottom of the jar. 

The disk, e, shall be placed in the bottom of the jacket, d, and the test jar 
with the ring gasket, /, 1 in. above the bottom shall be inserted into the jacket 
The disk, jacket and inside of jacket shall be clean and dry. 

The temperature of the cooling bath, g, shall be maintained at 30 to 35® F. 
The jacket, containing the test jar, shall be supported firmly in a vertical 
position in the cooling bath so that not more than 1 in. of the jacket projcct.s 
out of the cooling medium. 

At each test thermometer reading which is a multiple of 2° F., the test jar 
shall be removed from the jacket, quickly but without disturbing the oil, 
inspected for cloud, and replaced in the jacket. This complete operation shall 
require not more than three seconds. If the oil does not show a cloud when it 
has been cooled to 50® F., the test jar shall be placed in a second bath main- 
tained at a temperature of 0® to H-.5° F. If the oil does not show a cloud when 
it has been cooled to 20® F., the test jar shall be placed in a third bath main- 
tained at a temperature of —30® to —25° F. 

WTren such in.spection first reveals a distinct cloudiness or haze in the oil, 
at the bottom of the test jar, the reading of the test thermometer, corrected 
for error if necessary, shall l)e recorded as the cloud point. 

Procedure for Pour Point. — The oil shall be poured into the test jar, a, to a 
height of not loss than 2 nor more than 234 i^- The jar may be marke<l to 
indicate the proper level. When necessary, the oil shall be heated in a water 
bath just sufficiently for pouring into the test jar. 

The test jar shall be tightly closed by the cork, c, carrying the test ther- 
mometer, fc, in a vertical jx^sition in the center of the jar with the thermometer 
bulb immersed so that the beginning of the capillary shall be in. below (Jic 
surface of the oil. 

Heat without stirring to a temperature of 115° F. in a bath maintained ut 
not higher than 118® F. The oil shall then be cooled to 90® F. in air or in a 
w’ater bath approximately 77° F. in temperature. Oils on which a pour p‘'i'd 
below —30° F. is expected shall be heated as above with the high cloud- 'Oid 
pour-test thermometer in position, cooled to 60® F. and the low cloud- and p<»ur- 
test thermometer placed in position and the assembly placed in the jacket, this 
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on which a pour pointy of above 90° F. is expected shall be heated to 115° F. 
or to a temperature 15° F. above the expected pour point, with the high cloud- 
and pour-test thermometer in position, and the test jar immediately introduced 
into the jacket. 

^ The disk, c, shall be placed in the bottom of the jacket, d, and the test jar, 
with the ring gasket, f, 1 in. above the bottom, shall be inserted into the jacket. 
The disk, gasket and inside of jacket shall be clean and dry. 

After the oil has cooled enough to allow the formation, of paraffin wax 
crystals, great care shall be taken not to disturb the mass of the oil nor to permit 
the thermometer to shift in the oil. Any disturbance of the spongy network of 
wax crystals will lead to low and fictitious results. 

The temperature of the cooling bath, g, shall be maintained at 30° to 35° F. 
The jacket, containing the test jar, shall be supported firmly in a vertical 
position in the cooling bath so that not more than 1 in. of the jacket projects 
out of the cooling medium. 

Beginning at a temperature 20° F. before the expected pour point, at each 
test thermometer reading which is a multiple of 5° F., the test jar shall be 
removed from the jacket carefully and shall be tilted just enough to ascertain 
whether there is a movement of the oil in the test jar. The complete operation 
of removal and replacement shall require not more than 3 seconds. If the oil 
has not ceased to flow when its temperature has reached 50° F., the test jar shall 
Ijc placed in the jacket in a second bath maintained at a temperature of 0° to 
-|-5° F. If the oil has not ceased to flo^v when its temperature has reached 
20° F., the test jar shall be placed in the jacket in a third bath maintained at a 
temperature of -30° to -25° F. For determinations of very low pour points, 
additional baths should be maintained with successively lower temperature 
differentials of about 30° F. In each case the test jar shall be transferred when 
the temperature of the oil reaches a point 50° F. above the temperature of the 
new hath. At no time shall the cold test jar be placed directly in the cooling 
medium. As soon as the oil in tlie test jar docs not flow when the jar is tilted, 
the test jar .shall be hold in a horizontal position for exactly 5 seconds, as noted 
by a stop watch or other accurate timing device and observed carefully. If 
the oil shows any movement under these conditions, the test jar shall be im- 
mediately replaced in the jacket and a test for flo\v repeated at the next tem- 


perature 5° F. lower. 

The test shall be continued in this manner until a point is reached at which 
the oil in the test jar shows no movement w'hen the test jar is held in a horizontal 
position for exactly five seconds. Certain lubricating oils tend to move as a 
whole and should be very closely observed. The reading of the test thermom- 
eter at this temperature, corrected for error if necessary, shall be recorded. 
The pour point shall be taken as the temperature 5° F, above this solid point. 

Special Procedure for Black OUs and Cylinder Stocks.— (a) In those cases 
'vhere it is known that a sample has been subjected to some temperature higher 
than 115° F. during the preceding 24 hours, or where the history of the sample in 
this respect is not known, the sample shall be held in the laboratory 24 hours 
before testing, unless three consecutive tests of the same sample m the same 
tost jar give check results. For these particular oils, results obtained by one or 
tlie other of the alternative procedures shall be called the upper (maximum) 
pour point. 
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(6) The lower (minimum) pour point shall be determined by heating a 
sample with stirring to 220*" F, The oil shall then be poured in the test jar, 
cooled to 90° F. as before, and the pour point determined as described in 
Section on “ Procedure for Pour Point.” 

(c) The upper and lower pour points shall be reported separately. 


STANDARD METHOD OF TEST FOR FLASH AND FIRE POINTS BY 
MEANS OF OPEN CUP 

A. S. T. M. Desigxation; D 92-33 

Scope. — The open cup flash and fire test on all products except fuel oils and 
those ha\nng an open cup flash below 175° F. shall be determined in the 
Cleveland Open Cup. 

Apparatus. — The Cleveland open cup, a diagram of which appears in Fig. 
247, shall include the following major parts: 

(a) Flash Cup . — The cup shall be made of brass and shall conform to the 
following requirements : 



Indies 

Cenliracters 

Min. 

Normal 

Max. 

Min. 

Normal 

: Max. 

Inside diameter immediately below filling mark 

2H 

2K2 

2H 

6.27 

6.35 

6.43 

Outside diameter below flange 


2H 

2H 

6.7.5 i 

6.8:1 

6.91 

Inside height from center of bottom to rim . . . 

1 A 

l^ 

IH 

3.2.5 

3,33 

3.41 

Thickness of bottom 



A 

0.28 : 

0.32 

0.:i6 

Distance from rim to filling mark 

i\ 

H 

ii 

0.91 ! 

0.95 

0.99 

Distance lower surface flange to bottom of cup 

lyj 

VA 


3.10 

3.18 

3.‘20 

Vertical distance upper surface flange to rim. 


Vs 


0/28 

0.32 ' 

0..36 

Thickness of rim 


A 


0.20 

0.24 

0,28 

Width of lower surface of flange 

iS 

11 

% ' 

1.43 

1..51 

1.59 


The bevelled edge of the cup shall be at an angle of approximately 45°. 
There may be a fillet of approximately ^ in. (0.397 cm.) radius inside the 
bottom of the cup. 

(6) Heating Plate . — The cup shall be supported by a metal plate K 
(0.635 cm.) in thickness and 6 in. (15.24 cm.) in width. The plate shall be of 
brass, cast iron, wTought iron or steel. In the center of the plate there shall 
be a plane depression ^ in. (0.079 cm.) in depth, and of just sufficient diameter 
to fit the cup. There shall be a circular opening 2^ in. (5.50 cm.) in diameter, 

Under the standardization procedure of the .Society, this method is under the 
jurisdiction of the A. S. T. M. Committee D-2 on Petroleum Products and Lubricants. 
Reproduced through the courtesy of the American .Society for Testing Materials, 
260 S. Broad St., Imiladelphia, Pa. 

This method is ksued under the fixed designation D 92; the final number indicates 
the year of original adoption as standard or, in the case of revision, the year of 
revision. Issu^ as Tentative, 1921; Adopted in Amended Form, 1924; Revised, I9’^y’ 
This method has been approved as American Standard by the American Standards 
Association. 
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cut through the plate, centering with the center of the above-mentioned de- 
pression. The plate shall be covered with a sheet of hard asbestos board 3^ in. 
in thickness, and of the same shape as , the metal plate. There shall be cut in the 

! 



center of the asbestos board a circular hole just fitting the cup. Heat may be 
supplied from any convenient source. The use of a gas burner, electric heater, 
or alcohol lamp is permitted, but under no circumstances are products of com- 
bustion or free flame allowed to come up around the cup. The source of heat 
shall be centered under the opening in the plate and shall be of a type that will 
not produce local superheating. If a flame heater is used, it may be protected 
from drafts or excessive radiation by any suitable type of shield, that does not 
project above the level of the upper surface of the asbestos board. ^ 

Thermometer. — The thermometer shall conform to the following require- 
ments. These specifications cover a special thermometer graduated in citto 
Centigrade or Fahrenheit degrees as specified, the ranges being —6 to -j-'tOO C., 
or +20° to +760^* F., respectively. 


Type: Etched stem, | 
I'UjuiD: Mercury. 

Kanub and Subdivision: 


-6® to +400® C. in 2® C. or +20® to +760® F. in 


Total Length: 303 to 307 mm. (11.02 to 12.08 m.). 

1 back, suitable thermometer tubing. 

i _ rt oo > 


5®F. 


bTK;M: Plain front, enamel - . ^ 

Diameter, 6.0 to 7.0 mm. (0.24 to 0.28 m.^. 

Bulh : Coming normal or equally suitable thermometnc ( 
length, not over 13 mm. (0.51 in.). 

Diameter, not greater than stem. 
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Distance to —6® C. or 20° F. Line from Bottom of Bulb: 40 to 50 mm. (1.57 to 
1.97 m.). 

Distance to 400° C. or 760° F. Line from Top of Thermometer: 30 to 45 mm. 
(1.18 to 1.77 in.). 

Filling above Mercury: Nitrogen gas. 

Top Fini.sh: Red glass ring. 

Graduation : All lines, figures, and letters clear cut and distinct. The 10° C. lines 
or the first and each succeeding 10° F. line to be longer than the intermediate lines. 
Graduations to be numbered at each multiple of 10° C. or 20° F. 

Immersion: 25 mm. or 1 in. The words ^*25 mm. immersion'’ on Centigrade ther- 
mometers or “1-in. immersion'* on Fahrenheit thermometers and a line around 
the stem 25.4 mm. or 1.00 in. above the bottom of the bulb shall be etched on the 
thermometer. 



Special Marking: “A. S. T. M. Open Fla.sh’* a serial number and the manufacturer's 
name or trade mark shall be etched on the shun. 

Scale Error: The error at any pioint of the .scale when the thermometer Is sbitel- 
ardized as provided below shall not exceed 1° C. up tc> 372° C. or 2]^° F. up to 
700° F. 

STA.NDARDizATir)N: The thermometer shall be standardized at the icc pf)int and at 
intervals of apprr»ximately 100° F. for 25-mm. or l-in. immeraiun and for tlie 
following temperatures of the emergent mercury column : 

AveniRe Tfmp<‘raliirf’ of F.mcrp!**'** 


Thormompter IlcadinK 

Mercury 

Column 

lotr c. 

200° F 

44° C. 

110° F. 

1.50° C. 

300° F 


129° F. 

200° C. 

400° F 

64° C, 

1.50° F. 

2.50° C. 

.500° F 

77° C. 

17.5° F. 

:K)0° C. 

600° F 

91° C. 

205° F. 

3.50° C, 

700° F 

108° C. 

240° F. 
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Test for Permanency of Range: After being subjected to a temperature between 
360 to SyO” C. or 680 to 700“ F. for 24 hours, the accuracy shall be within the 
limit specified. 

Case: The thermometer shall be supplied in a suitable case on which shall appear 
the marking: S. T, M. Open Flash, —6“ to +400° C,” or “A. S. T, M. Open 

Flash, +20“ to +760“ F.,” according to the type of thermometer. 

Note.— F or the purpose of interpreting these specifications the following defini- 
tions apply: 

The total length is the over-all length of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the beginning 
of tlie enamel backing. 

The top of the thermometer is the top of the finished instrument. 


Procedure. — (a) The thermometer shall be suspended or held in a vertical 
position by any suitable device. The bottom of the bulb shall be in. 
(0.635 cm.) from the bottom of the cup, and above a point half way between 
the center and back of the cup. 

(b) The cup shall be filled ^vith the oil to be tested in such a manner that the 
top of the meniscus is exactly at the filling line at room temperature. When 
asphalt or other solid bituminous material is to be tested, it shall first be heated 
to a temperature not less than 300^“ F. nor more than 360° F., to render it 
sufficiently fluid. The cup shall then be filled with the hot fluid at this tem- 
perature in the same manner as with oil. The subsequent procedure shall then 
be the same for both asphalt and solid bituminous material as with oil. The 
surface of the oil shall be free from bubbles. There shall be no oil above the 
filling line or on the outside of the apparatus. 

(c) The test flame shall be approximately ^ in. (0.397 cm.) in diameter. 


Note.— f'or purposes of comparison it is recommended that a bead of suitable 
light colored material be mounted in a convenient position so that the size of the test 
flume can be determined. The device for applying the flame ^y be of any suitable 
tvpc but it is suggi'sted that the tip be approximately m (0.1o9 cm.) m diameter at 
the end and that the orifice be i, in. (0.079 cm.) m diameter. If the device for oper- 
ating the test flame be mounted in such a manner as to permit automatic duphcation 
of the sweep of the test flame the radius of swing shall be not less than 6 m. 

(d) The test flame shall be applied as the temperature read on the ther- 
mometer readies each successive 5“ F. mark. The flame shall pass m a straight 
line (or on the circumference of a circle having a radius of at least 6 m.) across 
the center of the cup and at right angles to the diameter passing through the 
thermometer. The test flame shall, while passing across the surface of the oil, 
lie in the plane of the upper edge of the cup. The time for the passage of the 
test flame across the cup shall be approximately one s^^oii . ... 

(c) The oil shall be heated at a rate not exceeding 30 F. per minute tem- 
perature rise, till a iKiiiit is reached approximately 100° F. below the probable 
flash point of the oil. Thereafter the rate of heating shall be decreased and 
for at least the last 50° F. before the flash point is reached, the rate shall be 

not leas than 9 nor more than 1 1° F. per minute. j .e fv,„r„,nmi=.tpr 

The flash point shall be taken as the temperature read on thermojnder 
"hen a flash appears at any point on the surface of the oil. The true flash 
must not be confused with a bluish halo that sometimes surrounds the test flame 
. ” The immersion line engraved on the thermometer stem wiU be A in. (0.159 cm.) 

below the level of the rim of the cup. 
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After determining the flash point, the heating shall be continued at the 
specified rate of 9 to 11° F, per minute, and application of the test flame shall 
be made at the specified intervals until the oil ignites and continues to burn for 
a period of at least 5 seconds. The method of application of the flame shall 
be the same as for flash point. The temperature read at the time of the flame 
application which causes burning for a period of 5 seconds or more shall be 
recorded as the fire point. 

Precautions. — The flash point and fire point tests shall be made in a room or 
compartment free from air drafts. The operator shall avoid breathing over 
the surface of the oil. It is desirable that the room or compartment be darkened 
sufficiently so that the flash may be readily discernible. 

Detection of Soap. — To increase the viscosity of an oil,” resort is had to the 
use of “ oil pulp,” “ oil-thickener,” or “ white gelatin,” usually an oleate of 
aluminum, though other bases may be present. Its disadvantages are that it 
causes the oil to chill more easily and to emulsify, thus increasing the friction. 
Furthermore, it is precipitated by contact with w^ater or steam, causing clogging 
of the machinery. 

The test depends upon the fact that the metaphosphates of the earthy and 
alkali metals and aluminum are insoluble in absolute alcohol. 

The test is applied as follows: five to 10 mi. of the oil to be tested are dis- 
solved in about 5 ml. of 86° gasoline or ether, and about 15 drops of the phos- 
phoric acid solution (Reagents, p. 1799) added, shaken and allowed to stand; 
the formation of a flocculent precipitate indicates the presence of soap. An 
idea of the kind of soap can be often gained by adding an alcoholic solution of 
PtCL- If the precipitate becomes crystalline, it is a potash soap ; if it dissolve-^, 
soda, lime, or magnesia; if unchanged, alumina or iron. 

For the accurate determination of these compounds a known weight of the 
oil must be ignited, the re.sidue determined and quantitatively examined. 

Caoutchouc. — Holde ® states that 1 to 2% of unvulcanized caoutchouc is 
sometimes added to oils to increase their viscosity. This may be detected by 
adding three parts of alcohol to four parts of the ethereal solution, whereby the 
rubber material is precipitated and may be dried and weighed. 

Test for Fatty Oils. — To detect small quantities of fatty oil (34 to 2%) 
Lux “ recommends heating a few ml. of the oil for fifteen minutes with some 
bits of sodium in a test-tube in an oil bath ; a similar test is made with sodium 
hydroxide. The temperature employed should be for light oils about 230°, 
for dark oils 250°.^^ In case fatty oil be present, the contents of one or both 
of the tubes solidify to a jelly of greater or less consistence according to the 
amount of fatty oil present. 

The quantitative determination of these oils, as for example in cylinder oib, 
is effected after the manner of determining the saponification value (p. 1771) 
or the detection of unsaponifiable oils in fatty oils (page 1773). 

”In a case which came to the writer's notice the oil would not flow out of the Say- 
bolt apparatus at 70'^, at 85* required 1167”, and at 110°, 181”. 

* Schweitzer and Lungwitz, J, Soc. Chem. Ind., 13, 1178, 1894. 

** “Examination of Hydrocarbon Oils,” p. 202. 

» Z. anal. Chem., 24, 357, 1885. 

•* Holde, Examination of Hydrocarbon Oils, p. 76, 
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Schreiber adopts a method similar to Sweetham and Henriques, in that he 
dissolves 5 grams of the oil in 25 ml of benzol, adds 25-50 ml. N/2 alcoholic 
potash, and boils for half an hour on the water bath, using a 3-ft, glass tube as a 
condenser. 

Gumming Test.®* — This is designed to give an idea of the amount of a 
change that may be expected in a mineral oil when in use. These resinified 
products increase the friction of the revolving or rubbing surfaces.” It is also a 
measure of the amount that an oil will “ carbonize ” in a gas or gasoline engine 
cylinder. It is applied after the manner of the elaidin test, by thoroughly 
mixing together 5 grams of the oil in a cordial glass with 11 grams of nitrosul- 
furic acid and cooling by immersion in a pan of water at 10-15°. Brownish 
spots or, in case of a bad oil, masses, form around the edges and become red in 
the course of two hours. 

As shown by long practical experience, the oil showing the least tar or gum 
is the best oil; it also absorbs the least oxygen. 


STANDARD METHOD OF TEST FOR CARBON RESIDUE OP 
PETROLEUM PRODUCTS®* 


(CONRADSON CARBON RESIDUE) 
A. S. T. M. DesigN'ATion: D 189-36®® 


Scope. — This method of test is a means of determining the^ amount of 
carbon residue left on evaporating an oil under specified conditions, and is 
intended to throw some light on the relative carbon-forming propensity of an 
oil. The results of the test must be considered in connection with other tests 
and the use for which the oil is intended. This test furnishes pertinent infor- 
mation relative to lubricants for internal combustion engines, domestic oil 
fuels, and oils used in the manufacture of gas. 

Apparatus.— The apparatus (see Fig. 249) shall consist of the following: 

(а) Porcelain crucible, wide form, glazed throughout, or a silica crucible; 
29 to 3Uml. capacity, 46 to 49 mm. (1.81 to 1.93 in.) in rirn diameter. 

(б) Skidmore iron crucible flanged and ringed, 66 to 82-ml. capacity, 53 to 
57 mm. (2.07 to 2.20 in.) inside and 60 to 67 mm. (2.36 to 2.64 in.) outside 


**4- Am. Chem. Soc., 29, 74, 1907. 

“ Gill, J. Am. Chem, Soc., 24, 467, 1902. 

of the Society, this methyl is under the 

jurisdiction of the A. S. T. M. Committee D-2 fotTeste^M^^^ 

Reproduced through the courtesy of the American Society for Testing Materials, 

Thi? proeSurf is’^'^SificMion of the 

lor Carbon Test and Ash Residue m Petroleum Lubricating Oils. See ftoceedmg, 

lighth ‘International Congress of Applied ^ol 4 No 11^ 

Vol. I, p. 131: also Journal of Industrial and Engineering Chemistry, Vol. 4, No. ll, 

j ■ • A thP fixed desienation D 189; the final number indi- 
®*Thi8 method la issued under the nxea aevsguav vpsir of lost 

1,30. 

1936. 
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diameter of flange, 37 to 39 mm, (1.46 to 1.54 in.) in height supplied with a 
cover without delivery tubes and having the vertical opening closed. The 
horizontal opening of about 6.5 mm. (0.26 in.) shall be kept clean. The outside 
diameter of the flat bottom shall be 30 to 32 mm. (1.18 to 1.26 in.). 

(c) Spun sheet-iron crucible, with cover; 78 to 82 mm. (3.07 to 3.23 in.) 
in outside diameter at the top, 58 to 60 mm. (approximately 2,3 in.) in height, 
and approximately 0.8 mm. (0.03 in.) in thickness. Place at the bottom of this 
crucible, and level before each test, a layer of about 25 ml. of dry sand, or 
enough to bring the Skidmore crucible, with cover on, nearly to the top of the 
sheet-iron crucible. 

(d) Triangle of bare nichrome wire of approximately No. 13 B. & S. gage 
having an opening small enough to support the bottom of the sheet-iron 

crucible at the same level as the bottom 
of the asbestos block or hollow sheet- 
metal box, Paragraph (/). 

(e) Circular sheet-iron hood from 120 
to 130 mm. (434 diameter 

the height of the lower perpendicular 
side to be from 50 to 53 mm. (2 to 2)4 
in.) ; provided at the top with a chimney 
50 to 60 mm. (2 to 23^ in.) in height 
and from 50 to 56 mm. (2 to 234 in.) 
inside diameter, which is attached to the 
lower part ha\ing the perpendicular sides 
by a cone-shaped member, bringing the 
total height of the complete hood from 
125 to 130 mm. (534 in.). The hood 
may be made from a single piece of metal 
provided the foregoing dimen.sions are 
adhered to. As a guide for the height 
of the flame above the chimney, a bridge 
made of approximately 3-mm. (j^s-in.) iron 
or nichrome wire, h, shall be attached 
having a height of 50 mm. (2 in.) above 
the top of the chimney. 

(J) Asbestos, block refractory ring, or hollow sheet-metal box, 150 to 175 
mm. (6 to 7 in.) in diameter if round or on a side if square, 32 to 38 mm. (134 In 

in.) in thickness, provided with a metal-lined, inverted cone-shaped opening 
through the center; 83 mm. (334 in.) in diameter at the bottom, and 89 mm. 
(334 in.) in diameter at the top. 

(g) Burner, Meker type, 24 mm. (1 in.) in diameter by 155 mm. (6 in.) in 
height, suitable for either manufactured or natural gas. 

Procedure. — The test shall be conducted as follows: 

Place two glass beads about 0.1 in. in diameter in, and include them in the 
weight of, the tared porcelain or silica crucible in which is accurately weighed 
10 g. of the oil to be tested, free from moisture or other suspended matter. 
Place this crucible in the center of the Skidmore crucible. Level the sand in 
the large sheet-iron crucible and set the Skidmore crucible on it in the exact 



Fiq. 249. — Apparatus for Determining 
Carbon Residue. 
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center of the iron crucible. Apply covers to both the Skidmore and the iron 
crucible, the one to the latter fitting loosely to allow free exit to the vapors as 
formed. 

On a suitable stand or ring, place the bare nichrome wire triangle and on it 
the asbestos block or hollow shcet-metal box. Next, centre the sheet-iron 
crucible in the block with its bottom resting on top of the triangle, and cover 
the whole with the sheet-iron hood in order to distribute the beat uniformly 
during the process (see Fig. 249). 

Apply heat with a high strong flame from the Meker-type gas burner, so 
that the pre-ignition period will be 10 minutes ±134 minutes (a shorter time 
may start the distillation so rapidly as to cause foaming or too high a flame). 
When smoke appears above the chimney, immediately move or tilt the burner 
so that the gas flame plays on the sides of the crucible for the purpose of igniting 
vapors. Then remove the heat temporarily, and before replacing adjust by 
screwing down the pinch-cock on the gas tubing^ so that the ignited vapors 
burn uniformly with the flame above the chimney but not above the wire 
bridge. Heat may be increased, if necessary, when the flame does not show 
above the chimney. The period of burning the vapors shall be 13 minutes 
±1 minute. 

When the vapors cease to burn and no further blue smoke can be observed, 
readjust the burner and hold the heat as at the beginning so as to make the 
bottom and lower part of the sheet-iron crucible a cherry red and maintain for 
exactly 7 minutes. The total period of heating shall be 30 minutes ±2 minutes 
which constitutes an additional limitation on the tolerances for the pre-ignition 
and burning periods. There should be no difficulty in carrying out the test 
exactly as directed with the gas burner of the type named, using city gas 
(about 550 B.t.u.) with the top of the burner about 2 in. below the bottom of 
the crucible. The time periods shall be observed with whatever burner and 
gas is used. 

Remove the burner and allow the apparatus to cool until no smoke appears, 
and then remove the cover of the Skidmore crucible (about 15 minutes). 
Remove the porcelain or silica crucible with heated tongs, place in the desic- 
cator, cool and weigh. Calculate the percentage of carbon residue on the 

original sample. _ . ^ , r. ‘j 

Special Procedure: Special Procedure j or Oils Having Carbon Residues in 
Excess of S%, Such as Heavy Crude Oils, Residuums, Heavy Fuel Oils, and 
Heavy Gas- Enrichment Oils.— When the carbon residue as obtained by the 
procedure described above (using a lO-g. sample) is in excess o 5%, i 
culties may be experienced due to boiling over of the sample. Trouble also 
may be encountered with samples of heavy products which are difficult to de- 
hydrate. In the case, therefore, of samples showing by the usual method of 
test a carbon residue in excess of 5%, the test shall be repeated m duplicate 

using a 5-g. sample. . 

Tolerances.— Weights of oil sample shall be accurate to within 5 mg. Tests 
shall be run in duplicate and repeated if necessary until the percentages of 
carbon residue differ by not more than 10% from an average. 

Gasoline Test.— This shows the presence of tar (still bottoms) or asphaltic 

matters. 



1740 


FIXED OILS, FATS AND WAXES 


Mix 10 ml. of the oil with 90 ml. 86°-88° gasoline (from Pennsylvania crude) 
B. pt. 30°-50® C., allow to stand one hour at 70° to 80° F.; not more than 10% 
of flocculent or tarry matter should have settled out. This settling can' be 
facilitated by whirling in a centrifuge in a graduated tube in which the volume 
of the precipitate can be read off. If the test be applied to the oil before making 
the flash test and then again after this test it shows the extent to which the oil 
is changed upon heating. Other things being equal the oil which is changed 
the least is the best oil. See page 1761. 

Microscopical Test. — Put a few drops of the well-mixed oil on a slide and 
note the nature of the suspended matter — whether carbonaceous specks, flakes 
of paraffin which disappear on warming, or foreign matter. A good oil should 
be practically free from all these bodies. 

Heat Test, — Heat 20-25 ml. of the oil in an Erlenmeyer flask or beaker, 
nearly to the flashing point and keep it at this temperature for fifteen minutes; 
a satisfactory oil will darken, but remain clear even after standing a day. A 
poorly refined oil changes to jet black, and forms a carbon-like precipitate. 
This is usually indicative of an oil that has been refined by acid treatment. 

HerschePs Demulsibility Test.'*^ Method 320.31 , — The test is applicable 
to non-emulsifying oils, such as are used with high speed engines and turbines, 
and in its present form does not apply to steam cylinder or other compounded 
oils. It is made as follows: 

Twenty ml. of oil and 40 ml. of distilled water are placed in a 100 ml. 
cylinder having an inside diameter of 2.6 cm. and heated to 55®. The oil and 
water are then mixed or emulsified by stirring with a paddle for five minutes at a 
speed of 1500 K.P.M, The paddle is simply a metal plate 89 by 20 by 1.5 mm. 
thick, conveniently driven by an electric motor. 

The rate at which the oil settles out from the emulsion, when it is allowed 
to stand at a temperature of 55° C. is a measure of the emulsibility of the oil. 
There is a tendency for the rate of settling out of the oil to increase up to a 
maximum and then decrease, and we may take readings every five minutes 
(or every minute if the oil separates out rapidly) and note the maximum rate. 
For example, the following readings were obtained for a certain oil : 


Time 

Time Since 
Stopping Paddle 

Heading of Cylinder 
at Top of Etnuleion ' 

Ml. of Oil 
Settled Out 

Hate of Settling 
Ml. per Hour 

9.50 ! 

0 1 

60 ! 

0 

0 

9.55 

5 ^ 

57 

3 

36 

10.02 ' 

' 12 1 

47 

13 

65 

10.05 

15 

43 

19 

68 

10.10 

20 

41 1 

17 

57 


The maximum rate is here 68 ml. per hour, and this is called the demiih 
eibility.'^ The best transformer, motor, and turbine oils settle out in one 
minute or less, so that if we take readings to even minutes and even ml., tlie 
rate would be 1200. Oils are found with rates all the way down from tlu^ 
maximum rate to zero. 

*» Bur. Mines Bull. 323B. 
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It has been found necessary to shake the container holding the sample of 
oil if it has been allowed to stand for some time, or otherwise the oil poured off 
from the top may show a different rate of settling from the oil at the bottom. 
It is also necessary to protect the oil from sunlight which has the effect of 
decreasing the rate of settling. 

With some oils, under certain conditions, part of the water does not enter 
into the emulsion and drops of oil adhere to the sides of the cylinder. When 
this phenomenon occurs, the rate of settling, indicated by the test, is apt to be 
incorrectly high. The adhering drops may be avoided by using a lower speed 
or less water, the total quantity of oil and water being kept equal to 60 ml. 
If part of the water does not enter into the emulsion, but we do not have the 
above described phenomenon, complete emulsification may sometimes be 
obtained by prolonging the stirring beyond five minutes, or by increasing the 
speed. 

Friction Tests. — The writer doubts if friction tests are worth the outlay 
for a machine and the time expended in their execution. Without question 
they do determine the relative efficiency as regards lubricating power of dif- 
ferent oils, but the conditions under which the test is made seldom occur in 
practice; the bearings upon which the oil is tested are as nearly perfect as can 
be made, and thfr feed and load are as regular as is possible ; in other words, the 
conditions are ideal. 

The lubricating power of an oil is so closely related to its viscosity that the 
author believes that results of more practical value can be obtained by the 
determination of the viscosity of the oils, and subsequent observation of their 
behavior in actual use than by the longer and more troublesome friction test. 
Recent experiments,^ however, have shown that of two oils of the same vis- 
cosity and other constants the coefficient of friction of one was 14% less than 
the other. 

In case, however, it be desired to make the friction test, the followmg 
machines, it is believed, will be found to be most satisfactory for the purpose . 

For spindle oils and light lubricating oils, the machine of the Thurston 
type which can be run at the highest speed and lowest pressure. 

For heavy oils and railroad work, the large machine of the Thurston ^ type, 
described also in Redwood Treatise on Petroleum, III, 851 (1922) , also in 

Archbutt and Deeley.^* , ^ j j 

Color. — This is determined with the Union Colorimeter which uses standard 

glass plates, A. S. T. M. D 155-34 T, 

Brannt, ^‘Petroleum and its Products,^' p. 510; Woodbuiy, vide infra. 

** Trans. Am. Soc. Mech. Eng., 32, 834, 1910. 

Made by Olsen or Riehl6 Bros., Philadelphia, ra. 

** “Lubrication and Lubricants," 1907, pp. 332-348. 

« Ibid., pp. 355, 359. 
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LIQUID FUELS 

(a) Gasoline. The tests usually made are col or, doctor test,^ corrosion, 
distillation, acidity, and sulfur. 

The color, acidity, and sulfur tests are made as with kerosene. 

The doctor test (sodium plumhite) is made as follows 

Doctor Test (Sodium Plumbite) 

Preparation of Reagents: (i) Sorfium plumbite {doctor solution). — Dissolve 
approximately 125 grams of sodium hydroxide (NaOH) in 1 liter of distilled 
water. Add 60 grains of litharge (PbO) and shake vigorously for 15 minutes 
or let stand with occasional shaking for at least a day. Allow to settle and 
decant or siphon off the clear liquid. Filtration through a mat of asbestos 
may be employed if the solution does not settle clear. The solution should be 
kept in a tightly corked bottle and should be refiltered before use if not perfectly 
clear. 

(2) Sulfur. — Pure, dry flowers of sulfur. 

Making of Test. — Shake vigorously together in a test tube 10 ml. of the 
sample to be tested and 5 ml. of sodium plumbite solution for about 15 seconds. 
Add a small pinch of flowers of sulfur, again shake for 15 seconds, and allow to 
settle. The quantity of sulfur used should be such that practically all of it 
floats on the interface between the sample and the sodium-plumbite solution. 

Interpretation of Results. — If the sample is discolored, or if the yellow color 
of the sulfur film is noticeably masked, the test shall be reported as positive and 
the sample condemned as “ sour,'’ If the sample remains unchanged in color, 
and if the sulfur film is bright yellow or only slightly discolored with gray or 
flecked with black, the test shall be reported negative and the sample considered 
“ sweet.'' 


Corrosion Test (Copper Dish) 

Apparatus. — A freshly polished hemispherical dish of spun copper ap- 
approximately 33^ inches in diameter. 

Making of Test. — Place 100 ml. of the gasoline to be examined in the dish 
and place the dish in an opening of an actively boiling steam bath, so that the 
steam comes in contact with the outer surface of the dish up to the level of the 
gasoline. Ijeave the dish on the steam bath until all volatile material has 
disappeared. 

Interpretation of the Results. — If the gasoline contains dissolved elementary 
sulfur or corrosive sulfur compounds, the bottom of the dish will be colored 
gray or black. 

If the gasoline contains undesirable gum-forming constituents, there will 
be a weighable amount of gum deposited on the dish. Acid residues will show 
as gum in this test. 

^ EglofT says these tests will .iot long be required on account of expense and also 
that in the refining valuable anti-knock compounds are removed. 

Tech. Paper 323B. 
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STANDARD METHOD OF TEST FOR DETECTION OF FREE 
SULFUR AND CORROSIVE SULFUR COMPOUNDS IN 
GASOLINE « 

A. S. T. M. Designation: D 130-30 

This method of test shall be used for the detection of free sulfur and corrosive 
sulfur compounds in gasoline. 

Procedure. — A clean strip of mechanically polished pure sheet copper about 
in. in width and 3 in. in length shall be placed in a suitable clean tube or 
sample bottle. Gasoline under test shall be added so that the copper strip is 
completely immersed. The test tube or sample bottle shall be closed with a 
loosely fitting cork and held in a suitable bath at 122® F. (50® C.), 

At the end of three hours the gasoline exposed strip shall be removed and 
shall be compared with a similar strip of freshly polished copper. 

Detection of Sulfur. — The presence of sulfur or corrosive sulfur compounds is 
indicated by the corrosion or discoloration of the gasoline exposed strip when 
compared with the fresh copper strip. 

(a) Gasoline shall be reported as passing the test when on examination 
the exposed strip shows not more than extremely slight discoloration as com- 
pared with the fresh copper strip. 

{b) Gasoline shall be reported as not passing the test when on examination 
the exposed strip shows more than extremely slight discoloration as compared 
with the fresh copper strip. 


Distillation of Gasoline 


Apparatus and Procedure .—The apparatus and procedure have been given 
in method D 80-35, p. 1705: 

Significance of Test.— R. E. Wilson “ says, the 10% point is the best 
indication of case of starting, vapor lock (that is stopping of engine by too 
volatile gasoline), and evaporation loss. The 50% point is important for 
good acceleration. The 90% point is related to the dew point and controls 
crank case dilution. 

Octane Number is the per cent by volume of iso octane in a mixture of 
iso octane and normal heptane required to match the antiknock value of a given 
fuel. 


Under the standardization procedure of the Society, this method is under the 
jurisdiction of the A. S. T. M. Committee D-2 on Petroleum Products and Lubricant 
Reproduced through the courtesy of the American bociety for Testmg Materials, 

2()0 8. Broad St., Philadelphia, Pa. . i.v c i 

“This method is issued under the fixed de^signation D 1^; the final number indi- 
cates the year of original adoption as standard or. in the ca^ of revision the y^r of to 
revision. Issued a.s Tentative, 1922; Adopted in Amended Form, 1930. This method 
lias been approved aa American Standard by the American Standards Association. 

“ Chem. Abs. 27, 184. 
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FUEL OILS 

The tests usually made are flash, viscosity, sulfur, water and sediment. 


STANDARD METHOD OF TEST FOR FLASH POINT BY MEANS OF 
THE PENSKY-MARTENS CLOSED TESTER" 

A. S. T. M. Designation": D 93-36 “ 

The A. S. T. M. standard Pensky- Martens closed tester shall be used for 
determining the flash point of fuel oil unless the use of the Tag closed tester is 
specified. In addition, a modified form of this method as described sub- 
sequently is used for the determination of the flash point of cut-back asphalts 
and other viscous materials and sus}>ension8 of solids. 

Apparatus, — The A. S. T. M. Pensky-Martens tester, a diagram of which 
appears in Fig. 250, shall include the following major parts : 

(a) Cu^. — The cup shall be made of brass and shall satisfy the following 
dimensional specifications : 




Inches 


Centimeters 

Dimenaiona 

Mini- 

mum 

Nor- 

mal 

Maxi- 

mum 

Mini- ' 
muni 

Nor- 

mal 

Maxi- 

mum 

Inside diameter below filling mark 

Difference, inside and outside diameters be- 

1.950 

2.000 

2.050 

4.953 

1 

5.080 

5.207 

low filling mark 

0.120 

0.125 

0.130 i 

0.305 

0.318 

0.330 

Tn^idp height 

2.1.50 

2.20(J 

2.250 

5.461 

5.588 

5.715 

Thickness of bottom 

0.070 

0.095 i 

0.120 

0.178' 

0.241 

0.305 

Distance from rim to filling mark 

Distance lower surface flange to bottom of 

0.845 

1 

0.860 

0.875 

2.146 

2.184 

2.223 

cup i 

1.780 

1.795 

i 

1.810 

4.521 

4.559 

4.597 


The inside of the cup may be turned to a slightly larger diameter above the 
filling mark and the outside may be tapered above the flange but the wall 
thickness at the upper edge shall be not less than 0.04 in. (0.102 cm.). The 
flange should be approximately O.o in. (1.27 cm.) wide and approximately 
0.125 in. (0.318 cm.) thick. It shall be equipped with devices for locating the 
position of the lid on the cup and the cup in the stove. A handle, attached 
permanently to the flange of the cup, is a desirable accessory. 

"Under the standardization procedure of the Society, this method is under Ihc 
jurisdiction of the A. S. T. M. Committee D-2 on Petroleum Products and Lubricant 
Reproduced through the courtesy of the American Society for Testing Materials, 
260 S. Broad St., l^iladelphia, Pa. 

“ This method is issued under the fixed deai^ation D 93; the final number indicates 
the year of original adoption at. standard or, in the case of revision, tiie year of 
revision. Issued as Tentative, ; Adopted in Amended Form, 19!S; Revised, 19 *^y 
This method has been approved as Ambricax Stajcdard by the American Standar ds 
Association. 
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(b) Lid.-- 

(/) Stirring Device . — The - lid shall be equipped with a stirring device 
consisting of a vertical steel shaft, not less than 0.1 in. (0.254 cm.) nor more 
than 0.125 in. (0.318 cm.) in diameter, mounted in the center of the cup, and 
carrying two two-bladed brass propellers. The blade.s of both propellers shall 
be approximately 0.313 in. (0.795 cm.) wide and shall be set at an angle of 



approximately 45°. The smaller (upper) propeUer shall 
diameter of approximately 0.75 in. (1.905 cm.) The l“ger (low) propeller 
shall have an over-all diameter between 1.25 and 1.75 m. ^ m 145 cm ) 

The thickness of the propeller blades shall be not less an . * L gi ^ +q 

«or more than 0.081 in. (0.206 cm.), which hmits correspond respectively to 
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No. 15 and No. 12 B. and S. gage sheet brass. The collars on which the pro- 
peller blades are mounted shall have horizontal and vertical dimensions not 
greater than 0.4 in. (1.016 cm.). 

The plane of the center of the upper propeller shall be 0.4 in. (1.016 cm.) 
below the level of the rim of the cup. The plane of the center of the lower pro- 
peller shall be 2,0 in. (5.08 cm.) below the level of the rim of the cup. The level 
of the rim of the cup is in effect the level of the plane part of the portion of the 
lower surface of the lid inside the rim. 

{Z) Cover proper , — The cover proper shall be of brass and shall have a rim 
projecting downward almost to the flange of the cup and fitting the outside of 
the cup closely. The thickness of the cover, measured just inside the rim shall 
be not less than 0.031 in. (0.079 cm.) nor more than 0.078 in. (0.198 cm.). 
There shall be a proper locating device engaging with a corresponding locating 
device on the flange of the cup. 

There shall be four openings in the cover, as indicated in Fig. 251. 



Flo. 251. — Cover for A. S. T, M. Standard Pensky-Martcns Tester. 

Opening A is an area defined by arcs of two concentric circles and the inter- 
sected lengths of two radii. Ihe radius of the outer circle shall be not less th-'^^^ 
0.938 in. (2.383 cm.) nor more than 0.969 in. (2.461 cm.}. The radius of tlic 
inner circle shall be not less than 0,531 in. (1.349 cm.) nor more than 0.563 ni. 
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(1.430 cm.). The chord of the arc of the outer circle shall be not less than 
0.500 in. (1.270 cm.), nor more than 0.540 in. (1.372 cm.). 

Openings B and C are equal areas, each of the same general form as opening 
A but of approximately half the (angular) width. The radii of the defining 
inner and outer circles shall be within the limits specified for the radii of the 
two circles, arcs of which partly define opening A. The chord of the outer arc 
for opening B or opening C shall be not less than 0.187 in. (0.475 cm.) nor more 
than 0.219 in. (0.556 cm.). The sum of the areas of openings B and C shall 
be not less than 75% nor more than 100% of the area of opening A. Openings 
B and C shall be equally distant from opening A and radii drawn through each 
of their centers shall be at an angle of not less than 135^ nor more than 140®. 

Openings A, B, and C need not conform exactly to the shape of geometrical 
figures bounded by arcs of two concentric circles and intersected lengths of 
radii. Their boundaries must, however, fall on or between the lines indicated 
by the limiting values of the dimensional specification of the preceding text 
and of Fig. 251. 

Opening D is for a thermometer collar. Its center is approximately 0.75 in, 
(1.905 cm.) from the center of the lid and on a radius at an angle of not less 
than 50® nor more than 60® from a radius pas.sing through the center of opening 
C. The thermometer collar shall have an inside diameter of approximately 
0.5 in. (1.27 cm.). It shall be set at an angle of not less than 10® nor more than 
15® from the perpendicular. 

(3) Shutter . — The lid shall be equipped with a brass shutter, approximately 
0.094 in. (0.239 cm.) tliick operating on the plane of the upper surface of the lid. 
The shutter shall be .so shaped and mounted that it rotates on the axis of the 
horizontal center of the lid between two stops so placed that when in one extreme 
position the openings A, /i, and C of the lid arc completely closed and when in 
the other e.xtreme ])o.sition these orifices are completely opened. 

(4) Flame exposure device . — The flame exposure device shall have a tip 
with an opening 0.027 in. (0.069 cm.) to 0.031 in. (0.079 cm.) in diameter. 
The flame exposure device shall be equipped with an operating mechanism 
which, when the shutter is in the open ” position, depresses the tip so that 
the center of the orifice is between the planes of the under and upper surfaces 
of the lid proper at a point on a radius passing through the center of the larger 
opening A and approximately 0.1 in. (0.254 cm.) from the outer edge of the 
0])cning. 

Note. — A pilot flame for automatic relighting of the exposure flame should be 
provided, 

A bead 0.156 in. (0.397 cm.) in diameter, of some suitable material, may be mounted 
on the lid so that tlic size of the test flame can be regulated by comparison. 

The mechanism operating the shutter should be of the spring type and constructed 
so that when at rest the shutter sliall exactly close the three openings. When operated 
to the other extreme the three openings in the lid shall be exactly open and the tip 
of the exposure tube shall be fully depressed. 

(c) S/ovc.—Heat shall be supplied to the cup by means of a properly 
designed stove which is equivalent to an air bath. This stove shall consist of 
(1) an air bath and (2) a top plate on which the flange of the cup rests. 

(I) Air baih.^The air bath shall have a cylindrical interior 1.625 in. 
UA28 cm.) to 1.656 in. (4.206 cm.) deep and a diameter not less than 0.125 in. 
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(0.317 cm,) nor more than 0.156 in. (0,396 cm.) greater than the outside diam- 
eter of the cup. The air bath may be either a flame heated metal casting or 
an electric resistance element. 

Note. — If the heating element is a flame-heated met^ casting it shall he so designed 
and used that the temperature of bottom and walls is approximately the same. On 
this account it should be not less than 0.25 in. (0.635 cm.) thick. The casting shall be 
designed so that products of combustion of the flame cannot pass up and in contact 
with the cup. 

If the air bath is of the electric resistance ty^ it shall be constructed so that all 
parts of the interior surface are heated equally. This necessitates an even distribution 
of resistance vNure over bottom and walls and a method of construction such that heat 
is given out from the whole core of the resistance element rather than directly from 
the wire. 

(2) Top plate , — The top plate shall be of metal. The total distance from 
the upper surface of the plate to the bottom of the air bath shall exceed the 
distance from the under surface of the flange to the bottom of the cup by not 
less than 0.063 in. (0.160 cm.) nor more than 0.125 in. (0,317 cm.). 

The top plate shall be mounted with an air gap between it and the air bath. 
The top plate may be attached to the air bath by means of three screws and 
spacing bushings. The spacing bushings should be of proper thickness to 
define the air gap which shall be not less than 0.125 in. (0.317 cm.) nor more 
than 0.187 in. (0.475 cm.). The spacing bushings shall be not more than 

O. 375 in. (0.952 cm.) in diameter. 

(d) Thermometers. — T^vo standard thermometers shall be used with the 
A. S. T. M. Pensky- Martens tester. The low range, " A. S. T. M, P.M. and 
Tag ” thermometer shall be used for tests when the indicated reading falls 
within the limits 20° to 200° F, The A, S. T. M. P.M. high ” thermometer 
shall be used for tests when the indicated reading falls within the limits 230° to 
700° F. For the range 200° to 230° F. either thermometer may be employed, 
depending on the convenience of the operator. The thermometers shall comply 
with the requirements given in Tables I and II. The Low Range " A. S. T. M. 

P. M. and Tag ” thermometer specifications cover a special thermometer 
graduated in either Centigrade or Fahrenheit degrees as specified, the ranges 
being —7° to +110° C. or +20° to +230° F., respectively. The high range 
“ A. S. T. M. P.M. high thermometer specifications cover a special ther- 
mometer graduated in either Centigrade or Fahrenheit degrees as specified, 
the ranges being 90° to 370° C. or 200° to 700° F., respectively. 

Thermometers shall be mounted so that the bottom of the bulb is 1.75 in. 
(4.445 cm.) below the level of the rim of the cup (which corresponds to the level 
of the lower surface of the portion of the lid inside the rim). 

TABLE L— Specifications for Low Range “A. S. T. M. P.M. and Tag’' 
Thermometer ” 


Type : Etched stem, glass. 

Liquid: Mercury. 

Range and Subdivision: —7° to +110° C. in 0..5°C. or +20° to +230° F. in r F 
Total Length: 273 to 277 mm. (10.75 to 10.92 in.). 

“The low range “A. S. T. M. P.M. and Tag” thermometer is the same instrum^nt 
as that specified for use with the Tag closed U-ster, see the Standard Method nf y'^ 
for Flash Point by Mean.s of Tag Closed TesttT (A. S, T. M. Designation: D 66) of tn^ 
American Society for Testii^ Materials, see 1936 Book of A. S. T. M. Standards, Part U- 
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Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6.0 to 7.0 
mm. (0.24 to 0,28 in,). 

Bulb: Coming nonnal or equally suitable thermometrie glass. 

Length, 9 to 13 nun. (0.35 to 0.51 in.). 

Diameter, not peater than stem. 

Distance to —7“ C. or +20*’ F. Line prom Bottom op Bulb: 76 to 90 mm. (2.93 
to 3.54 in.). 

Distance to 110® 0. on 230® F. Line prom Top of Tiiekmometeb: 25 to 40 mm. 
(0.98 to 1.57 in.). ^ , 

Expansion Chamber: To permit heating the thermometer at least 50 C- (90 T.) 
above highest temperature on scale. 

FilliNO above Mercury: Nitrogen gas. 

Top Finish: Glass ring. 

Graduation: All lines, figures, and letters clear cut and distinct. The whole degi^ 
Centigrade lines or the first and each succeeding 5® F. line to be lo^^^ ^ 
remaining lines. Graduations to be numbered at each multiple of 5® C. or 10 r. 

Immersion: 57 mm. or 2)^ in. The words ‘'57-mm. immersion” on Centigrade or 
immersion” on Fahrenheit thermometers and a line around the stem 
57.0 mm. or 2.25 in. above the bottom of the bulb shall be etched on the ther- 
mometer. 

Special Marking: “A. S. T. M. P.M. and Tag./ a serial number and the manu- 
facturer's name or trade mark, shall be etched on the stem, ^ i 

Scale Error; The error at any point of the scale when the thermometer is stand- 
ardized £LS provided below shall not exceed 0.5® C. or F., respectively. 

Standardization: The thermometer shall be standardized at the me point and at 
intervals of .-ipproximately 30“ C. or 50“ F. for 57-mm. or 2ii-m. immersion and 
for the following temperatures of the emergent mercury column: 


Thermometer Reading 

20“ C. 70“ F, 
40° C. 

70° C. 

100° C. 


Average Temperature of Einergcat 
Mereury Column 


20'° C. 

IQO® F 31® C. 

2^24: ::::::::: 4s®a 


70® F. 
86? F. 
104® F. 
118® F. 


CSB. The e^rmometer ^haU ^^.^pliod ta a suitaWe 

+ 2 V to +230“ F/’accorLg to the type of thermometer. 

'w.-For tiie purpose of interpreting these specifications the foUowing defim- 
Ttetotol length is the over-all length of the finished instrument. 

Th: Sli^iif ill Mb" Ml^ d.sSnJ;S tllbottom of the bulb to the beginning 
The top oVtli: toermomefer is the top of the finished instrument. 

TABLE II.-^rBCiFicATicNs for High Range “A. S, T. M. P.M. High 
Thermometer 

Type; Etched stem, gla^s. 

fi0“ to OTOJC. in 2"a or 200“ to 700“F. in 5“F. 

P,“nfen:md bTk/suitobi: thermometer tubing. Diameto, 6.0 to 7.0 
mm. (0.24 to 0.28 in.). 

Bulb: Corning normal or equally suitable ther 
Length, not over 10 mm. (0.39 m.). 

D.sx“r 93 “cT/"ioT. .hom Bottom or Bunn: 75 to 90 mm. (2.93 to 

IteT^cn TO 371“ C. OB 700“ F. to rnoM Top or THnuMOMn^n: 25 to 40 mm. 
(0.98 to 1,57 in.). 
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Filling above Mercttrt: Nitrogen gas. 

Top Finish: Glass ring. 

Graduation: All lines, figures, and letters clear cut and distinct. The first and each 
succeeding 10° C. or 25° F. line to be longer than the remaining lines. Graduations 
to be numbered at multiples of 20° C. or 50° F. 

Immersion: 57 mm, or in- The words “57-mm. immersion” on Centigrade ther- 
mometers or immersion” on Fahrenheit thermometers and a line around 

the stem 57.0 ram. or 2.25 in. above the bottom of the bulb shall be etched on the 
thermometer. 

Special Marking: “A. S. T. M. P.M. High,” a serial number and the manufacturer’s 
name or trade mark shall be etched on the stem. 

Scale Error: The error at any point of the scale when the thermometer is stand- 
ardized as described below shall not exceed 1° C, or 234*^ F- 

Standardization: The thermometer shall be standardized at intervals of approxi- 
mately 50° C. or 100° F. for 57-nira. or 23>^-in. immersion and for the following 
tenii>eratiu'es of the emergent mercury column : 


Average Temperature of Emergent 

Thermometer Reading Mercury Column 


100° C. 200° F. 
150° C. 300° F. 
200° C. 400° F. 
250° C. 500° F. 
300° C. 600° F. 
350° C. 700° F. 


61° C. 140° F. 
65° C. 149° F. 
71° C. 160° F. 
78° C. 175° F. 
87° C. 195° F. 
99° C. 220° F. 


Test for Permanency of Range: After being subjected to a temperature between 
360° and 370° C. or 680° and 700° F. for 24 hours, the accuracy shall be within 
the limit specified. The test shall be made under the immersion conditions speci- 
fied for this thermometer. 

Case: The thermometer shall be supplied in a suitable case on which shall appear 
the marking: ”A. S. T. M. P.M. High, 90° to 370° C.” or “A. S. T. M. P.M. High, 
200° to 700° F.” according to the type of thermometer. 

Note. — For the purpose of interpreting thewi specifications the following defini- 
tions apply : 

The total length is the over-all length of the finished imstnimcnt. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the beginning 
of the enamel backing. 

The top of the thermometer is the top of the finished instrument. 

Procedure. — (a) All parts of the cup and its accessories shall be thoroughly 
clean and dry before the test is started. Particular care shall be taken to avoid 
the presence of any gasoline or naphtha used to clean the apparatus after a 
previous test. 

(5) The cup shall be filled with the oil to be tested up to the level indicated 
by the filling mark. 

(c) The lid shall be placed on the cup and the latter set in the stove. Care 
shall be taken to have the locating devices properly engaged. The thermometer 
shall be inserted. If it is known that the oil will flash above 220° F. the 
“ A. 8. T. M. P.M. High ” thermometer may be selected; otherwise, it is prefer- 
able to start with the “ A. 8. T. M. P.M. and Tag ” thermometer and change in 
case a temperature of 220 to 230^ F. is reached. 

(d) The test flame shall be rghted and adjusted so that it is of the size of a 
bead ^ in. (3.97 mm.) in diameter. 

(e) Heat shall be supplied at such a rate that the temperature read on the 
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thermometer increases not less than 9 nor more than 11® F, per minute. The 
stirrer shall be turned at a rate of from 1 to 2 revolutions per second. 

(/) Application of the test flame shall be made at each temperature reading 
which is a multiple of 2° F. up to 220° F. For the temperature range above 
220® F., application shall be made at each temperature reading which is a 
multiple of 5® F. The first application of the test flame shall be made at a 
temperature at least 30® F, below the actual flash point. Application of the 
test flame shall be made by operating the device controlling the shutter and 
test flame burner so that the flame is lowered in one-half second, left in its 
lowered position for one second ^ and quickly raised to its high position. Stirring 
shall be discontinued during the application of the test flame. 

Flash Point. — The flash point is taken as the temperature read on the 
thermometer at the time of the flame application that causes a distinct flash in 
the interior of the cup. The true flash must not be confused with the bluish 
halo that sometimes surrounds tlie test flame for the applications preceding the 
one that causes the actual flash. 

Barometric Pressure. — The barometric pressure shall be observed and re- 
corded. No corrections shall be made except in case of dispute when the flash 
point figure shall be corrected according to the following rule: 

For each inch (25 mm.) below 29.92 in. (760 mm.) barometric reading add 
1.6® F. to the flash point. 

For each inch (25 mm.) above 29.92 in. (760 mm.) barometric reading 
subtract 1.6® F. from the flash point. 

Determination of Flash Point of Cut-Back Asphalts and Other Viscous 
Materials and Suspensions of Solids. — The apparatus shall consist of the 

following: r • 

(a) Pensky- Martens tester as described above except that the stirrer shall 
be mechanically operated to stir in a downward direction at a speed of 70 to 


80 r.p.m. 

(6) Low-range thermometer as specified in Table I. 

Procedure.— The material to be tested and the tester shall be brought to a 
temperature 30® F. lower than the estimated flash point. The air space between 
the cup and the interior of the air bath shall be completely filled with water at 
the temperature of the tester and material. The temperature shall be raised 
throughout the duration of the test at a rate of not less than 4 nor more than 
6 F. per min. With the exception of this requirement for rate of heating and 
the rate of stirring of 70 to 80 r.p.m., specified in Section 6 (o), the procedure 
shall be the same as that prescribed in the Standard Method of Test for Flash 
Point by Means of the Tag Closed Tester (A. S. T. M. Designation. D 56) of 
the American Society for Testing Materials.®'* .u to u 

Accuracy —Duplicate tests should not differ by more than 5 i?. 

« 1936 Book of A. S. T- M, Standards, Part II- 
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STANDARD METHOD OF TEST FOR FLASH POINT BY MEANS 
OF THE TAG CLOSED TESTERS 

A. S. T, M. Designation : D 50-36 “ 

Scope. — The Tag closed tester shall be used for determining the flash point 
of all mobile liquids flashing below 175° F., with the exception of products 
classed as fuel oil which are preferably tested with the Pensky- Martens Closed 
Tester as described in the Standard Method of Test for Flash Point by Means 
of the Pcnsky-Martens Closed Tester (A. S. T. M. Designation : D 93) of the 
American Society for Testing Materials. Provision is made in later Sections 
of this method for determining the flash point of lacquer solvents or diluents 
of low flash points. 

Tag Closed Tester, a diagram of which appears in Fig. 252, shall conform 
to the following dimensional requirements within the permissible variations 
shown : 


Dimeosioos 

1 


Inches 

! 

1 

Cent imeters 

Mini' 

mvim 

Nor- 

mal 

Maxi- 

mum 

' Mini- 
1 mum 

Nor- 

mal 

Maxi- 

mum 

Depth of water surface below top of cup . . . , ' 
Depth of oil surface below' top of cup 

Uh 

1 

l^V 

1 1.’.- 1 

, 2.7-1 

2.78 

2. 82 

l-ii ! 


lu ’ 

i 2.90 

2.91 

2.98 

Depth of top of bulb of oil thermometer w’hen 
in place below top of cup 

l^r 

lA 

M H 

1 

! :h2.5 

:i.3.3 1 

3.41 

Inside diameter of oil cup at top ■ 



1 2i‘i}'*ff ' 

1 5.:i9 ! 

5.40 1 

5.41 

Diameter of bead on top of cover 

* 

A 

1 64 

0.36 

0.40 1 

0.44 

Weight of oil cup I 


1 “ 


L_Z.J 

07 to 

1 

j 69 g. 


The plane of underside of cover shall be between the top and bottom of the 
burner tip when the tip is fully depres.sed. 

Thermometer. — Tw'o thermometers are required, one for measuring the 
temperature of the sample under test, the other for measuring the temperature 
of the bath. Each of these thermometers shall conform to the following n'- 
quirements. These specifications cover a special thermometer graduated in 
either Centigrade or Fahrenheit degrees as specified, the ranges being —7° 
to +110° C. or +20° to +230° F., respectively: 

Type: Etched stem, glass. 

Liquid: Mercury. 

Ranoe and Subdivision: —7® to +U0'’C. in 0..Y C. or +20"' to +230"’ F. in IM-'. 
Total Length: 273 to 277 mm. (10.75 to 10.92 in.). 

“ Under the standardization procedure of the Society, this method is under the 
ioint jurisdiction of A. S. T. M. Committee D-1 on Paint, Varnish, lacquer, and Ke- 
lated Products, and Committee D-2 on Petroleum Products and I.uhri cants. Repro- 
duced through the courtesy of the American Society for Testing Materials, 260 S. Broad 
St., Philadelphia, Pa. 

“ This mcth(^ is issued under the fixed designation D .56; the final number indicates 
the year of original adoption as ..'^andard or, in the case of revision, the year of 
revision. Issu^ as Tentative, 191h; Adoptcfl in Amended Form, 1919; Revised, I92b 
1936. ^ r r r 

W 1936 Book of A. S. T. M. Standards, Part II, p. 897. 
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Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6.0 to 7.0 
mm. (0.24 to 0.28 in.). 

Bui£ : Corning normal or equally suitable thermometric glass. 

Length, 9 to 13 mm. (0.35 to 0.51 in.). 

Diameter, not greater than stem. 

Distance to —7“ C. on +20° F. Line from Bottom of Bulb: 75 to 90 mm. (2.93 
to 3,54 in.). 

Distance to 110° C. or 230° F. Line from Top or Thermometer; 25 to 40 mm. 
(0.98 to 1.57 in.). 

Expansion Chamber: To permit heating the thermometer at least 50° C. (90° F.) 

above highest temperature on scale. 

Filling above Mercury; Nitrogen gas. 

Top Finish: Glass ring. 

Gb.adu.^tion: All lines, figures, and letters clear cut and distinct. The whole degree 
Centigrade lines or the first and each succeeding 5° F. line to bo longer than the 
remaining lines. Graduations to be numbered at each multiple of 5° C. or 10° F. 
Immersion: 57 mm. or 2}4 in. The words “57-mm. immersion’^ on Centigrade or 
“2^-in. immersion” on Fahrenheit thermometers and a line around the stem 
57.0 mm. or 2.25 in. above the bottom of the bulb shall be etched on the ther- 
mometer. 

Speci.u, Marking:*® “A, S. T. M. P.M. and Tag.,” a serial number and the manu- 
facturer’s name or trade mark shall be etched on the stem. 

Scale Error: The error at any point of the scale when the thermometer is stand- 
ardLaed as provided below- shall not exceed 0.5° C. or 1° F., respectively. 
Stanoardiz.ation: The thermometer shall be standardized at the ice point and at 
intervals of approximately 30° C. or 50° F. for 57-min. or 2)-+ in. immersion and 
for the following temperatures of the emergent mercury column: 

Average Temperature of Emergent 

Thermometer Reading Mercury Column 

20° C. 70° F 20° C. 70° F. 

40° C. 100° F 31° C, 86° F, 

70° C. 1.50° F 40° C. 104° F. 

100° C. 212° F 48° C. 118° F. 

Case: The thermometer shall be supplied in a suitable case on which shall appear 
the marking: “A. S. T. M. P.M. and Tag,, —7° to +110° C.” or ”A. 8. T. M. 
P.M. and Tag., +20° to +230° F.” according to the type of thermometer. 

Note. — For the purpose of interpreting these specifications the following defini- 
tions apply : 

The total length is the over-all length of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the beginning 
of the enamel backing. 

The top of the thermometer is the top of the finished in.strument. 

Procedure. — (a) The test shall be performed in a room or compartment 
darkened sufficiently to permit ready detection of the flash. 

(b) Care shall Vie taken to have the tester level and steady. It shall be 
surrounded on three sides by an enclosure for protection from drafts. (A 
shield 18 in. square and 24 in. in height, open in front, is suggested. Tests 
made in a laboratory hood or near ventilators are not to be relied upon.) 

(c) Gas may be used for the test flame and for heating the water bath. 
If gas is not available for the test flame, a wick of cotton cord may be inserted 

“ This thermometer is identical with the low range instrument specified for use with 
the A. S. T. M. Pen.sky-Marten.s dosed Tester and described in the Standard MetlaHl 
of Teat for Flash Point by Means of the Pensky-Martens (Uosed Tester (A. S. T. M* 
Designation: D 93) of the American Society for Testing Materials, see 1936 Book of 
A. S. T. M. SUndards, Part 11, p. 897. 
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in the burner tip, a small quantity of cotton waste placed in the oil chamber to 
which the burner tip is attached and the chamber filled with signal, sperm, or 
lard oil. An alcohol lamp may be used for heating the water bath as a substi- 
tute for gas. 

The water bath thermometer shall be placed in the collar provided for it 
and the bath filled with water until it overflows. The temperature of the 
water in the bath shall be such that when testing is started it will be at least 
20° F, (11° C.) below the probable flash point of the oil to be tested. 

The oil cup shall be placed in its proper position in the water bath and 50 ml. 
of the oil to be tested shall be measured into it, using an accurate graduate or 
other measuring device for the purpose. The temperature of the oil shall be 
at least 20° F. (11° C.) below its probable flash point when the test is started. 
Air bubbles on the surface of the oil shall be destroyed, and the cover with the 
flash point thermometer in place shall then be properly attached to the bath 
collar. The test flame shall be lighted, the flame being adjusted to the size 
of the small white bead on the cover. 

The gas burner or alcohol lamp shall be centrally placed in the base of the 
tester and lighted. The flame shall be so adjusted that the temperature of the 
oil in the cup rises at the rate of 1.8° F. (1° C.) per min. as closely as possible, 
but in any case not faster than 2° F. (1.1° C.) nor slower than 1.6° F, (0.9° C.) 
per min. 

(a) The barometric pressure shall be recorded. If a barometer is not 
available, the figure may be obtained from the nearest Weather Bureau Station 
and ail appropriate correction made for difference in altitude between such 
station and the laboratory. 

(b) The initial tornjierature of the oil shall be recorded. 

(c) When the temperature of the oil is 9° F. (5° C.) below its probable flash 
point, the knob on the cover shall be turned in such a manner as to introduce 
the test flame into the vapor space of the cup, and immediately turned back 
again. The time consumed in turning the knob down and back shall be about 
one full second, or tlie time required to pronounce distinctly the words thous- 
and and one.” 

(d) The time at which the first introduction of the test flame is made and 
the temperature of the oil shall be recorded. 

(c) The application of the test flame shall be repeated after each 1° F. 
(0.5° C.) rise in temperature of the oil until a distinct flash in the interior of the 
cup is observed. Tlie true flash must not be confused ivith the bluish halo 
which sometimes surrounds the test flame during applications immediately 

preceding the actual flasli. . ^ 

(/) The time and the temperature of the oil when the flash point is reached 

shall be recorded. i. -t ^ r • r 

Repeat Tests.— («) If the rise in temperature of the oil from the time of 
making the first introduction of the test flame to the time at which the flash 
point is observed was more rapid than 2” F. (1.1° C.), or slower than 1.6 F 
(0.9° C.) per min., the te.st shall be repeated, adjusting the gas burner or alcohol 

lamp to the proper rate of heating. ,, w 

(6) It is not necessary to turn off the test flame with the small regulatmg 
Valve on the cover ; it may be left adjusted to the proper size of flame. ^ 

(c) After completing the preliminary test to determine the approximate 
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flash point, the burner or lamp shall be removed, the oil cover lifted and the 
thermometer bulb carefully wiped off. The oil cup shall be removed, emptied, 
and carefully wiped until dry. 

(d) The temperature of the bath shall be lowered by the addition of cold 
water until it is 15'" F. (8° C.) below the flash point of the oil as shown by the 
preliminary test. 

{e) The oil cup shall be replaced and a fresh 50-ml. sample measured into it. 
The test procedure, as described above, shall then be repeated, introducing 
the test flame for the first time, however, when the oil temperature is 10° F. 
(5.5° C.) below the flash point obtained in the preliminary test. 

(/) Oil which has once been subjected to the flash test shall be discarded. 

(g) If test is to be repeated, a fresh sample shall be used. 

Average Value of Flash Point. — If two or more determinations agree within 
1° F. (0.5° C.), the average of these results, corrected for barometric pressure, 
shall be considered the flash point. If two determinations do not check within 
1° F. (0.5° C.), a third determination shall be made and, if the maximum varia- 
tion of the three tests is not greater than 2° F. (1° C.), their average, after cor- 
recting for barometric pressure, shall be considered the flash point. 

Correction for Barometric Pressure. — Correction for barometric pres.sure 
shall be made only in cases of dispute or when the barometer reading varies 
more than in. (13 mm.) from the standard pressure of 29.92 in. (760 mm.). 
When the barometer reading is below this standard pressure, add to the ther- 
mometer reading 1.6° F. (0.9° C.) for each 1 in. (25 mm.) of barometer differ- 
ence to obtain the true flash point- When the barometer reading is above the 
standard pressure, deduct 1.6° F. (0.9° C.) for each 1 in. (25 mm.) of barometer 
difference to obtain the true flash point. 

Determination of Flash Point of Lacquer Solvents or Diluents of 
Low Flash Point 

Apparatus. — The apparatus shall consist of the following: 

(a) Flash Point Tester . — As described under “ Tag Closed Tester.'^ 

(b) Thermometer.— Fox determining flash points below 40° F. (4.4° C.), 
suitable thermometers of low range shall be used. These thermometers shall 
conform to the requirements as given above except that tlie ranges shall be 0° F. 
to 120° F. or —20° C. to +50° C. Those thermometers may not be used in 
the testing of materials flashing above 70° F. (21.1° C.), 

Procedure. — The procedure to be followed shall be the same as that de- 
scribed previously, except that in determining flash points below 40° F. (4.4° C.) 
the bath shall be filled with brine or other low-freezing liejuid instead of water. 

Vucosily is determined with the Saybolt Furol viscosimeter, p. 1719. 

Sulfur « (A. S. T. M, Method D 129-34) 

This method shall be used for the determination of sulfur in petroleum oils 
which cannot be burned completely in a wick lamp. 

Apparatus. — The oxygen bomb shall have a capacity of not less than 300 
ml. and shall be of a design or co.istruction such that no leaks shall occur at any 

‘•Tech. Paper 323B. Reproduced through the courtesy of the American Society 
for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 
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pressure or temperature generated during the test, and such that when the 
bomb is open the liquid contents can be easily and completely drained. The 
inner surfaces shall be of materials that are chemically and physically resistant 
to the process or products of combustion, The gaskets, insulating materials, 
etc,, shall be, as far as possible, physically and chemically resistant and in no 
event shall they undergo any reaction which would increase or decrease the 
sulfur content of the bomb liquors. 

The oil cup shall be of platinum, glazed silica, or other suitable material, with 
a capacity of not less than 2.5 ml. nor more than 5 ml. 

If a platinum oil cup is used, the fuse wire shall be of platinum; if a glazed 
silica oil cup is used, the fuse wire may be of either platinum or iron. No. 35 
(B. and S. gage) is a convenient size. 

(а) The distilled water and all reagents should be sulfur free, but when it is 
necessary to employ reagents not sulfur free, blanks shall be run and the figures 
thus obtained used to correct the results of actual determinations* 

(б) The barium chloride solution shall contain 100 grams of BaCl2'2H20 
per liter. 

Procedure. — (a) Twenty ml. of distilled water shall be placed in the bottom 
of the bomb. From 0.6 to 0.8 gram of the oil to be tested shall be placed in 
the weighed oil cup and the weight of this charge shall be determined to an 
accuracy of at least dr 0.002 gram. The cup shall be placed in the proper posi- 
tion in the bomb, the ignition mechanism arranged and the bomb closed. 
Oxygen shall Im admitted slowly until a pressure is reached as indicated by the 
following tabic: 


Capacity of 

Bomb, ml. 

Mi’nimuin Ga^e 
Pressure, Atmospheres 

300 tn .3.'in . . . 

40 

350 to 400 

35 

400 to 450 

30 


27.5 



Above 500 

25 


The leads from, the firing circuit shall be attached, the bomb placed in a 
bucket of cold water, and ignited. The bomb shall be allowed to stand in the 
w-ater for 10 minutes and shall then be removed. The valve of the bomb shall 
be opened, allowing the gas to escape at an approximately even rate so that the 
pressure is reduced to atmospheric in not less than 1 minute. The bomb shall 
be opened, and all parts of its interior, including the oil cup, rinsed with a fine 
jet of distilled water. All washings, which should not amount to more than 
350 ml., shall be collected in a beaker. Particular care should be taken 
lose, by splashing or otherwise, any of the liquid contents of the bomb. The 
washings shall be filtered through a washed “ qualitative '' filter paper. The 
filter shall be washed thoroughly. Two ml. of concentrated HCl and 10 ml. 
of saturated bromine water shall be added to the filtrate. The solution shall 
be evaporated to about 75 ml on a steam bath or hot plate. Tmi ml of hot 
barium chloride solution shall be added in a fine stream or dropwisc to the hot 
solution, stirring during the addition and for 2 minutes afterwards. The 
solution shall be allowed to stand over night, or shall be kept hot for 1 hour on 
the steam bath or hot plate, allowing the precipitate to settle for another hour 
while cooling. The supernatant liquid shall be filtered through an ashless 
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quantitative ” filter paper and the precipitate washed with water, first by 
decantation, then on the filter, till free from chloride. The paper and precipi- 
tate shall be transferred to a suitable weighed crucible, dried at low heat till 
moisture is evaporated, the paper charred (without flaming), and finally ignited 
at a good red heat till the precipitate is just burned white. A satisfactory means 
of accomplishing these operations is to place the crucible containing the wet 
filter paper in a cold electric muffle furnace and to turn on the current. Drying, 
charring, and ignition will usually occur at the desired rate. 

(6) After ignition is complete, the crucible shall be allowed to cool to room 
temperature and weighed. The use of a desiccator is not recommended. 

(c) From the increase in weight of the crucible the percentage of sulfur 
shall be calculated from the formula : 

^ . c ir grams of EaSO^XlS.TSA 

Percentage of sulfur = • 

grams of oil used 

Accuracy. — The percentages of sulfur obtained by the same operator with 
the same apparatus should not differ hy more than A', white the 

percentages obtained by different operators should not differ by more than 
0.02+0.08 A (A represents the average of percentages obtained). 

The Jackson Turbidimeter can be used for rapid work. 

Water and Sediment are determined as follows : 

Water (A. S. T. M. Method D95-30) ® 

This method of test determines the water in a sample of bituminous material 
by distilling the sample with a volatile solvent. This method is suitable for a 
variety of materials but is especially applicable to petroleum, fuel oil, road oil, 
coal tar, water-gas tar, coke-oven tar, and other petroleum products or bi- 
tuminous materials. 

Apparatus. — The apparatus shall consist of a metal still or glass flask, heated 
by suitable means and provided with a reflux condenser discharging into a trap 
connected to the still or flask. The trap serves to collect and measure the 
condensed water and to return the solvent to the still. 

The type of distilling apparatus used is not an essential feature of this 
method, but glass has been generally used for petroleum products and the metal 
still for road materials and tars. 

3. (a) The metal still (Fig. 253, a) shall be a vertical cylindrical vessel, 
preferably of copper, having a faced flange at the top to which the head is 
tightly attached by means of a clamp. The head shall be of metal, preferably 
of brass or copper, and be provided with a tubulation 1 inch in imside diameter. 

(6) The glass flask (Fig. 253, h) shall be of the short-ncck, round-bottom 
type, made of well-annealed glass, having an approximate capacity of 500 ml. 

The burner used with the metal still shall be a ring ga.s burner 4 inches 
(100 mm.) in inside diameter. With the gla.ss flask an ordinary gas burner or 
electric heater may be used as the source of heat. 

The condenser shall be of the water-cooled, reflux, glass tube type, having 
a condenser jacket not less than 400 mm. (15^ inches) in length with an 

Tech, Paper .323B. Reproduced through the courtesy of the American Society 
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inner tube 12 to 16 mm. (}^ to ^ inch) in diameter. The end of the condenser 
to be inserted in the trap shall be ground off at an angle of 30® from the vertical 
axis of the condenser. 

The trap shall be made of well-annealed glass constructed in accordance 
with Fig. 253, c, and shall be graduated as shown from 0 to 10 ml. in 0.1 ml. 
divisions. The error of any indicated capacity shall not be greater than 0.05 ml. 

The outside diameters should preferably be 2.5 to 3.5 mm. to 3^ inch) 
greater than the inside diameters specified. 

(a) The solvent used when testing petroleum products or bituminous 
materials derived from petroleum shall be gasoline free from water and shall 



jI- 4Sto55n7m. 

Diameitr) i4 » IB mm. 
C - (fmidt Diamtt$r) n fBm/rr. 

ISOiiTOmm. 

- ~.2Sn3Smm. 

K>0 w tot mm. 

I/...... — 19 « t9mm. 



Fio. 253.— Apparatus for Determination of Water. 


conform to the following distillation requirements, determined in accordance 
with the Tentative method of test for distillation of gasoline, naphtha, kero- 
sene, and similar petroleum products''; A. S. T. M.-D 86, Five percent shall 
distil at a temperature not below 194® F. (90® C.) nor above 212 F. (100 C.) , 
90% shall distil below 410® F. (210® C.). i . j r 

(6) The solvent used when testing bituminous materials derived from coal 
tar, water-gas tar, etc., shall be a coal-tar naphtha or a light oil and shall 
conform to the following distillation requirements, determined in accordance 
with the “ Tentative method of test for distillation of g^oline, naphtha kero- 
sene, and similar petroleum products”; A. S. T. M.-D 86, 98% shall distil 
between 248® ¥.^120° C.) and 482® F. (250® C.). 
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Sample, — The sample shall be thoroughly representative of the material to 
be tested and the portion of the sample used for the test shall be thoroughly 
representative of the sample itself. Deviation from this requirement shall not 
be permitted. 

Note. — ^The difficulties in obtaining proper representative samples for this deter- 
mination are unusually great, so that the importance of sampling can not be too strongly 
emphasized. 

Procedure. — When the sample to be tested contains less than 10% of water, 
exactly 100 ml. of the material to be tested shall be placed into the still or 
flask and thoroughly mixed with an equal volume of solvent by swirling, proper 
care being taken to avoid any loss of material. If the material is measured by 
volume, an accurate 100-ml. graduated cylinder shall be used and the contents 
transferred to the still by rinsing with one 50-ml. portion of solvent followed 
by two successive 25-ml. portions of solvent, the cylinder being allowed to 
drain each time. When the sample to be tested contains more than 10% of 
water, the volume of material used shall be decreased to that which will yield 
somewhat less than 10 ml. of water. 

Note. — In special cases where the water content exceeds 10% and it is not 
desirable to reduce the size of the sample to that which will yield somewhat less than 
10 mi. of water, a distilling tube receiver graduated from 0 to 25 ml. may be used. 
This tube shall be graduated from 0 to 2 ml. in 0.1 ml. from 2 to 5 ml. in 0.2 ml., and 
from 5 to 25 ml. in O.a ml. 

The connections between the still or flask, trap, and condenser shall be 
made by means of tight-fitting corks as shown in Fig. 253 {a and b). The end 
of the condenser inserted in the trap shall be adjusted to that position which will 
allow the end to be submerged to a depth of not more than 1 mm. below the 
surface of the liquid in the trap after distillation conditions have been es- 
tablished. When the metal still is used, a heavy paper gasket moistened with 
the solvent shall be inserted between the lid and flange before attaching the 
clamp. A loose cotton plug shall be inserted in the top of the condenser tube 
to prevent condensation of atmospheric moisture in the condenser tube. 

Heat shall then be applied and so regulated that the condensed distillate 
falls from the end of the condenser at the rate of from 2 to 5 drops per second. 
The ring burner used with the metal still should be placed about 3 inches above 
the bottom of the still at the beginning of the distillation and gradually lowered 
as the distillation proceeds. 

The distillation shall be continued at the specified rate until no water is 
visible on any part of the apparatus except at the bottom of the trap. This 
operation u.sually requires less than an hour. A persistent ring of condensed 
water in the condenser tube shall be removed by increasing the rate of distil- 
lation for a few minutes. 

The volume of condensed water measured in the trap at room temperature 
multiplied by 100 and divided by the volume of the sample used shall be the 
percentage of water and shall be reported as “ — per cent water by volume, 
A. T. M, method^* 

Accuracy. — The accuracy to be expected with this method is that duplicate 
determinations of water should not differ from each other by more than one 
division on the trap. 
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Sediment 


Apparatus. — Alundum (porous grade) thimbles,®^ 1 inch in diameter by 

inches high, weighing not less than 15 nor more than 17 grams. 

Extraction apparatus (see Fig. 254) of such construction that the thimble is 
completely surrounded by the vapor of the boiling 
solvent. Siphon extractors jausi not he used. 

Procedure, — Place approximately 10 grams of 
the sample in the previously extracted and dried, 
accurately weighed thimble and weigh to ±0.01 
gram, place in the extraction apparatus, and extract 
with 90% benzol until the solvent dropping from 
the thimble is colorless. Dry the thimble for 1 
hour at IQS'* C., and weigh to ±0.0001 gram. Re- 
peat the extraction until the weight of the dried 
thimble and sediment is constant. 

Note — T he rate of extraction shall be such that the 
mixture of oil and benzol in the thimble does not rise to 
within j inch of the top. 

Water and Sediment by Centrifuge (A, S. T. M. 

Method D 96-35) 

This method may be used for crude mineral oils . 
and fuel oils, A centrifuge method for Water 
and Sediment is not entirely satisfactory because 
the amount of water obtained is nearly always lower 
tlian the actual water content. Nevertheless, on 
account of the wide use of the centrifuge for this 
purpose, it is desirable that the method of making 
the determination be standardized as far as possible. It must be clearly 
understood that the reading of the centrifuge tube includes both the sediment 
and the precipitated water. Accurate determination of Tvater content, if de- 
sired, should be made in accordance with the Standard Method of Test for 
Water in petroleum products and other Bituminous Alaterials (A. S. T. M. 
D05), 



Fig. 254. — Extraction Ap- 
paratus for Determination 
of Sediment: a, Extraction 
flask; hj condenser; c, ex- 
traction thimble; d, solvent; 
e, top of hot plate. 


The sample shall be thorougldy representative of the material in question 
and the portion used for the test sliall be tlioroughly representative of the 
sample itself. Deviation from this rule shall not be permitted. The difficulties 
in obtaining representative samples for this determination are unusually great; 
hence the importance of sampling can not be too strongly emphasized. 

Apparatus. — The centrifuge shall be capable of whirling at the required 
speed at least two 100-ml. centrifuge tubes filled with water. It shall be of 
sound design and rugged construction so that it may be operated without danger. 
The tube carriers shall be so designed that the glass centrifuge tubes may be 
cushioned with water, rubber, or other suitable material. The tube holders 


Alundum thimbles listed by the Norton Co., Worcester, Mass., as 5163 RA 98, 
have proved satisfactory. . _ . t,. . ■ > 

** Reproduced through the courtesy of the Amencan Society for Testing Materials, 
260 S. Broad St., Philadelpliia, Pa. 
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shall be surrounded during the operation by a suitable metal shield or case, 
strong enough to eliminate danger if any breakage occurs. 

The preferred form of centrifuge shall have a diameter of swing (tip to tip 
of whirling tubes) of 15 to 17 inches and a speed of at least 1500 r.p.m. or the 
equivalent. If the available centrifuge has a diameter of swing varying from 
these limits, it shall be run at the proper speed to give the same centrifugal 
force at the tips of the tubes as that obtained with the preferred form of centri> 
fuge. The proper speed shall be calculated from the following formula in 
which d represents diameter of swing (tip to tip of whirling tubes) of the 
centrifuge used: 

r.p.m. “ 1500 

The centrifuge tubes, A. S. T. M. types shown in Fig. 255, shall be made 
of suitable glass and thoroughly annealed. The total capacity shall be about 
125 ml. and the mouth shall be suitably constricted for closing with a cork. 
The graduations shall be clear and distinct, reading upward from the bottom of 
the tube. Air-free distilled water at 20° C. (68° F.) shall be used for the cali- 
bration of tubes. The length and outside diameter are optional provided they 
do not conflict w'ith the other requirements. The value of the divisions for each 
range with limits of error are given in the following tabulations for the A. S. T. M. 
Pear-Shaped Tube and A. S. T. M. Cone-Shaped Tube: 


A. S. T. M. Pear-Shaped Tube 


Raivge 

Scale Division 

of Error 

Numbered 

0 

to 

3 ml 

0.1 ml. 

0.05 

ml. 

1, 2, 3 

ml. 

3 

to 

5 “ 

0.5 

0.2 

“ 

4, 5 

ii 

5 

to 

10 “ 

1.0 “ 

0.5 


6, 8, 10 

a 

10 

to 

25 “ 

5.0 ‘‘ 

1.0 


15, 20, 25 

a 

25 

to 

50 “ 

25.0 

1.0 


50 

a 

50 

to 

100 “ 

50.0 ‘‘ 

1.0 


100 

n 



A. S. T. M. Cove-Shaped Tube 


Ranee 

iScale Division 

Eimit of Error 

Numbered 

0 to 

0.1 ml 

0.05 ml. 

0.02 ml. 




0.1 to 

0.3 

0.05 

0.03 “ 

— 


0.3 to 

0.5 '' 

0.05 “ 

0.05 " 


ml. 

0.5 to 

1.0 “ 

0.1 “ 

0.05 “ 

1 

1 1 

1 to 

3 

0.1 

0.1 

2, 3 

ii 

3 to 

5 “ 

0.5 “ 

0.2 “ 

4, 5 


5 to 

10 

1.0 “ 

0.5 

6, 8, 10 

4( 

10 to 

25 

5.0 “ 

1.0 “ 

15, 20, 25 


25 to 100 “ 

25.0 " 

1.0 “ 

50, 75, 100 

it 


The water or oil bath shall be of sufficient depth for immersing the centri- 
fuge tubes in a vertical position to the l(X)-ml. mark. Means shall be provided 
for heating this bath to 120® F. (49° C.), 
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Procedure, (a) Exactly 50 ml. of 90% benzol shall be measured into each 
of two centrifuge tubes and exactly 50 ml. of the oil to be tested shall then be 
added to each. The centrifuge tubes shall be tightly stoppered and shall be 
shaken vigorously until the contents are thoroughly mixed. The temperature 
of the bath shall be maintained at 120° F,, and the centrifuge tubes shall be 
immersed therein to the lOO-ml. mark for 10 minutes. 

(5) The two centrifuge tubes shall then be placed in the centrifuge on op- 
posite sides and shall be whirled at a 
rate of 1400 to 1500 r.p.m., or the 

equivalent, for 10 minutes. The com- ■> J I 

bined volume of water and sediment at ^ ^ ^ 

the bottom of each tube shall be read / m/. \ 

and recorded, estimating to 0.1 ml. if [ _/oo ] 

necessary. The centrifuge tubes shall \ j 

then be replaced in the centrifuge, again \ — 5o / 

whirled for 10 minutes, and removed \ / 

for reading the volume of water and \ — 20 / 

sediment as before. \ ZJo/ 

This operation shall be repeated \ ^ —25 

until the combined volume of water and \~7 ~ 1 j 

sediment in each tube remains con- — -2 \ 

stant for three consecutive readings. fj J — \ — <9 / 

In general, not more than four whirlings # , \ / 

will be required. f ^ \ 52/ 

The combined total volume of w^ater [J lT 1 fi 

and sediment shall be read on each ~ ° it/ 

tube, estimating to 0.1 ml. if necessary. U 

The sum of the two readings shall be (.) p^ar-ShspedTube (h) Cone-Shaped Tube 

recorded as percentage of water and t^^okk r* rri, 

,. ^ .1 J i< 10 . 255 . — Centrifuge Tubes 

sediment, centrifuge method. g T jyj ^ 

Accuracy. — With care and proper 

attention to details, duplicate determinations of water and sediment by this 
method should not differ by more than 0.2 ml., provided the centrifuge tubes 
are accurate and readable to this degree. 


Water by Centrifuge 

Apparatus. — The apparatus shall be the same as in the preceding method. 

Procedure. — Exactly 40 ml. of 90% benzol shall be measured into each of 
two centrifuge tubes and exactly 20 ml. of the oil to be tested shall then be 
added to each. The centrifuge tubes shall be tightly stoppered and shall be 
shaken vigorously until the contents are thoroughly mixed. 

The two centrifuge tubes shall then be placed in the centrifuge on opposite 
sides and shall be whirled at a rate of 1400 to 1500 r.p.m., or the equivalent, 
for 10 minutes. The volume of water at the bottom of each tube shall be 
read and recorded, estimating to 0.1 ml. if necessary. The centrifuge tubes 
shall then be replaced in the centrifuge, again whirled for 10 minutes as before, 
and removed for reading the volume of water as before. This operation shall 
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be repeated until tbe volume of water in each tube remains constant for three 
consecutive readings. 

The volume of water shall be read on each tube, estimating to 0.1 ml. if 
necessary, and the average percentage of water in the sample calculated. 

Calorific Power.® — The calorific power of uncracked fuel oil can be found 
by the formula, Cal. Fower = 17660-1-(69XA.P.I. gravity, “ Baum4). Of a 
cracked fuel oil, Cal. Power “17780+ (54 XA.P.I. gravity, ° Baum6). 


ANIMAL AND VEGETABLE OILS 

The tests most commonly employed for the identification of these oils are as 
follows : specific gravity, refractive index, Valenta test, elaidin test, Maumen6 
test, iodine number, and saponification value. 

In addition, certain special and commercial tests are applied, as Bechi test, 
Baudouin test, free acid, spontaneous combustion, and drying test. 

Specific Gravity. — This is usually determined either by the Westphal 
balance (page 1704) or by the picnomeler. 

A two-necked flask of 50 ml. capacity, having a thermometer carefully 
ground into one neck, the second one being a narrow tube bearing the mark, is 
most suitable. This is filled with the oil to be examined, cooled to 15.5° C.,®* 
the excess of oil removed and weighed. If the weighings be made to 0.5 milli- 
gram and a correction applied for the expansion of the glass by the difference in 
temperature — 15.5— 4 = 11.5° = —0.025% of the value obtained, the deter- 
mination is accurate to 0.00002.®^ 

For the determination of the specific gravity of small quantities of oil, 
satisfactory results can be obtained by weighing 1 or 5 ml. of the oil carefully 
measured from an accurately calibrated pipette. Or a mixture of alcohol and 
water can be made until a drop of oil will stay in any position in it, and its 
specific gravity determined. 

Refractive Index. — This is of the same value as the determination of specific 
gravity : it has, however, the advantage that it is more rapid and uses only one 
or two drops of the oil. 

The apparatus preferably employed is the Abb6 refractometer, Fig. 256, the 
prisms of which are kept at constant temperature, usually 25° C., by circulating 
water. 

The illuminating mirror should light the cross hairs and the telescope should 
be sharply focused on them. 

® Faragher, Morrell & Truax, Ind. Eng. Chem., 21, 933 (1929). 

” Allen (Organic Analysis, 33) states that a correction of 0.00064 can be made for 
each variation of V C. 

» Wright, J. Soc. Chem. Ind., 300, 1892. 
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The double prism is opened by means of the screw heads, and after carefully 
cleansing the prisms with cotton and ether, a drop or two of the oil placed on 
the horizontal surface of the fixed prism. The prisms are then tightly closed. 
The telescope is brought into the position shown and the sector is firmly held 
and the alidade (the moving part) moved forward until the field of vision shows 
the boundary between light and shade just intersecting the cross hairs. 

By means of the screw on the right 
of the instrument this boundary line 
should be made as sharp as possible. 

The index of refraction is read off directly 
from the sector, using a lens if necessary ; 
the reading is accurate to .0002. 

After using, the prisms are again 
carefully cleansed and a piece of filter 
paper placed between them to pre- 
vent them from being scratched. The 
instrument is in correct adjustment when 
water at 18® gives a mean reading of 
1.333. The temperature correction for 
oils and fats is 0.0004 for every degree 
rise. 

Valenta Test,*® — Although considered 
by some to be unreliable, yet as the 
indication given by this test may be of 
value, it is barely worth the trouble of 
execution. It depends upon the solu- 
bility of the oil in glacial acetic acid. 

Enough oil is poured into a test-tube 
to fill it to the depth of about 1 in., 
the exact height being marked by the 
thumb ; an equal quantity of glacial acetic 
acid is poured in, that is, until the acid reaches the point indicated by the thumb. 
A light thermometer is placed in the tube, and it is heated until the oil dissolves 
— shown by the liquid becoming homogeneous. The tube is now allowed to cool, 
and the point noted at which it begins to become thoroughly turbid. 

Castor oil is 'soluble at ordinary temperatures, while rape-seed and other 
cruciferous oils are usually insoluble even at the boiling-point of the acid. The 
temperatures at which other oils become turbid are given on pages 1795 and 
1796. 

Elaidin Test.— Although this is not a quantitative test, yet its ease of ap- 
plication and the conclusions which may be drawn from it render it valuable. 
It depends upon the change of the liquid olein into its solid isomer elaidin, and is 
especially applicable to olive and lard oils. 

Manipulation,— ¥ive grams of the oil are weighed ®^~within 2 drops— into a 
cordial glass, 7 grams of nitric acid, specific gravity 1.34, are then weighed into 
it,®7 and two pieces of copper wire (0.6 to 1.0 gram) added. Place the glass in a 
pan of cold water at about 12° C,, and stir with a short glass rod about 20 to 30 

** Valenta, Dingier Polyt. J., 253, 418j also J. Soc. Chem. Ind., 3, 643, 1884, 

Not on the analytical bailee. 
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turns, not only with a rotary movement, but also with an up-and-down motion, 
so as to mix the oil and the evolved gas thoroughly. When the wire has dis- 
solved, add a second piece and stir as before. This second addition should 
furnish gas enough if the liquid has been kept cool and the stirring has been 
thorough. 

At the end of the first hour, pure lard oil will usually show flakes of a wax-like 
appearance, and upon standing without disturbance and at the same tempera- 
ture for another hour, the oil will have changed to a solid white cake hard 
enough to bear several ounces’ weight, or admit of lifting the glass and contents 
by the glass rod. 

^lost of the fish and seed oils yield a pasty or buttery mass separating from a 
fluid portion, whereas olive, almond, peanut, lard, sperm and sometimes neat’s- 
foot oil, yield a solid cake. 

Instead of using nitric acid and copper, sulfuric acid of 46° Baum6, con- 
taining a little nitric acid and saturated at O'" C. with nitric oxide, may be 
employed. 

A test should always be made at the same time with an oil of undoubted purity. 

Notes. — If the oil be stirred too much or too frequently, or is too warm, it has no 
opportunity to form a hard cake. 

Iliibl states that all attempts to make the test a quantitative one have resulted 
in failure. 

Mercur>' can be used instead of copper. 

Cailletet’s method/* in which a smaller quantity of oil is used, and sulfuric and 
nitric acids allowed to act upon it in a boiling water bath, cannot, in the experience of 
the \\Titer, be depended upon to give reliable results. 

Maumene Test.^* — WTiile this, like the preceding, is not a quantitative test, 
yet the indications afforded by it are of more value in many cases than those 
obtained by quantitative methods, as, for example, the saponification value. 
It depends upon the heat developed by the mixing of the oil with strong sulfuric 
acid. This takes place in a small beaker 7^ to 9 cm. deep and of 150 ml. 
capacity, packed in an agate-ware cup with dry felt or cotton waste packing. 

Manipulation . — Fifty grams of the oil are weighed into the beaker to 
within 2 drops, and its temperature noted by a thermometer. Ten ml. of 
sulfuric acid are now run gradually into the oil — allowing the graduate to drain 
five seconds — the mixture being stirred at the same time with |he thermometer, 
and the stirring continued until no further increase in temperature is noted. 
The highest point at which the thermometer remains con.stant for any ap- 
preciable time is observed, and the difference between this and the initial tem- 
perature is the “ rise of temperature.” This varies with the strength of the 
acid employed, and to secure uniformity the results should be expressed by 
dividing the rise of temperature with the oil by the rise of temperature with 
water, and multiplying by one hundred. This is called the ” specific tempera- 
ture reaction.” The rise of temperature with water is determined in the same 
manner as with oil, using the same vessel. 

« Milliau, J. Am. Chem. Soc., IS, 156, 1893. 

S 02 C 1 gives similar results. 

Xot on the analytical balance. 

Tortelli, J. Soc. Chem. Ind,, 23, 668, 1904, is unable to secure uniformity in this 

way. 
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Notes. In performing this test it is important that the oil and acid be of the 
same temperature, attained by keeping them beside each other. 

The strength of acid should be as far as possible the same; it should be determined 
not by specific gravity, but by titration, as 100% and 94.3% acid have the same specific 
gravity. 

For concordant results the conditions should be the same, and the same apparatus 
should be used. In case the test is to be applied to a drying oil, it should be diluted 
on^half with a mineral oil, 25“ paraffin, for example, thoroughly mixing them. The 
“rise of temperature” is then, the rise of temperature of mixture minus half the rise 
of temperature of 50 grams of mineral oil, multiplied by 2. 

It is advisable to make a test at the same time with an oil of known purity. Re- 
sults should agree within 2%. By the use of the Hiibl formula, page 1769, substituting 
thermal values, results comparable with those obtained with the iodine value can be 
obtained. 

Sherman, Danziger, and Kohnstamm have studied this mfethod with the idea 
of eliminating the errors. Rather than dilute the oil with a mineral oil they dilute 
the acid, using one of 89%. The results obtained are a little lower for vegetable oils 
and a little higher for animal oils than those usually found with the strong acid as 
employed by Thomson and ^ Ballantyne. Mitchell uses an inert diluent — carbon 
tetrachloride— yin a vacuum- jacketed tube and one-fifth the quantities; all oils are 
diluted. He finds that the results obtained are in close agreement with the bromine 
thermal values; further, that the test may be of use in determining the degree of oxida- 
tion of fats and oils, the figures becoming greater with the age of the oil. 

Data upon various oils will be found on pages 1795-1796. 
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Iodine Number or Value. — This is the percentage of iodine absorbed by an 
oil; the method depends upon the fact that different oils absorb different 
amounts of the halogens; the process is mainly one of addition, although small 
quantities of substitution products are formed. For example, the unsaturated 
body olein, (Ci 7 H 33 COO) 3 C 3 Hs, when brought in contact with iodine takes up 
6 atoms and forms the addition product, di-iodo stearin, (Ci7H33l2COO)3C3H5. 
Palmitin, (CisHsiCOOlsCsHs, when similarly treated, forms no addition 
product, but a small quantity of the substitution product, iodo-palmitiii, 
(CuIIsoICOO) 3 H 5 , and the hydrogen displaced unites with the iodine to form 
hydriodic acid. The quantity of hydriodic acid thus formed is a measure of 
the amount of substitution.'^ 

1. Bonus's Method?^ Manipulation , — From 0.12 to 0.15 gram of a drying 
oil, 0.2 and 0.3 gram of a non-drying oil, or 0,6 to 0.7 gram of a solid fat, is accu- 
rately weighed into a dry 200-ml. bottle. This should be of colorless glass and 
be provided with a well-ground stopper. This is best effected by pouring out 
about 5 grams of the oil into a No. 1 beaker containing a short stirring rod, and 
setting it into a wmtch-glass upon the pan of the analytical balance. The whole 
sy.stem is w^eighed, the beaker removed, and several drops of oil transferred to 
the bottle by dropping dowm the rod, being careful that no oil touches the neck. 

« J. Am, Chem. Soc., 24, 266, 1902. 

” Analyst, 26, 169, 1901. 

Mclfhincy, J. Am. Chem. Soc., 16, 275, 1894. 

This is the official A. S. T. M. method. 
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Eight drops are approximately 0.2 gram. The beaker is replaced in the watch' 
glass and the system again weighed, the difference in weight being the amount 
of oil in the bottle. 

The oil is dissolved in 10 ml. of chloroform, 30 ml. of the iodine solution 
(Reagents) added — best from a burette — and allowed to stand with occasional 
shaking for exactly thirty minutes ; with oils of an iodine number of less than 
100, ten minutes suffices; 10 ml. of potassium iodide solution are added; shake 
thoroughly, add 100 ml. water, washing down any iodine on the stopper. Ti- 
trate the excess of iodine with N/10 sodium thiosulfate, adding the latter 
gradually, with constant shaking, until the yellow color of the iodine has almost 
disappeared. Add a few drops of starch solution, shake thoroughly to dissolve 
out the iodine from the chloroform solution, and titrate to the disappearance 
of the blue color. The blue color returns after a few minutes but the end-point 
is that of its first disappearance. 

At the same time at which the oil is prepared, two blanks should be 
prepared similarly in every way to the actual tests, except in the addition of 
the oil, and treated in every respect like them; the strength of the thiosulfate 
solution should also be determined the same day on which this test is carried out. 

Standardization of the Thiosulfate Solution . — Ten ml. of potassium iodide 
and 100 ml. of water are poured into the Erlenmeyer flask; 20 ml. of the bi- 
chromate solution, equivalent to 0.2 gram of iodine, are now measured in with 
a pipette, and to this 5 ml. of concentrated hydrochloric acid added and the 
mixture shaken for three minutes. It is now titrated with the thiosulfate 
solution until the yellow color of the iodine has almost disappeared; starch 
paste is now added, and the titration continued until the deep-blue color of the 
solution changes to a sea-green — due to CrCU, — which is usually brought about 
by the addition of a single drop. 

The reactions involved are: 

K2Cr2074*14HCl = 2CrCU+2KCl+7H20-h3Cl2; 

3Cl2+6KI = 6KCl-f3l2; 

6Na2S203“h3l2 = 3Na2S408d-6NaL 

Note:s. — W ijs u.ses iodine chloride instead of bromide; it is more troublesome 
to prepare and giv-'es results about 1.2 points highcrd^ Either of these methods has 
the advantage over Huhl's — first, that the solutions keep better, remaining practically 
unchanged for several months; secondly, that the action is about sixteen times as rapid, 
it being completed in fifteen minutes; thirdly, that the solutions are cheaper. 

Acetic acid cannot be displaced by carbon tetrachloride as a solvent, as the last 
traces of iodine are difficult to remove from it. The acetic acid used should be at least 
99.5% and show no reduction with potassium bichromate and sulfuric acid. 

This method has been referred by Gill and Simms, J. Ind. Eng. Chem, 13, 
547, 80 that a single drop of oil 0.03 gm. suffices for a test. 

2, HiibVs Method. Manipulation . — The oil is weighed out as in 1, into 
300-ml. bottles, except that about 25% more may be used. 

The oil is now dissolved in 10 ml. of chloroform, 30 ml. of iodine and mer- 
curic chloride solution added, the bottle placed in a dark closet, and allowed to 
stand, with occasional gentle shaking, for four hours. If the solution becomes 

’•Berichtc, 31, 752, 1898. 

” Tolman and Munson, J. Am. Chem. Soc,, 23, 244, 1903. 
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nearly decolorized after two hours, an additional quantity should be added. 
One hundred ml. of distilled water and 20 ml. of potassium iodide are added to 
the contents, and the excess of iodine titrated with sodium thiosulfate. If at 
this point a red precipitate (HgL) is formed, more potassium iodide should be 
added. As the chloroform dissolves some of the iodine, the titration can pro- 
ceed until the chloroform layer is nearly colorless, then the starch solution is 
added, and the operation continued to the disappearance of the blue color. 

Blanks ” should be titrated as with the foregoing process, page 1768. 

Notes. — ^The method was proposed by Cailletet in 1857, made use of by Mills 
and Snodgrass in 1883, using, however, bromine and carbon bisulfide, and described 
in almost its present fonn by Hiibl.” The chief factors in its execution are (1) strength 
of the iodine solution; (2) the quantity used; and (3) the length of its time of action. 

1. The Strength of Iodine Solution. According to Hubl’s original memoir, the solu- 
tions can be kept indefinitely when mixed. 

Fahrion states that the solution deteriorated as much as from 17 to 23% in eight 
days. Ballantyne confirms the deterioration, but finds it much less, 5 to 8% in 
thirty-eight days. This weakening of the solution is probably due to the hydriodio 
acid formed by the action of the iodine upon the alcohol. 

The mercuric chloride acts apparently as a carrier of iodine, as the reaction takes 
place very slowly without it. (Gantter.) ^ Waller ** finds that the addition of 50 
ml. HCi, specific gravity, 1.19, to the mixed iodine solution preserves it for months. 
Of the other metallic chlorides, CoCb gives the highest true iodine value, MnCb, MnBra 
and NiCU cause practically no addition. (SchwciUer and Lungwitz.) ^ 

2. The Quaniity of Iodine Solution Used. The mixed iodine solution as made up 
should require about 53 ml. of the thiosulfate. Before using, a rough titration should 
be made, and if it be much rveaker than this, a proportionately larger amount added. 
The action of a large excess of iodine is to increase the substitution rather than addition; 
increase in temperature or in time produces the same effect.®* 

The excess of iodine recommended is from 150 to 250%; some observers recom- 
mend from 400 to 600%.'« 

3. Leiujth of Time. Two hours is sufficient for olive oil, tallow, and lard, while 
for linseed oil, 18 hours, balsams, and resins 24 hours should be allowed.*® 

Ingle has shown that the free acid formed during the process is due to the 
action of water upon the iodochlorides. Some of these are reduced by potas- 
sium iodide with liberation of iodine and consequent reduction in the iodine 
absorption. Iodine chloride is the active agent, and not hypoiodous acid, 

For the calculation of the percentage of adulteration of one oil by another, 
Hiibl gives the following formula; 

" Ivet j = percentage of one oil and y== percentage of the other oil, further, 

’U. Soc. Chem. Ind., 2, 435, 1883. 

Dingier Pohd;. J., 253, 281; also J. Soc, Chem. Ind., 3, 641, 1884. 

J. Chem. Ind., II, 183, abstr., 1892. 

Ibid., 13, 1100, abstr., 1894. 

J. Soc. Chem, Ind., 14, 130, 1895. 

“Ibid., 12, 717, abstr., 1893. 

“Chem. Ztg., 19, 1786, 1831, 1895. 

“ J. Soc. Chem. Ind., 14, 1031, 1895. 

“J. Soc. Chem. Ind., 12, 717, abstr., 1893. 

"Ibid., 14, 1031, 1895. 

** Holde, Mitt. kgl. Techn. Versuchs., 9, 81, 1891. 

Dieterich, J. Soc. Chem. Ind., 12, 381, 1893. 

Soc. Chem. Ind., 21, 587, 1902. 
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tn= iodine value of pure oil x, n of pure oil y, and / of the sample under ex- 
amination, then 

100(7 -n) ’’ 

J* ~ ■ - - — — ^ , 

m — n 

He further states that the age of the oil, provided it be not rancid or thick- 
ened, is without influence on the iodine value. Ballantyne ^ finds that light 
and air diminish the iodine number. 

As might be expected, the iodine value is inversely proportional to the cold 
test. 

The method, as will be seen, is a conventional one, and the best results will 
be obtained by using measured quantities of reagents and carrying through the 
process in the same manner every time.” 

The calculation is perhaps most easily made as follows ; Subtract the number 
of ml. of thiosulfate used for the titration of the oil, from that obtained by 
titrating the blank — this gives the thiosulfate equivalent to the iodine absorbed 
by the oil. Multiply this number (of ml.) by the value of the thiosulfate in 
terms of iodine, and the result is the number of grams of iodine absorbed by the 
oil ; this divided by the weight of oil used and multiplied by 100 gives the iodine 
number. 

In case it be desired to recover the iodine used, reference may be had to an 
article by Dieterich, abstracted in the Jour. Soc. Chem. Ind., 75, 680, 1896. 

Oxidized Oils, Iodine Number of, — To find the original iodine number of a 
semi-drying or non-drying oil which has been altered by atmospheric oxidation, 
add 0.8 to the iodine number found on the altered sample for each increase of 

( 15 5° C 
taken at ~ 

Bromine Number or Value. — The iodine method just described has, among 
others, the disadvantage that it fails to distinguish between addition and sub- 
stitution; this is sometimes of importance, and to accomplish it Mcllhiney ” 
makes use of the bromine absorption. 

Manipulation . — From 0.2 to 0.3 gram of a drying oil, 0.4 to 0.5 of a non- 
drying oil, or 1.0 to 1.2 grams of a solid fat, are accurately weighed into the 300 
ml. bottle, as in the iodine number (page 1767). 

The oil is dissolved in 10 ml. of carbon tetrachloride, and 20 ml. of bromine 
solution (Reagents) added, best from a burette. After allowing it to stand two 
minutes by the watch, 20 or 30 ml. of potassium iodide are added, in the manner 
described below, the amount depending upon the excess of bromine. To pre- 
vent loss of bromine and hydrobromic acid, a short piece of thin and wide 
rubber tubing — bill tie tubing ” — is slipped over the lip of the bottle, thus 
forming a well around the stopper ; some of the iodide solution is poured into 
this and the bottle cooled in cracked ice. Upon removing the stopper the 
solution is sucked into the bottle, it is shaken to insure the solution of the 
vapors, and the remainder of the reagent added. The iodine liberated is 
titrated by sodium thiosulfate in the usual way. 

« J. Soc. Chem. Ind., 10, 31, 1891. 

^ If, for example, the water be added before the iodide solution, the iodine number 
is changed by 0.3 per cent. 

** Sherman and Falk, J. Am, Chem. Soc., 27, 608, 1895. 

J, Am. Chem. Soc., 21, 1084, 1899. 



FIXED OILS, FATS AND WAXES 


1771 


When this titration is finished, 5 ml. of the potassium iodate solution are 
added and the titration repeated. The iodine liberated in this reaction is 
equivalent to the hydrobromic acid present. Blank determinations should be 
made with the reagents used, as with the iodine number. 

Notes. — Oftentimes, particularly with resins, emulsification of the solution takes 
place, masking the end-point. This can be prevented by the addition of 50 or 100 ml. 
of a 10% solution of salt. 

In case ice be not at hand, the vapors will probably be completely absorbed by 
passing through the iodine solution in the rubber well. 

The reactions involved, in addition to those on page 1768, are: 

Palmitin 

(Ci6H3iCOO)sC3H6-f3Br2=(Ci5H3oBrCOO)3C3H6+3HBr. 

3HBr-f3KI = 3KBr-f-3HI. 

6HI-hK103 = 3l2+3H20-hKI. 

The calculation is similar to that followed in the iodine number (page 1767). 

The percentage of bromine found as hydrobromic acid is called the bromine sub- 
stitution figure, and the total percentage absorbed, less twice the bromine substitution 
figure, gives the bromine addition figure. 

The method has the further advantages that it is rapid, the bromine solution is 
pcrnianent and inexpensive. For data upon various oils, see table on page 1795. 

Saponification Value. — This is expressed by the number of milligrams of 
potassium hydrate necessary to saponify one gram of the oil. It is called from 
the originator “ Koettstorfer number or value,'’ also Saponification num- 
ber,” and must not be confounded with “ Saponification equivalent ” as pro- 
posed by Allen, which is the number of grams of oil saponified by 56.1 grams 
of potassium hydrate. 


Method 

Solutions Required: i4/cofto/fc solution foT saponification, — Dissolve 58 
grams of potassium hydrate ” purified by alcohol ” in 500 ml. of 95% purified 
ethyl alcohol. Allow the solution to settle in a dark place. Draw off the clear 
.solution or filter through an asbestos filter and make up to 1 liter with 95% 
alcohol. The solution so prepared shall stand at least 20 hours before it is 
standardized. 

Alcohol — Purify 95% ethyl alcohol with silver oxide in the following 
manner 

Dissolve 1.5 grams of c.p. silver nitrate in about 3 ml. of water, add to 
1 liter of alcohol in a glass-stoppered bottle, and mix thoroughly. Dissolve 
3 grams of potassium hydrate (by alcohol) in 10 to 15 ml. of warm alcohol. 
After cooling, add slowly to the alcoholic silver nitrate solution, stirring slightly. 
Allow the precipitated silver oxide to settle, siphon off the clear solution, and 
distil on a steam bath. 

Standard hydrochlotic acid solution. — One-half normal solution, 

«Z. anal. Chem., 18, 199, 1879. 

’’ Commercial Organic Analysis, 2, 40. 

Tech. Paper 323B. 

» Dunlap, J. Am. Chem. Soc., 28, 397, 1906. 
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Phenolphthalein solution . — One gram phenolphthalein in 100 ml, alcohol 
and water. 

Apparatus. — The saponification shall be carried out in a wide-mouthed, 
flat-bottom extraction flask, or Erlenmeyer flask, of 250 to 300 ml. capacity, 
fitted to a reliable condenser properly connected with a good cork. The 
boiling shall preferably be carried on by means of an electric hot plate. 

Blank Determination. — Determination shall be made in duplicate in the 
alcoholic potash solution in the following manner : 

Measure accurately into the flask 25 ml. of alcoholic potash solution from 
a calibrated pipette. The tip and outside of the pipette shall be wiped off 
with a clean filter paper before the solution is delivered, then rinsed out with 
25 ml. of neutral alcohol. If a standard burette is used, allow 60 seconds 
total time for drawing and draining. Connect the flask to a suitable condenser 
and boil for 3 hours. Before disconnecting the flask, wash out the condenser 
with a few milliliters of neutral alcohol ; if a Soxhlet is used as the condenser, 
the tip shall be washed off into the flask. Titrate while hot with N/2 HCl, 
using 3 drops of phenolphthalein as indicator. The total number of milliliters 
of N/2 HCl required for the blank represents the strength of the alcoholic 
potash solution. 

Procedure. — For straight fats or oils, use 2 or 3 grams of the material, for 
oils containing over 30% of fatty oils, use about 5 grams, and for oils contain- 
ing less than 30% of fatty oils, use about 10 grams. 

Weigh the oil accurately, by difference, p. 1768, from a small beaker into 
the saponification flask. Add 25 ml. of alcoholic potash solution and 25 ml, 
of neutral alcohol in the same manner as for the blank, connect to the con- 
denser, and boil for 3 hours. Titrate while hot. Calculate the saponification 
number from the difference between the number of milliliters of N/2 HCl 
required for the determination and the average of the two blanks, using the 
formula: 

^ , difference, milliliters X 28.05 

baponiucation number — ^ r; ■ • 

weight of ml, grams 


Petrolic ether may be used with compounded cylinder oils in the quantity 
of 50 ml., providing a Soxhlet extraction flask is used to collect this petrolic 
ether periodically. The Soxhlet flask should be so adjusted, through the 
addition of glass rod ding or beads when necessary, that it will just overflow 
with the full quantity of petrolic ether. 

The percentage of fatty oil (or fat) in a compounded petroleum product 
can be calculated from the saponification number of such a product only 
when the saponification number of the fatty oil i.s known. If the saponification 
numbers of both fatty oil and compounded oil are known, the following formula 
should be used : 


T. ^ 100 X saponification number of compounded oil 

Percentage of fatty oil = — : ; — — - — ♦ 

saponification number of fatty oil 

For this determination the following values of saponification number may 
be used; 



FIXED OILS, FATS AND WAXES 1773 


Fatty Oil 

Saponi- 

fidsition 

Number 

Lard oil 

192-198 

Tallow 

193-198 

Neat's-foot 

193-204 

Fish 

140-193 

Sperm 

120-140 

Castor 

176-187 

Rapeseed 

170-179 


Saponi- 

fication 

Fatty Oil Number 

Soyabean 189-197 

Peanut 186-197 

Cottonseed 191-197 

Blown rapeseed 195-216 

Blown cottonseed 210-225 

Degras 110-210 


NoTj;a. — Many prefer to cork the flasks tightly and tie down the stoppers, thus 
saponifying under pressure; others make use of a return flow condenser, oftentimes 
merely a long glass tube. 

Mcllhiney has applied the process to dark-colored substances by making use 
of the principle that when ammonium chloride is added to a neutral soap solution, 
and the mixture distilled, the amount of ammonia freed is equivalent to the quantity 
of alkali combined with the fatty acids. As a description of the process is beyond 
the scope of the present volume, reference must be had to the original article. 

As ordinarily prepared, the alcoholic potash solution turns rapidly reddish brown, 
so that it is very difficult to note the end-point. This trouble can be partially avoided 
by adding a drop or two of the solution to the diluted indicator contained upon a tile 
alter the manner of the titration of iron by bichromate. As the color is probably 
due to the polymerization of the aldehyde formed by the oxidation of the alcmiol, it is 
more satisfactory to use for the preparation of the potash solution an alcohol which is 
practically aldehyde free. Alcoholic potash made up from this, using the so-called 
^potash by alcohol,” will give a solution which will remain water-white for weeks. 
^‘Thymol blue” may be used as an indicator. 

The writer has found, if the stock solution be kept under an atmosphere of hydrogen, 
that the coloration by standing is almost entirely prevented. 

This method has also been refined by Gill and Simms, J. Ind. & Eng. Chem., 13, 
547 (1921) so that a single drop, 0.03 gram, suffices for a test. 

Detection of Unsaponifiable Oils.— The qualitative detection takes place by 
observing the behavior of the solution obtained by boiling the oil with alcoholic 
potash when diluted with warm water. Any unsaponifiable material will 
manifest itself as oily drops in the clear alcoholic solution, or as a whitish cloud 
on the addition of water. 

The quantitative determination may take place in two ways: 1. From the 
saponification number. 2. By gravimetric methods. 

J. From the Saponification Number.— On pages 1795 and 1796 it will be 
noticed that, except for castor, rape, and sperm oils, the saponification number 
averages 193. If the number found be divided by this figure, the percentage of 
saponifiable matter will be obtained ; this subtracted from 100 will give the un- 
saponifiable matter. This method gives no idea of the kind of saponifiable 

. c. • 

2. By Gravimetric Methods.— The procedure is essentially that of Spitz and 
Honig* 10 grams of the oil are boiled fifteen minutes under a return-flow 
condenser with 50 ml. of 5% alcoholic potash; 40 ml. of water are added 
and the boiling repeated. The liquid is allowed to cool, washed into a sepa- 
ratory funnel with 50% alcohol and 50 ml. of 86“ gasoline, thoroughly shaken 

T Am riK^m Soc 16 400. 1894. For a discussion of the theory of the process, 
see U^oi^tsXT Soc.'ciiem. Ind., 17, 1107, 1898. 

Th^potoshTs mde^by Sving purified potash ip the smallest possible quan- 
tity of water and adding absolute alcohol, 
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and allowed to stand. The gasoline layer should separate clearly and quickly 
from the soap solution and the latter is drawn off ; the gasoline is washed 2 or 
3 times with 50% alcohol to extract any soap, and these washings added to the 
soap solution. This latter is extracted, until upon evaporation the gasoline 
leaves no stain upon paper, care being taken to wash the gasoline extracts each 
time \Yith 50% alcohol; three extractions with gasoline are usually sufficient. 

The gasoline is distilled from these extracts, the residue heated until the 
gasoline odor disappears, and weighed. From the appearance of the residue 
some idea of the kind of unsaponifiable matter can be obtained. This in the 
case qf sperm oil will be mainly solid alcohols, probably of the ethylene series. 

According to Schicht and Hal pern this method is open to the following 
errors: incomplete saponification, incomplete extraction, solubility of soaps 
in the solvent, and the solubility of the unsaponifiable matter in the washing 
solution. Their improved method is as follows : o grams of fat with 3 
grams of solid caustic potash dissolved in a little water and 25 ml. of absolute 
alcohol are boiled half an hour under a reflux condenser. After cooling 25 ml, 
of 10% KCl are added and the solution is then shaken four times with 200 ml. 
of petroleum ether distilling under 60®. The petroleum ether is evaporated 
and, without washing, the residue is dissolved in 25 ml. absolute alcohol and 
the solution made slightly alkaline with normal alkali; 25 ml. of 10% KCl arc 
added and the shaking with petroleum ether repeated. The petroleum ether 
solution is shaken with 100 ml. of 50% alcohol and the wash solution with 
100 ml. petroleum of ether, which is afterwards washed with 100 ml. of 50% 
alcohol. After combining the extracts the petroleum ether is driven off and 
the residue dried and weighed, 

Notk. — Care should be taken to use gasoline which leaves no residue on evapora- 
tion at 100*^ C. 

Identification of the Unsaponifiable Matter . — The unsaponifiable matter is 
either liquid or solid; in case it is liquid, it may be (1) hydrocarbon oils, either 
mineral, or formed by the distillation of waste fats, as wool grease, or (2) tar 
oils, “dead oils,'^ etc., obtained by the distillation of coal tar; or (3) rosin oils. 

If it be a question of one of these three, the specific gravity will usually 
decide it; that of the hydrocarbon oils is 0.855 to 0.930, of the rosin oils 0.96 
to 0.99, while the tar oils are heavier than water. Rosin oils would be shown 
by the Liebermann-Storch test, p. 1781 ; a mixture of mineral and tar oils 
would be identified by treatment with an equal quantity of nitric acid, sp.gr. 
1.45, both previously cooled to 15® C., and noting the rise of temperature. 
Mineral oils give a very slight rise, being paraffins, while the tar oils belong 
to the benzole series and are more easily nitrated. Hydrocarbon oils from 
distilled grease oleins can be identified by their refractive index and rotatory 
power. 

Solid unsaponifiable matters may be : 

(4) Parafm. 

Chem. Ztg., 31, 279, 1907. 

For liasced and other oils, ten or twenty times this weight should be used, the 
alkali being correspondingly increased. 

105 QiO and Forrest, J. Am. Chem. Soc., 32, 1071; Gill and Mason, J. Am. Chem. Soc., 
26, 665. 
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(5) Ceresene — refined ozokerite. 

(6) Higher alcohols of the paraffin series, as cetyl, CieHsaOH, coining from 
the saponification of sperm oil and other waxes. 

(7) Cholesterol, C26H43OH, and its isomers, phytosterol, sitosterol, isocho- 
lesterol, etc. 

(8) Lactones, internal anhydrides of oxy acids as stearlactone, 

C14H29CHOHCH2CH2COOH = C14II29CHCH2CH2COO+H2O, 

! I 

These may be separated by boiling for two hours with an equal quantity of 
acetic anhydride; if the substance dissolves and does not precipitate on cooling, 
higher alcohols are indicated; if a mass of crystals separates out on cooling, 
cholesterol and its isomers, or a mixture of these with the higher alcohols is 
indicated ; if an oily layer remains on top, it is an indication of the presence of 
paraffin or ceresene. For the complete separation and identification of these 
reference must be had to Lewkowitsch, “Analysis of Fats, Oils, and Waxes,’' 
as it is beyond the limits of this chapter. 

Test for Animal or Vegetable Oils. — Animal oils contain cholesterol, 
C26H43OH, while vegetable oils contain the isomeric body phytosterol ; hence 
the isolation and identification of these compounds enables one to say with 
certainty as to the presence of one class of oil or the other — for example as to 
the presence of fish oil in linseed. The quantity of these bodies varies from 
0.2 to 1%. The method is essentially that of Bomcr.^"® Fifty grams of the 
oil are boiled in a flask with a return cooler with 75 ml, of 95% alcohol for five 
minutes and the alcoholic solution separated; this is repeated with another 
portion of alcohol. The alcoliolic solutions arc mixed with 15 ml. of 30% 
sodium hydroxide and evaporated on a water bath nearly to dryness in a 
porcelain dish and the residue shaken out with ether. The ether is evap- 
orated, the residue taken up with a little ether, filtered, again evaporated, 
dissolved in 95% alcohol (by volume), and allowed to crptallize slowly. 
Bomer states that the form of the crystals is more to be relied upon than a 
determination of their melting-point. Cholesterol crystallizes from alcohol or 
ether in leaflets or rhomboid tables containing one molecule of water of crys- 
tallization. rhytosterol crystallizes also from alcohol with one molecule of 
water in needles forming stars or bundles. As a further means of identifica- 
tion, some of the esters should be made and their melting-points determined. 

To this end the crystals above obtained are heated over a low flame in a 
small porcelain dish covered with a watch-glass, with 2 or 3 ml. of acetic or 
other acid anhydride until it boils : the watch-glass is removed and the excess 
of anhydride evaporated on the water bath. The contents of the dish are 
treated with a small quantity of absolute alcohol to prevent crystallization, 
more alcohol added and the solution allowed to crystallize. The crystals are 
filtered off through a very small filter, washed with a small quantity of 95% 
alcohol, dissolved in absolute alcohol, and recrystallized until a constant melt- 
ing-point is obtained. 

The following table shows the corrected melting-points of these alcohols 
and their esters : 

Soc Chem. Ind., 17, 954, 1898; Tolman, J. Am. Chem. Soc., 27, 590, 1905; 
Tolman, Bull. 107, U. S. Dept. Agriculture, 1907. 
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Cholesterol Phytoeterol 


Alcohol 148-150.8“ 136-143.8“ 

Acetate 113-114“ 120-137“ 

Benzoate 135-151“ 142-148“ 

Propionate 97-98“ 104-105“ 


Notes. — Some directions state, in isolating the cholesterol or phytosterol, to boil 
with the 30% sodium hydroxide until one-fourth of the alcohol is evaporated. As a 
result of repeated experiments this has been found to cut down the yield so much that 
on a large scale practically none of these bodies, particularly phytosterol, was obtained. 
This agrees with the observation of Lewkowitsch that by heating cholesterol w’ith normal 
alcoholic potash, cholesterin hydrate is obtained. 

The following test wull serve to differentiate be Ween cholesterol and phytosterol.^®^ 
A very small quantity of cholesterol is warmed with 1.5 ml. absolute alcohol and a 
trace of isodulcit or rhamnose (6-dimethylfurfural) added. After cooling, an equal 
volume of concentrated sulfuric acid is added, so as to form a layer below the solution, 
w hereupon a raspberry-colored ring is produced at the zone of contact of the two liquids. 
On mixing the layers w^hile the tube is cooled in a current of cold water, the mixture 
becomes intensely colored. With phytosterol the reaction fails or at most a pink color. 
Similar reactions are given by abietic acid. Or mix the pure unsaponifiable matter 
with an equal quantity of pure cholesterol; if the melting point be unchanged, the un- 
saponifiable matter is cholesterol; lowering of the melting point indicates phytosterul. 

As little as 1% of cotton-seed has been found in lard, and 4% in any oil has been 
detected by this test. 

For the means of distinguishing betw'een drying and marine animal oils, see Halphen, 
J. Pharm. Chim., 14, 391 (1901), abstracted J. Soc. Chem. Ind., 21, 74, or Chem. Cen- 
tralb., 72, ii, 1097 and 1323. 

Tests for Antifiuorescents,^°* — It is often desired to remove the fluorescence 
or “ bloom ” from petroleum oils. This may be effected by refining with 
chromic acid, or more easily by the addition of a small quantity of nitro- 
naphthalene or nitro-benzene. The latter may often be detected by the odor. 

The test is made by boiling about 1 ml. of the oil with 3 ml. of 10% alco- 
holic potash for one to tw^o minutes. If either of the nitro compounds be 
present, a blood- or violet-red coloration is produced; a pure mineral oil is 
changed only to yellow or brownish-yellow by this treatment. In case the 
characteristic color does not appear the following te.st may be applied. It 
depends upon the reduction of the nitro bodies to their amines. 

A few ml. of the oil are heated with feathered tin and hydrochloric acid 
in an Erlenmeyer flask for ten minutes; this can be aided by the introduction 
of a piece of platinum wire. The oil is separated by a separatory funnel and 
filtration through a wet filter, the filtrate treated in another separatory with 
sodium hydrate until the tin hydrate redissolves and shaken out with 10-20 
ml. of ether. The amines go into solution in the ether, giving to it a violet 
color and fluorescence in the case of a-naphthylamine. These can be recog- 
nized by their odor, that of naphthylamine being very characteristic. The 
latter may be recognized by dissolving in hydrochloric acid, evaporating the 
latter, and upon treatment with ferric chloride obtaining an azure-blue precipi- 
tate. This changes when filtered off to purple-red and the filtrate to violet. 

Aniline can be recognized by solution in concentrated sulfuric acid and 
the red and then blue color which appears on the addition of a small crystal of 

Xeuberg and Rauchwerger, abstr. J. Soc. Chem. Ind., 23, 1163, 1904. 

Holde, J. Soc. Chem, Ind., 13, 906. 189^ 

Holde, ** Examination of Hydrocaroon Oils,” p. 75. 
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potassium bichromate. Free aniline is also temporarily colored violet by a 
solution of bleaching powder. 

Acetyl Value. — The estimation of the acetyl value is seldom required in oil 
analysis, it being characteristic only when triglycerides are present. For a 
description of the method and its applications, reference must be had to the 
larger works, as Lewkowitsch or Allen. 


Special Tests for Certain Oils 


Lewkowitsch says : “ It should be distinctly understood that color reac- 

tions taken by themselves should not be relied upon as giving a decisive answer. 
At best they can only be used as a preliminary test, or as a confirmatory test. 
The ease with which this test can be carried out, and its apparent reliability, 
have led to an over-estimation of this very useful and important reaction; so 
much so, that grave errors may be committed by those who assign to this test 
an exclusive or even a paramount importance. It is altogether unjustifiable 
to look upon this test, as has been done, as permitting of quantitative inter- 
pretation.” 

Bechi^s Test for Cotton-seed Oil. — This depends upon the supposition that 
a substance of an aldehydic nature which reduces silver nitrate is contained 
in the oil. The method is essentially that of Milliau.^^^ 

Fifteen grams of oil are w^eighed into a No. 6 porcelain dish, using the coarse 
scales, and heated for about ten minutes upon the water bath; a mixture of 
10 ml. of 30% caustic soda and 10 ml. of the alcohol is slowly poured upon the 
oil. The whole is occasionally stirred until the mass becomes clear and homo- 
geneous, and loO ml. of hot distilled water slowly added so as not to decompose 
the soap, and the boiling continued until the alcohol is expelled. Dilute sul- 
furic acid (1 : 10) is added to acid reaction, and the separated fatty acids 
washed three times by decantation with cold water. A portion of these is 
brought into a large test-tube, 15 ml. of alcohol and 2 ml. of 3% silver nitrate 
solution are added, the tube is wrapped with brown paper, held in place by an 
elastic band, and heated, with constant .stirring, in the water bath until one- 
third of the alcohol is expelled, which is replaced by 10 ml. of water. This 
heating is continued for a few minutes longer and the coloration of the insoluble 
fatty acids observed. The presence of cotton-seed oil in any appreciable 
proportion causes a mirrorlike precipitate of metallic silver, which blackens 
the fatty acids of the mixture. 


Notes.— The alcohol should be proved free from aldehyde by a bla^ test. Unless 
the mixture in the test-tube be thoroughly stirred while heating, it will bump and 
eject the contents. Other methods of procedure consist m applying the test to the oU 
itself, often after treatment with dilute caustic soda and nitric acid, (wesson. ) The 
writer had a case in which the oil gave the test while the aads ^ve no bketomg 
showing there was something in the ofi itself other than cotton-seed od which reduced 
the silver nitrate. Students have no difficulty m detecting a 5% adulteration with 

cotton-seed oil. , ^ . j it. x if 

Dupont thinks that the reduction of silver nitrate is due rather to sulfur com- 


“Chemical Technology and Analysis of Fats, Oils and Waxes,” 2, 203. 

J. Am. Chem. Soc., 15, 1G4, 1893. 

Buu!”^^^aem^^(3),^b?696^^ Chem. Ind., 14, 811, 1895; also Charabot 
and March, Bull. Soc. Chim., 21, 252, 1899. 
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pounds contained in the oil; by passing steam over the oil he obtained a product con- 
taining sulfur and the oil still gave the Bechi test. This work has been repeated and 
confirmed by the author.”^ It is to be noted that while the fatty acids blacken silver 
nitrate they do not color cadmium, lead, or copper salts, but reduce mercury com- 
pounds. No indication of an aldehyde was noted by the fuchsine or ammonia tests. 
The supposition that the reducing substance is aldehydic in its nature finds support 
in the fact that if the oil be heated to 240° or be kept for some time it loses this 
peculiar property. 

By purifying the acids by the lead salts Tortelli and Ruggeri are able to detect 
as little as 10% of heated cotton-seed oil. 

It is to be noted that pure lard, tung and olive oil are not infrequently met 
with which give the test, consequently its indications cannot be considered as 
conclusive. 

Halphen’s Test for Cotton-seed — This depends upon the observation 
that this oil contains an unsaturated fatty acid which combines with sulfur, 
giving a colored compound.^^^ 

Frocedure . — Ten ml. of the oil or melted fat are heated, in a large test-tube 
with a long glass condenser tube attached, with an equal volume of amyl 
alcohol and of carbon bisulfide solution of sulfur (Reagents), at first with 
frequent agitation, in a steam bath, and then, after the violent boiling has 
ceased, in a brine bath (i0o-110°C.) for forty-five minutes to three hours, 
according to the quantity of adulterant present, the tube being occasionally 
removed and shaken. As little as 1% will give a crimson wine coloration in 
twenty minutes.^^® 

Notes. — If the mixture be heated for too long a time a misleading brownish-rc<l 
color due to burning is produced. The reaction seems to be peculiar to this oil; it is 
more sensitive with fresh than old fats, and while, by comparison with a blank, ^ of 
1% is noticeable, K uf 1% is easily detected. Cotton-seed oil which has been heated 
to 250° C. does not give the test; the oil is then not available as food. Heating to 
200° C. does not interfere with the test.^^^ 

The test is not given by an oil w'hich has been oxidized with sulfuric acid and potas- 
sium permanganate, although such an oil gives the Bechi This shows that tlie 

two testa are not produced by the same substance. Nor is this te.st or that of Bechi 
given by an oil wliich has been treated with chlorine or sulfurous aciii.^^^ If treaieil 
with the former it is no longer edible; an oil treated with sulfurous acid and wa.shcd 
with alcohol cannot be distinguLshed from ordinary cotton-sced oil and doc.s not, as 
already stated, respond to either the Halphen or Bechi test. In this case the test fur 
phytosterol is the only means of determining if it has been added to an aninml oil. 
The test is also given by kapok oil, which is used as an edible oil in China, the East 
and West Indies, and in Africa; baobab oil also gives it. 

Lard from hogs fed on cotton-seed meal shows this reaction strongly, as if it were 
25% oil.^ The butter from cows similarly fed also yields the reaction.^* 

Gill and DennLson, J. Am. Chem. Soc., 24, .397, 1902. 

^ Holde, J. Soc. Chem. Ind., 11, 637, 1892. 

Wilson, Chem. News, 59, 99, 1889. 

J. Soc. Chem. Ind., 20, 753, 1901. 

Halphen, J. Pharm. Chim., 390, 1897. 

«»Raikow, Chem. Ztg., 24, 562, .583, 1900. 

Oilar, Am. Chem. J., 24 , 355; abstr. Anal., 26 , 22, 1901. 

Fischer and Peyan, Analyst, 30, 131, 1905; ooltsien, Z. oftentl. Chem., 5, l-l'^ 
1899; J. Soc. Chem. Ind., 18 , 865. 

Raikow, loc. cit. 

Petkow, Analyst, 32. 123, 1907. 

“*Soltsien, Z, fiftentl. Chem., 7, 140, 1901. 

Wauters, J. Soc, Chem. Ind., 19, 172, 1900. 
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The test may be applied to the soaps or fatty acids, provided they are not too 
deeply colored. 

The amyl alcohol cannot be omitted nor substituted by ethyl alcohol without im- 
pairing the delicacy of the test. The compound in the oil cannot be removed by 
treating with animal charcoal. 


Hexabromide Test for Linseed Oil. — The object of the test is to determine 
the amount of insoluble bromides of the fatty acids contained in the oil. Lin- 
seed gives the highest percentage of bromides of any of the common oils, 
consequently its adulteration can be shown by the hexabromides. 

Fifteen grams of the oil are saponified by boiling with 15 mi, of potassium 
hydroxide solution, sp.gr., 1.35, and 15 ml. of alcohol in a flask under a reflux 
condenser; 300 ml. of "svarm water are added and the solution distilled with 
steam until the alcohol is removed. Dilute sulfuric acid is added to excess, 
the solution heated until the fatty acids are obtained as a clear oily upper 
layer; this is washed several times with hot distilled water until free from 
sulfuric acid, using methyl orange as an indicator. This does not react wdth 
fatty acids of low molecular weight which being soluble in water may redden 
litmus. This washing is effected in an atmosphere of inert gas, carbonic acid 
or hydrogen by stopping the flask with a three-holed stopper, carrying a siphon, 
an entrance and an exit tube for the gas. The acids are siphoned into a small 
Erlenmeyer flask and in case a few drops of water come over — an equal quan- 
tity of alcohol added and dried upon the water bath in a stream of dry inert gas. 

In order to test for the presence of unsaponified fat, 3 ml. are dissolved in 
15 ml. of 95% (by volume) alcohol, and 15 ml. of aqueous ammonia are added. 
If an appreciable amount of fat has escaped saponification, the mixture will 
become turbid (Geitel). 

Tw-o grams of mixed fatty acids are dissolved in a flask in 27 ml. of dry 
ether, cooled down to 10° C., and 0.25 ml. of bromine allowed to run into the 
solution from a very finely-drawn-out pipette, the time allowed for this being 
about twenty minutes. The remaining 0.25 ml. of bromine is added somewhat 
more rapidly, wdtlun about ten minutes, the bromi nation thus occupying about 
thirty minutes. The authors attach great value to the exact obseivance^ of 
the time. The temperature should never be allowed to rise during brornination 
above 5°. The flask is corked and allowxd to stand for tw^o hours at 0°. The 
ethereal solution is next decanted through a weighed asbestos or paper filter 
(Lewkowitsch) and the precipitate is washed with five lots of 5 ml. each of 
dried and cooled ether. After complete draining, the precipitate is dried for 
two hours at 80° to 85°, and allowed to cool in a desiccator. The temperature 
is designedly kept below 100°, as the authors found that the color of tlie hexa- 
bromide becomes .somewhat gray if the drying takes place at 100 . T le 
melting-point of the hcxabromiiles was 177°, whereas the melting-point of pure 
hexabromide has been found to be higher. No doubt^the low melting-point 
is due to the drying having been carried out below 100 . , t u 

Nevertheless small traces of retained moisture cannot account for the much 
larger yield of hexaliromidc which the authors obtained. 

The yields of hexabromide obtained by these authors are as follows: 


Soltsicn, loc. cit., 25, Oilar, loc. cit, 

Utz, Rev. Fctt u, H.irz. Iml., 9, 125, 1902 
Eibner and Muggenthalcr, Fiirbcn Ztg., 1912. 
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Fatty Aekls 

Per cent 

Fatty Acids 

Per cent 

Perilla oil 

64.12 

57.96 

51.73 

51.66 

50.50 

Tung oil 

nil 

Up to 7.78 
nil 

6.34 

Linseed oil, Baltic 

Linseed oil, Dutch 

Linseed oil, La Plata 

Linseed oil, Indian 

Soya be^n oil 

Poppy seed oil 

Rape oil 


Bailey and Baldsiefen, J. L and E. Chem., 12, 1189 (1920), have devised a modifica- 
tion which is more elaborate and may give more accurate results. 


Bellier’s Qualitative Test for Peanut Oil.^29 

The necessary reagents are ; 

Alcoholic potash, made by dissolving 8.5 grams of pure potassium hydroxide 
in 70 per cent alcohol and making up to 100 ml. 

Acetic acid of such strength that 1.5 ml. will neutralize 5 ml. of the alcoholic 
potash. (Acid having a specific gravity of 1.04 is approximately correct.) 

Procedure. — Weigh 1 gram of the oil into a dry test-tube, add 5 ml. of the 
alcoholic potash and boil gently over a small flame, avoiding evaporation as 
much as possible. Boil until the oil is completely saponified, which will take 
a little over 2 minutes. Add l.o ml,, of acetic acid, or just sufficient to neu- 
tralize the alcoholic potash (use phenol phthalein as an indicator), mix well, 
cool rapidly by placing the test-tube in water at 17° to 19° C. and leave in the 
water at the stated temperature for not less than 30 minutes, shaking occa- 
sionally. Then add 50 ml. of 70 per cent alcohol containing 1 per cent by 
volume of hydrochloric acid (sp.gr. 1.16), shake well and again place in water 
at 17° to 19° for an hour. If no peanut oil be present, the liquid will remain 
clear or at most slightly opalescent ; with 10 per cent, or more, of peanut oil 
a flocculent, crystalline precipitate forms. 

Renard ^^-Tolmau Quantitative Test. 

Weigh 20 grams of oil into an Erlenmeyer flask. Saponify with alcokohc 
potash, neutralize exactly with dilute acetic acid, using phenolphthalein as 
indicator, and wash into a 500-ml. flask containing a boiling mixture of 100 ml. 
of water and 120 ml. of a 20% lead acetate solution. Boil for a minute and 
then cool the precipitated soap by immersing the flask in water, occasionally 
giving it a whirling motion to cause the soap to stick to the sides of the flask. 
After the flask has cooled, the water and excess of lead can be poured off and 
the soap washed with cold water and with 99% (by volume) alcohol. Add 
200 ml. of ether, cork, and allow to stand for some time until the soap is dis- 
integrated, heat on the water bath, using a reflux condenser, and boil for about 
five minutes. In the oils most of the soap will be dissolved, while in lards, 
which contain much stearin, part wuil be left undissolved. Cool the ether 
solution of soap to 15° or 17° C. and let it stand until all the insoluble soaps 
have crystallized out (about twelve hours). 

Filter and thoroughly wash the precipitate with ether. Wash the soaps on 
the filter back into the flask by means of a stream of hot water acidified with 

The test is not thoroughly dependable. 

Renard, Compt. rend., 73, 1330, 1871; also Archbutt, J. Soc. Chem. Ind., 17, 

1124. 

“^BuU. 107, U. S. Dept. Agriculture, 1907, p. 145. 
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hydrochloric acid. Add an excess of dilute hydrochloric acid, partially fill the 
flask with hot water, and heat until the fatty acids form a clear oily layer. 
Fill the flask with hot water, allow the fatty acids to harden and separate from 
the precipitated lead chloride, wash, drain, repeat washing with hot water, and 
dissolve the fatty acids in 100 ml. of boiling 90 per cent (by volume) alcohol. 
Cool to 15° C., shaking thoroughly to aid crystallization. 

From 5 to 10 per cent of peanut oil can be detected by this method, as it 
effects a complete separation of the soluble acids from the insoluble, which 
interfere with the crystallization of the arachidic acid. Filter, wash the pre- 
cipitate twice with 10 ml. of 90% (by volume) alcohol, and then with alcohol 
70% (by volume). Dissolve off the filter with boiling absolute alcohol, evap- 
orate to dryness in a weighed dish, dry and weigh. Add to this weight 0.0025 
gram for each 10 ml, of 90% alcohol used in the crystallization and washing 
if done at 15° C . ; if done at 20° add 0.0045 gram for each 10 ml. The melting- 
point of arachidic acid thus obtained is between 71° and 72° C. Twenty times 
the weight of arachidic acid will give the approximate amount of peanut oil 
present. No examination for adulterants in olive oil is complete without 
making the test for peanut oil. Arachidic acid has a characteristic structure 
and can be detected by the microscope. 

Bach’s Test for Rapeseed Oil. — According to 0. Bach,^^^ the acids obtained 
from rapeseed oil are completely insoluble in David’s alcoholic acetic acid, 
in the proportion of 1 to 15, by volume; those from cottonseed, peanut, sesame, 
and sunflower oil dissolve on heating. Those from the last oil separate as a 
granular precipitate at 15°, while from the other three they gelatinize. The 
acids from olive oil are completely soluble at the ordinary temperature. 
David's acid is made by mixing 22 ml of 50% acetic acid (by volume) with 
30 ml. of alcohol, sp.gr. 0.817, 92,07% (by weight). 

Note. — The author has found that Bach’s observation cannot be implicitly relied 
upon, as some rapeseed oils yield acids which are soluble in David s mixture. 

Liebennaan-Storch Test for Rosin Oil.— One or 2 ml. of the oil are shaken 
with an equal quantity of acetic anhydride and gently warmed. When cool 
the acetic anhydride is pipetted off and tested by the addition of 1 drop of con- 
centrated sulfuric acid. A fine violet color is produced in the presence of rosin 
oil Tung oil and also cholesterol, which is contained in the animal fats, 
produce a similar coloration; the latter can be removed by saponifying the oil 
as completely as possible and shaking out the somewhat dflute soap solution 
with ether or petroleum ether. The soap solution is then acidified, settii^ free 
the fatty acids, and these treated with acetic anhydride as if they were the oil 

Baudouin’s, or Camoin’s Test for Sesame 

Dissolve 0.1 gram of finely powdered sugar in 10 ml. of hydrochloric acid 
(sp.gr, 1.18), add 10 ml of the oil to be tested, shake thoroughly for 1 minute 
and allow to stand for 10 minutes. In the presence of even a very small 
admixture of sesame oil, the aqueous solution is colored crimson. It should 
be observed that some olive oils, especially those of African or Spanish origin, 
give pink or crimson colors which can be readily differentiated from that due 
to sesame oil by applying the following modification of the Villavecchia method. 

Allen, “ Commercial Organic Analysis," 2, pt. 1, 128, 1899. 

'"Official 
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Villavecchia Test 

Add 2 ml. of furfural to 100 ml, of 95 per cent alcohol by volume and mix 
thoroughly 0.1 ml. of this solution with 10 ml, of hydrochloric acid (sp.gr. 1.18) 
and 10 ml. of the oil to be tested by shaking them together for of a minute. 
Allow the mixture to stand 10 minutes, observe the color, add 10 ml. of water, 
shake and again observe the color. 

The furfurol may be replaced by 0.1 g. of sugar in 10 ml. HCl, sp.gr, 1.18, 
and twice the quantity of oil used. 

Alilliau saponifies as in the Bechi test and dries the acids at 105° and 
tests them instead of the oil. Lewkowitsch states that this is a needless 
complication. Da Silva states that this test has given colors with certain 
Portuguese olive oils; also those of Bari, Brindisi and Lecce. Kreis states 
that the active or color-giving constituent is probably phenolic in its nature. 
The reaction is given by other substances, as vanillin, oil of cloves, and 
cinnamon; this should be borne in mind in testing oils which have been ex- 
tracted from confectionery. Rancid fats prevent the coloration; it can, how- 
ever, be brought about even in rancid fats by the addition of 
an equal quantity of cotton-seed 011 .^^° 

Free Acid Test.^*^ — About 10 grams of oil are w'eighed 
(to centigrams) into a 250-ml. Erlenmeyer flask, 60 ml. of 
neutral alcohol (Reagents) added, the mixture warmed to 
the boiling point, shaken thoroughly, and titrated with 
K/6 potassium hydrate, using phenolphthalein, the flask 
being frequently and thoroughly shaken. The result is 
conventionally reported in per cent of oleic acid; 1.0 ml. 
X/6 KOH is equivalent to 0.047 gram oleic acid. Or it 
can be reported like the saponification number, in milli- 
grams of KOH per gram of oil. For mineral oils use alcohol 
diluted with its own volume of water. 

Spontaneous Combustion Test. Mackey's Apparatus. 
— The apparatus/** Fig. 257, consists of cylindrical copper 
water bath 7 in. high and 4 in. in diameter (inside measure- 
ments), surrounded with a ^-in, water-jacket. The cover 
is packed with asbestos and carries the draft tubes A and R, 
Yz in. in diameter and 6 in. long, which cause a current of 
air to be sucked down B and up A, thus ensuring a circu- 
lation of air in the apparatus: C is a cylinder made of 
24-mesh wire gauze 6 in. high and lY diameter and 

supported upon a projection from the bottom of the bath. A thermometer 
projects dowm into the center of the cylinder; if a metal condenser be con- 

w*lbid., 1893, 50.5; abstr. Analyst, 19, 47. 

^ 3 . Am. Chem. Soc., 15, 162, 1893. 

"Oils, Fats and Waxes.” 

Soc. Chem, Ind., 17, 27.5, 1898. 

»» Chem. Ztg., 27, 316, 1903. 

Gerber, Analyst, 32, 90, 1907. 

“°Lauff and Hinsmann, Chem. Ztg., 31, 1023, 1908. 

Tech. Paper 323A. 

Mackey, J. Soc. Chem. Ind., IS, 90, 1896; Gill, ibid., 26 , 185, 1907. 
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nected to the water bath it can be used indefinitely without refilling and with- 
out danger of burning out. 

Seven grams of ordinary bleached cotton wadding or “ absorbent cotton 
are weighed out in a porcelain dish or on a watch-glass, and 14 grams of the oil 
to be tested poured upon the cotton and thoroughly worked into it, care being 
taken to replace any oil that is lost. The cotton is then placed in the cylinder, 
packed about the thermometer so that it occupies the upper 4^4 in. of the 
cylinder, and put into the boiling water bath. After the expiration of an hour, 
the bath having been kept in active ebullition, the temperature is read. Any 
oil which shows a temperature exceeding 100® C. in one hour, or 200® C. in 
two hours, should be regarded as a dangerous oil, or liable to produce spon- 
taneous combustion. The following tables show the results obtained in using 
this apparatus. 



Temperature ° C. iti 

1 hr. 

1}4 hrg. 

' hrs. 

Olive (noiitrai) 

97- 98 
112-128 

98- 103 
102-111 

100 

177-242 ; 

101-115 

101 

194-282 

102-191 

196 

C'ottnn-spod 

Klaine 

Olive fatty acids 



Other values obtained were ; 



1 

Oil 1 

, Temp. 1 

' “C. 1 

1 Time, 

' ^^linutes 

Iodine, 

No. 

1 Free Acid, 
per cent 


234 1 

130 1 

85.4 ' 

5.3 

I 

234 

75 

1 75.2 

Trace 


158 

188 1 

60.5 

— 


234 

70 1 

108.9 

Neutral 


234 

65 

168.1 

Neutral 

2.5® Paraffin 

97 

135 

16.2 

— 







Besides being used for testing oils it can be applied to testing other mate- 
rials, oily waste, sawdust, or any mixtures suspected of causing spontaneous 

combustion. . , i i • .v t • 

“ The results of the greatest practical value obtained m the use of this 

apparatus have been, first, determining the cause of fires; and, second, deter- 
mining the degree of safety of the various oils used in manufacturing. Mineral 
oil, as is well known, is not liable to spontaneous combustion; and a certain 
percentage of animal or vegetable oil may be added to mineral oil without 
materially increasing the danger under ordinary circumstances. This percent- 
age varies according to the oil; with neat’s-foot and first quality lard oil some 
50 to 60% may be used, with cotton-seed not over 25% is allowable. Ihe 

Small percentages (0.5-2.0) of iron, sodium, mgnesium or 
olive oil may cause a degree of heating which may be dangerous. Gill, Ind. and h.ng. 
Chem., 16 , 23, 1924. 

Richards, Tech. Quarterly, 4 , 346, 189L 
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claim so often made for so-called ‘ safe ’ oils, said to have been changed by 
special and secret processes of refining so as to be no longer dangerous, is easily 
exposed by this test.’' 

Drying Test Upon Glass, — A few drops of oil are brought upon a glass 
plate inclined at about 30° from the horizontal. A test of the oil is made from 
time to time by touching it with the fingers, the time at which it does not soil 
them being noted as the point when it is dry. Good oil should dry in three days. 

Archbutt makes this test as follows: A piece of polished plate-glass 7 cm. 
square by 4 mm. thick is cleaned and counterpoised on the balance; it is then 
heated for an hour at 200° C. in an air bath to thoroughly dry it. It is taken 
out, laid on a non-conductor, allowed to cool for three or four minutes, and 
the hot glass thinly painted with the oil to be tested by means of a camel’s-hair 
brush. When the glass is cold it is weighed and sufficient oil added to make 
it up to 0.1 gram. Two glasses are coated with the sample and two with a 
standard oil, all placed on a level surface in a large air bath at 50° C. and 
heated for nine hours ; one set of plates is withdrawn, cooled, and tested by the 
finger. Good raw linseed is tacky, when tested by the finger when cold, in 
nine hours and dry in twelve ; corn oil is practically dry in fifteen hours, though 
slightly tacky; cottonseed, partially dry in eighteen hours and fully dry in 
twenty-one. Refined rape oil dried in forty-eight hours, and olive oil was 
sticky after thirteen days. 

Titer Test. — Under this rather misleading title is expressed the solidification 
point of the fatty acids derived from a fat or oil; it has nothing at all to do with 
titration, as might be expected. The test is extensively used for the evaluation 
of fats, and according to the method provisionally adopted by the Association 
of Official Agricultural Chemists is carried out as follows : 

(a) Standard Thermometer. The thermometer must be graduated in tenth 
degrees from 10° to 60°, with a zero mark, and have an auxiliary reservoir at 
the upper end, also one between the zero mark and the 10° mark. The cavity 
in the capillary tube between the zero mark and the 10° mark must be at least 
1 cm. below the 10° mark, the 10° mark to be about 3 or 4 cm. above the bulb, 
the length of the thermometer being about 15 in. over all. The thermometer is 
annealed for 75 hours at 450° C., and the bulb is of Jena normal 16"' glass, 
moderately thin, so that the thermometer will be quick acting. The bulb is 
about 3 cm. long and 6 mm. in diameter. The stem of the thermometer is 
6 mm. in diameter and made of the best thermometer tubing, with scale etched 
on the 8tem,4he graduation to be clear-cut and distinct, but quite fine. 

(b) Determination. Saponify 75 grams of fat in a metal dish with 60 ml. 
of 30% sodium hydroxide (36° Baum6) and 75 ml. of 95% (by volume) alcohol 
or 120 ml. of water. Boil to dryness, with constant stirring to prevent scorch- 
ing, over a very low flame or over an iron or asbestos plate. Dissolve the dry 
soap in a liter of boiling water, and if alcohol has been used, boil for forty 
minutes in order to remove it, adding sufficient water to replace that lost in 
boiling. Add 100 ml. of 30% sulfuric acid (25® Baum6) to free the fatty acids, 
and boil until they form a clear, transparent layer. Wash with boiling water 
until free from sulfuric acid, collect in a small beaker, and place on the steam 

*** Amsel, J. Soc. Chem. Ind., IS, 222, 1896. 

**• Id., 1^347, 1899. 

U. S. Dept, of Agriculture, Bureau of Chemistry Bulletin No. 107, p. 136, 1907. 



FIXED Oils, fats and waxes 


178S 


bath until the water has settled and the fatty acids are clear ; then decant them 
into a dry beaker, filter, using the hot-water funnel, and dry twenty minutes 
at 100° C. When dried, cool the fatty acids to 15 or 20° C. above the expected 
titer and transfer to the titer tube, which is 25 mm. in diameter and 100 mm, 
in length (1 by 4 in.) and made of glass about 1 mm, in thickness. Place in a 
16-oz. salt- mouth bottle of clear glass, about 70 mm. in diameter and 150 mm. 
high (2.8 by 6 in.), fitted with a cork, which is perforated so as to hold the tube 
rigidly when in position. Suspend the thermometer, graduated to 0.1° C., so 
that it can be used as a stirrer, and stir the mass slowly until the mercury 
remains stationary for thirty seconds. Then allow the thermometer to hang 
quietly, with the bulb in the center of the mass, and observe the rise of the 
mercury. The highest point to which it rises is recorded as the titer of the 
fatty acids. 

Test the fatty acids for complete saponification as follows ; 

Place 3 ml. in a test-tube and add 15 ml, of alcohol (95% by volume). 
Bring the mixture to a boil and add an equal volume of ammonium hydroxide 
(0.96 sp.gr.). A clear solution should result, turbidity indicating unsaponified 
fat. The titer must be made at about 20° C. for all fats having a titer above 
30° C. and at 10° C. below the titer for all other fats. 

REFERENCES 

Heftcr, G. Technologie der Fette, Oele, und Wachsarten des Pflanzen und Tier- 
reichs. 4 volumes, 1906. , ,,7 v 

Ubbelohde, L. Chemie, Analyse und Gewinnung der Oele, Fette und Wacnse. 
4 volumes, 1908. 


EDIBLE FATS 


These include butter, lard and hardened oils. 

Butter is examined for water, fat, ash, curd, and salt; these are usually 
present in the following proportions; 



Per cent 

Average per cent 


78 -90 

82 

Water . 

5 -20 

12 

Balt 

0.4-15 

5 

Curd 

O.l- 5 

1 


These are determined as 
platinum Gooch crucible half 
100° C. to constant weight. 


follows: weigh about 2 grams of butter into a 
filled with ignited fibrous asbestos, and dry it at 
The loss is the amount of u^afer. Dissolve out 
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the fat by repeated treatment with petroleum ether and again dry to constant 
weight. The loss represents the amount of jat. Ignite the crucible with a low 
flame or in a muffle, being careful not to volatilize the salt, until a light-gray ash 
is obtained. The loss represents curd and the residue ash. By extraction of 
the ash with water, and neutralization with calcium carbonate, the salt can be 
titrated with silver nitrate. 

Examination of the Fat . — Butter is adulterated with oleomargarine, reno- 
vated butter, and cocoanut oil. The first may be detected by testing for 
cottonseed or sesame oil either by the color tests or by the index of refraction; 
this at 25® is for butter 1.45^1.462, for oleo. 1.465-1.470. Owing to the fact 
that butter contains a large per cent of volatile fatty acids (butyric, caproic, 
caprylic and capric acids, in all about 8%), adulterants may be detected by 
determining the amount of these. The process usually employed is that of 
Reichert modified by Meissl. 

Five grams of the clear fat, filtered through absorbent cotton, are weighed 
into a 250-ml. round-bottomed flask and saponified by 2 ml. potassium hy- 
droxide 1 : 1 and 10 ml. of 95% alcohol, under a return flow condenser for 
twenty-five minutes. The alcohol is rapidly evaporated off on the water bath 
until no odor of alcohol is perceptible. Add slowly 160 ml. of recently boiled 
distilled water which has been cooled to 50® or 60®; warm the flask until a 
clear solution of the soap is obtained. Cool to about 60® and add 8 ml. sulfuric 
acid 1 : 4 to liberate the fatty acids. Drop into the flask two bits of pumice 
(about the size of peas) which have been heated and quenched in water, and 
tie in a well-fitting cork; warm the flask until the fatty acids have melted and 
are floating on the liquid. Cool to about 60° and attach the flask to a con- 
denser, using a trap to prevent the sulfuric acid from being mechanically 
carried over; 110 ml. are distilled into a graduated flask in as nearly thirty 
minutes as possible. Thoroughly mix the distillate, pour through a dry filter, 
and titrate 100 ml. with N/10 NaOII, using phenolphthalcin as an indicator. 
Multiply the ml. of alkali by 1.1 and calculate them to 5 grams of fat. The 
Reichert-Meissl value for butter is from 24 to 34, the average is about 28.8; 
cocoanut oil gives 6-8 and other fats less than 1. 

The procedure is a conventional one and should be followed as exactly as 
possible. Cocoanut and other vegetable oils would be shown by the fact that 
the unsaponifiable matter would contain phytosterol; also by the Polcnske 
number.^*^ Renovated butter is best shown by the “ Spoon or Foam Test.” 
This consists in melting a third of a teaspoonful of the sample in a tablespoon 
over a small flame and stirring with a match. Increase the heat until the fat 
boils briskly, stirring thoroughly several times. Oleomargarine and rcnovatc<l 
butter boil noisily, sputtering like a mixture of grease and water and produce 
no foam. Butter boils with less noise and much foam sometimes rising over 
the sides of the spoon. The pieces of curd in butter are much smaller than in 
either of the others. 

Preservatives, benzoic, boric and salicylic acids, may be examined according 
to the procedure given in Woodman and Norton, “ Air, Water and Food/' pp. 
154 and 196. 

Z. Nahr. Genussm., 7, 193, 1904, also Gill, “Oil Analysis." 
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ColoT may be detected according to Allen, Commercial Organic Analysis,’^ 
4th Ed., Vol. II, or Leaches “ Food Analysis.’^ 

Lard is adulterated with water, 25% being added in some cases, with cotton- 
seed oil or stearine and beef stearine. 

WoteT is determined as with butter; cottonseed oil or stearine by the usual 
tests. It should be borne in mind, however, that hogs fed on cottonseed meal 
yield a lard which will give the Halphen test as strongly as if it contained 25% 
of the oil. ^ The iodine number and the presence of phytosterol will confirm this 
test; the iodine number varies widely according to the source of the fat, but 
in general it may be said it should be between 46 and 66. 

Beef stearine is very difficult if not impossible of detection. For this, refer- 
ence may be had to Lewkowitsch, 5th Ed., Vol. II. 


HARDENED OILS 

As the name denotes, these are oils which have been changed to more or 
less solid fats by the addition of hydrogen, in the presence of a catalyst, usually 
a compound of nickel. This betrays their presence and may be tested for as 
follows: 

Ten grams of the fat are heated on the water bath with 10 ml, of hydro- 
chloric acid (sp.gr. 1.12) with frequent shaking for two or three hours. The 
fat is removed by filtering through a wet filter, receiving the filtrate in a porce- 
lain dish; after partial evaporation of the filtrate 2 or 3 ml. of concentrated 
nitric acid are added and the evaporation continued to dryness to ensure the 
destruction of the organic matter. The residue is dissolved in a few ml, of 
distilled water, a few drops of a 1% solution of dimethylgly oxime in alcohol 
added, and a few drops of dilute ammonia. The presence of nickel is shown 
by the appearance of the red-colored nickel dimethylglyoxime. The amount 
of nickel can be determined colorinietrically by comparison with solutions 
containing known quantities. 

The quantity of nickel is very minute, not as much as the fats take up when 
cooked in nickel or nickeled dishes, and need cause no apprehension. 

Hydrogenation destroys all the characteristics, particularly the color tests, 
by which the different oils may be sometimes detected. 

Kerr, J. Ind. and Eng. Chem., 6, 207, 1914. 
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WAXES 

These, as will be remembered, contain no glycerine; the tests applied to 
them are the same as to the oils. The characteristics of the more commonly 
occurring waxes are given in the table, p, 1797 ; sperm oil, which is really a liquid 
wax, is included among the oils. 


MISCELLANEOUS OaS AND LUBRICANTS 


Properties of Some of the Mineral Oils 


Oil 

Specific 

Gravity, 

Deg. Baum6 
at 60° F. 

Flash 

Point, 

°F. 

1 

Viscosity 
(Saj^bolt), 
at 70“ F. 1 

Cold Teat, 
Deg. Fahr. 

Black 

29 

325 

100-120 1 

5-15 

Ice machine 

26-27 

325-360 

66-100 i 

0-4 

Crank case 

2^27 

455 

100 1 

— 

Transformer 

— 

340-380 

400 

25 

Turbine 

1 30 

420 

160 

— 

Spindle 

30-35 

1 320-390 

58-156 ! 

— 

Loom 

28 

1 360 

203 1 

— 

Engine 

27-30 

410 

190-210 

— 

Cylinder 

23-25 

525 

200-300* 

— 

Cylinder 

26-28 

406-575 

— 

— 


* At 212® F. 

Belt Dressings are (1) mixtures of fats, waxes, degras or tallow with castor 
or fatty oils; (2) vulcanized corn or cottonseed oil thinned with naphtha; 
(3) preparations containing wood tar; or (4) preparations containing rosin, 
which is undesirable. Black oils, car oils, well oil or reduced oils are crude oils 
from which the naphthas and burning oils have been separated by distillation. 
Crank-case oils are pure mineral oils which emulsify but little with water. 
Milling-machine or soluble oils are lard, sulfonated oils or mineral oils held in 
suspension in water by soaps or alkalies, as borax or soda ; the soaps used are 
either ammonium, sodium or potassium with resin, oleic or sulfofatty acids. 
Rosin oils are obtained by distilling or “ running ” rosin, each distillate being 
called a “ run ” and numbered according to the times it has been distilled. 
They oxidize quite rapidly and should not be used as lubricants except as soaps 
in lubricating greases. Screw-cutting oils are often mixtures of 27* B6. paraffin 
and 25% fatty oil, preferably cottonseed, although lard oil was formerly used. 
Stainless oils are spindle or loom oils mixed with fatty oils — lard or neatsfoot. 
Transformer oils should be either pure mineral or rosin oils and as free as 
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possible from water, acid, alkali and sulfur* Turbine oils should be of excellent 
quality, free from acid and tendency to resinify, and low in sulfur. Watch 
oil is obtained from the porpoise, dolphin, or blackfish, where it exists in cavities 
in the jaw and in the brain or “ melon of the fish. Lubricating greases are 
mixtures of soaps of palm oil, tallow or rosin oil (with lime or soda as bases) 
with various oils or fats such as rosin, tallow or mineral oil. The best are those 
made from tallow by saponification with caustic soda. They may also contain 
finely powdered talc or graphite. Non-fluid oils are oils or their greases stiff- 
ened with ** oil pulp ” or “ dope,^^ i.e,, aluminum oleate or palmitate. 

The source, preparation and uses of the various oils and greases are de- 
scribed in Rogers and Aubert’s Industrial Chemistry, Chapters XXII, XXIV, 
XXV and XXVII. 

For the guidance of the analyst, the characteristics of the more frequently 
occurring oils are given, the usual figures being given in italic. 

The animal and vegetable oils may be classified into 

Drying. — Linseed, Chinese wood, poppyseed, sunflower and menhaden. 

Semi-drying. — Corn, cottonseed, sesame, rape, black mustard and horse. 

Non-dr3dng. — Castor, almond, peanut, olive, cocoanut, palm, seal, cod-liver, 
elaine, lard, neatsfoot, tallow, sperm and whale. 

REFERENCES 

Lewkowitsch, ''Technology and Analysis of Oils, Fats and Waxes.” 3 vola. 

Gill, "A Short Handbook of Oil Analysis.” 

Battle, “Industrial Oil Engineering.” 

Lockhart, “American Lubricants.” 
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CHARACTERISTICS OF THE FATTY ACIDS FROM SOME OILS 


Oil. 

Refr, Ind. at 
60** C. 

M.pt, °C. 

Solidifn. Pt. 
°C. 

Iodine 

Prr cent. 

Almond 

1.4461 

13-14 

9-11.8 

93.5-96.5 

Castor 

1.4546 

13 

3 

86-88 

Chinese wood 

— 

40-43.8 

31,2 

145-159.4 

Cocoa nut 

1.4295 

24-27 

15-20 

8.4-9 

Codliver, Medicinal 

— 

- 

17-18 (titer) 

164-171 

Corn 


18-21.6 

14-16 

113-125 

Cottonseed 

1.446 

34-40 

32-35 

105-112 

Elaine | | j 



Horse 1 [ 37 . 5-39 . 5 j 

33.6-37.7 

84-87 




Linseed ) 1.4546 j 17-24 j 

13-17 1 179 209.8 

Menhaden 

Xo figures avhiil ble. j 

Black Mustard 

1 .4665 at 20° 1 9-17 | 6-8 [ 108-126.5 

Neatsfoot 

— i 28.5-29.8 

i 

16-26 . 5 ! 62-77 

(titer) 1 

Olive i 1.4410 i 19-31 j 17-24.6 j 86-00 

Palm 


47.7-50 i 36-48 

i 44 

53.3 

Peanut 

1 . 4461 27-35 

22-32.5 

95-103 

Poppyseed 

1.4506 1 20-21 

16.5 

139 

Rape 

1.4491 

16-22 

16-18 

99-105 

Seal 

- 

14-33 

13-17 

186-202 

Sesam' 

1.4461 

23-32 

18-26 

109-112 

Sperm 

— 

13-21 

16 

83-99 

Sunflower 

1.4531 

17-24 

17-18 

124 

Tallow 





Whale 

— 

14r'27 

23-24 

130-132 
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Kinematic Viscosity ~ 
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Time 


1 2 



Fig. 2.58. — Viscosimeter Conversion Chart 


(Directions for Use of Chart) 

OBJECT: To find the viscosity reading of a particular oil on any of the standard 
viscosimeters when its reading on one of the viscosimeters has been determined by 
experiment at the same temperature. 

SCATjES: There are two sets of scales which must not be confused with each other. 

X; The scales at bottom and left hand side go together. They are the ones regu- 
larly used in practice applying to all ordinary oils. 

Y : The scales at top and on right hand side go together. They are rarely used, 
applying only to very viscous products beyond range of other scales. 

Power (1922), 377. 
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Note. — ^There are two lines of scales at the bottom: (a) The lower scale applying 
only to degrees Engler. (b) The upper scale applying to all other readings, including 
Engler-time. In simply changing from one viscosimeter to another the scales at left 
and right are not used. The scales at top must never be used in connection with those 
at the bottom. 

APPLICATION OF CHARTS: X: For ordinary cases. — GIVEN: Saybolt Uni- 
versal Viscosity — 120". DESIRED: Case (a) Barbey reading. Case (b) Engler- 
Degree reading. PROCEDURE: Find point on bottom scales for Saybolt Universal 
corresponding to 120" (A). Follow up vertically to curve marked Saybolt Universal 
(the known instrument) (B). (a) To get Barbey reading: Follow horizontally to 

curve marked Barbey (C). Drop down to bottom scale for Barbey and read (C). 
Reading = 265 deg. (b) To get Englcr-Degrce reading: Follow horizontally to curve 
marked Degree s-Engler (E). Drop down to lower of the two bottom scales for Engler- 
Degrees and read (F). Reading = 3.62 deg., i.e., 120" Saybolt = Barbey 265 deg. 
=s Engler 3.62. 

Y : For very viscous fluids beyond range of other scales. GIVEN : Engler-Degrees 
= 1100 deg. DESIRED: Saybolt Enrol reading. PROCEDURE: Find point on 
upper scales under Degrecs-Engler corresponding to 1,100 deg. Follow vertically 
down to Degrecs-Engler curve. Follow horizontally to curve marked Furol. Rise 
vertically to scales under Furol and read, Reading =3800", ie., 1,100 deg. Engler 
= 3,800" Furol. 


Multiplying Factors to Reduce Saybolt Times to Engler Numbers or to 
Redwood Times > 


Saybolt Times 
Seconds. 

Factor Saybolt 
Time to Engler 
Number. 

Factor Say- 
bolt Time 
to Redwood 
Time. , 

Saybolt Times 
Seconds. 

Factor Saybolt 
Time to Engler 
Number. 

Factor Say- 
bolt Time 
to Redwood 
Time. 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

55 

60 

65 

70 

0.0357 

.0352 

.0346 

.0342 

.0337 

.0334 

.0330 

.0327 

.0323 

.0320 

.0317 ; 

.0314 1 

.0308 
.0302 
.0207 
0.0293 

0.95 

.95 

.94 

.94 

.94 

.93 

1 .93 

.92 
.92 
.91 
.91 
.90 
.90 
.89 
.88 
0.87 

1 

75 

80 

85 

90 

95 

100 

no 

120 

130 

140 

160 

180 

200 

i$66 

0.0289 

.0286 

.0284 

' .0282 
.0280 
.0279 
.0276 
.0274 
.0272 
.0271 
.0269 
.0268 
.0267 

0.0267 

0,86 

,86 

.86 

.85 

.85 

.85 

.85 

.84 

.84 

.84 

.84 

.84 

.84 

6-^ 


‘ The Engler number is the quotient of Engler Time divided by the water value 
of the instrument at 20® C, in seconds. 


Reagents 

The reagents used in oil analysis are few and easily obtained. A list and 
tlieir method of preparation is here given.^®^ ^ ^ , .v. 

Acetic Acid, Glacial C.P., 99.5% pure. The determination of its streiig^ 
should be made by titration and not by specific gravity, as the 98 oU/o 

Proc. Am. Soc. Test. Mat., IS, 1, 288, 1915. 
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acid have the same specific gravity, 1.067, The determination of the melting- 
point gives results equally good with those obtained by titration and requires 
less time.^®2 It is made after the manner of the titer test (p. 1784), the 
tube being half filled, chilled to 10 to 11® C., and further chilled by placing 
the outside bottle in ice-water; the temperature of the super-cooled acid rises 
to its melting-point, w'here it remains stationary for some time. The melting- 
points of acids of various strengths are as follows : 

100%, 16.75® C.; 99.5%, 15,05°; 99%, 14.8°. 

For Hanus’s solution it must not reduce potassium bichromate and sul- 
furic acid. 

Acetic Anhydride, 

Alcohol. Commercial “ Cologne Spirits.” For the preparation of alcohol 
free from aldehyde for alcoholic potash, cologne spirits are treated with silver 
oxide as follow^s: grams of silver nitrate are dissolved in 3 ml. of ^vater, 

added to 1 liter of alcohol and thoroughly shaken ; 3 grams of potassium hydrate 
are dissolved in 15 ml. warm alcohol and, after cooling, added to the alcoholic 
silver nitrate and thoroughly shaken again, best in a tall bottle or cylinder. 
The silver oxide is allowed to settle, the clear liquid siphoned off and distilled, 
a few bits of pumice, prepared by igniting it and immediately quenching under 
water, being added to prevent bumping. Alcohol for use in the free acid deter- 
mination is prepared by placing 10 to 15 grams of dry sodium carbonate in 
the reagent bottle, taking care to filter it before use. 

Alcohol, Amyl. 

Bromine. The commercial article; also a N/3 solution, made by dissolving 
26.6 grams bromine in 1 liter carbon tetrachloride. 

Calcium Chloride. The dry and also the crystallized salt. 

Calcium Sulfate. Plaster of Paris. 

Carbon Tetrachloride. Baker and Adamson ^s C.P. or Kahlbaura's " Tetra- 
chlorkohlenstoff.” 

Chloroform. Squibb’s, U. S. P. 

Copper. Copper turnings or clippings, used for the generation of nitric 
oxide. 

Copper Wire. Cut in pieces of 0.3 to 0.5 gram. 

Ether. Squibb’s, U. S. P. 

Gasoline. Gasoline, 86° Baum^. 

Hydrochloric Acid, C.P. — Specific gravity 1.2. For N/2 HCl dilute 39 ml. 
of the above acid to 1 liter and standardize. 

Iodine Solution. Fifty grams of iodine to 1 liter of alcohol. For Hanus’s 
solution dLssolve by warming 13.2 grams iodine in 1 liter glacial acetic acid; 
cool and add 3 ml. of bromine. 

Lead Acetate. One hundred grams of the salt to 1 liter. 

Laemoid. Three grams per liter of dilute alcohol. 

Lacmoid Paper. Unsized paper dipped in above solution. 

Litmus Paper. 

Mercuric Chloride. Sixty grams of the salt to 1 liter of alcohol. 

Nitric Add. Specific gravity 1.34. 

Phenolphthalein. One gram of the substance to 500 ml, of alcohol. 

Mcllhiney, et al., J. Am. Chem, Soc., 29, 1224, 1907, 
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Meta-Phosphoric Acid, A saturated solution of the commercial "stick 
phosphoric acid" in absolute alcohol. 

Potassium Bichromate. Dissolve 3.8633 grams of the C.P. salt in 1 liter of 
water; 1 ml. is equivalent to 0.01 gram of iodine. The solution should be 
tested against iron wire containing a known percentage of iron. 

Potassium Hydroxide. N/2: Dissolve 30 grams of "potash by alcohol" 
in 1 liter of alcohol. N/6: Dissolve 10 grams of "potash by alcohol" in 1 liter 
of water and dilute to proper strength. The solution should be protected by 
"stick potash" from the carbon dioxide in the air. Ten per cent: Dissolve 
100 grams of "stick potash" in 1100 ml. of alcohol. 

Potassium lodaie. A 2% solution. 

Potassium Iodide. One hundred fifty grams of the commercial salt are 
dissolved in water and made up to 1 liter of water. This should be free from 
iodate, shown by yielding no coloration when acidified with strong HCl. 

Silver Nitrate. Thirty grams to i liter +0.4 ml, HNO 3 . 

Sodium. 

Sodium Chloride. Ordinary "coarse fine" sMt for freezing mixtures. 

Sodmm Hydrate. 36“ Baum6. Dissolve 300 grams of caustic soda in 
1 liter of water. 

Sodmm Nitroprusside. The commercial salt. 

Sodium Thiosulfate. N/10: Dissolve 26 grams of "sodium hyposulfite," 
in 1 liter of water. 

Starch Solution, Rub up in a mortar 1 gram of potato starch, with 10 to 
15 ml. of water, pour this into 200 ml. of water which is boiling actively, and 
continue the boiling for a few minutes. 

Sugar. Ordinarily granulated sugar. 

Sulfur. A 1 .5% solution in carbon bisulfide. 

Sulfuric Acid, C.P. This should be at least 99.5% pure, aad its strength 
be determined by titration, as 100% and 94.3% acid have the same specific 
gravity. 

Dilute. One part acid to ten parts water. ^ 

Nitrosulfuric Acid, for the Elaidin Test. A liter of sulfuric acid of 46 
Baum^ (1.47 specific gravity) is prepared by diluting 560 ml. commercial sul- 
furic acid to 1 liter; a few drops of nitric acid are added and nitric oxide (gen- 
erated from copper and nitric acid) passed in imtil it is saturated. The acid 
is then cooled in ice-water and the gas passed in until it is saturated at 0 C, 
This is called Roth’s liquid. 

The author wishes to acknowledge his indebtedness to Mr. Thomas T. bray 
for his careful review of this chapter. Mr. Gray’s broad experience in petro- 
leum products as Chief Chemist of Tidewater Oil Company, makes his criticism 
and suggestions of special value. 

^ Richmond, J, Soc. Chem. Ind., 9, 479, 1890. 
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JUNKER’S CALORIMETER FOR LIQXTID FUELS 
Directions for Working 

1. Fi llin g the lamp: Loosen the wng screw h, remove the arm with the 
gauge and pour about 150-200 cm,® of fuel into the recipient. Then put the 
gauge arm on again and close the opening by again tightening the screw. 

2, Setting up : Place the balance by the side of the calorimeter so that the 
burner of the lamp hangs exactly in the center of the combustion chamber of 
the calorimeter, aher which the lamp with its appendage g is hung from one 
arm of the scales and counterbalanced by putting weights on the other scale. 
By using a mirror the right position to be obtained can be easily controlled. 
The lamp can be turned around the appendage e, when the nut f is loosened. 



3. Starting: Remove the lamp again from the balance, fill the cup L be- 
neath the burner heat with spirit and light it. Then take the hood m and 
screw the air hose of the air-pump to the valve. When the spirit of small cup 
is nearly burnt out, press air into the recipient by vigorously pushing the air 
piston; the air acting upon the fuel, it will rise into the burner and gasify on 
its hot surface. The gas streaming out of the nozzle ignites itself on the spirit 
flame and feeds the gasification, even when the spirit i.s completely burnt out. 

If no gas streams out, the nozzle n is obstructed; it must be cleaned by 
means of the special pin included with the apparatus. An ordinary pin must 
not be used as in doing so damage would be done to the nozzle. 
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4. Regulation; Press as much air into the apparatus that a uniform and 
free burning flame is obtained. (The development of heat should be about 
1000 calories per hour, thus about 100 grams of petroleum, benzine or lubri- 
cating oil, or 130 grams of spirit must be burnt per hour.) 

If the flame is too large, the screw h should be slightly slackened so as to 
let some air escape. When the flame is well regulated, the small wing screw 
of the valve is tightened again, the pump is removed and the small hood m is 
screwed on the thread. 

5. Measuring; Now introduce the burner into the combustion chamber 
beneath the calorimeter and hang the lamp on one arm of the balance as 
indicated but not before having filled the calorimeter with water so that it flows 
out at the outlet. 

After having introduced the lamp, the thermometer at the water outlet 
begins to rise. By means of the regulating cock of the calorimeter the water 
supply must be regulated thus, that the dilTerence betw'een the inflowing and 
outflowing water is about 10-20®. After having reached the state of perma- 
nency, i.e.f when the thermometer does not rise any more, put a small weight 
on the scale k so that the arm of the balance goes down. The balance will only 
reach its state of equilibrium wLen a certain amount of fuel has been burnt. 

The moment when the pointer of the balance reaches the point of zero, 
the hose must be turned over the gauge. At the same time the cup k is charged 
■with 10-20 grams. After this, begin reading the two thermometers, doing 
this preferably at regular intervals. The trapping of the w^ater and the reading 
is interrupted the moment where the lamp again starts rising and the hand 
goes again through o. At this point 10-20 grams of fuel have been burnt. 

The higher heating value is calculated according to 



where If is the heating value in calories per gram, 

IT the quantity of the water trapped in kilos or liters, 

G the quantity of fuel consumed, in grams, 

T the difference of temperature between inflowung and outflowing water. 

Heating value of a kilogram = 1000//. 

In order to ascertain the low'cr heating value, the condensed water flowing 
off is caught in a small gauge, the numl)cr of milliliters of collected condensed 
water obtained from 10 grams of burnt fuel is multiplied by 60 and the number 
thus obtained is deducted from the upper heating value of a kilogram of fluidity, 
found in the calorimeter. 

6. Stopping the calorimeter; Slacken the screw' h of the lamp whereby the 
pressure of air will cease at once and the flame will be extinguished. 

Annotations; The burner head with the small nozzle is designed for fuels 
rich in carbon (as petroleum, benzine, etc.), that w'ith the large nozzle for 
fuels containing water (spirit). The more carbon, the smaller the bore. 
Spirit requires the smallest pressure of air, under 200 millimeters; mineral 
and lubricating oil the highest. Vegetable and animal oils must be used for 
combustion only if they are completely volatilized at a boiling point of 250 
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at the highest. Thus, several oils cannot be used, for instance, neat’s foot oil, 
rape oil, olive oil. 

Mineral lubricating oils may be used, if they evaporate completely at 250®. 

If the preliminary warming is not sufficient, or the pressure of the air is too 
high, the burning is subject to sudden shocks; by slackening the screw h and 
warming up again, this inconvenience will be done away with. 

When lubricating oil has been burnt, the lamp must be well cleaned with 
petroleum followed by benzine. Then the lamp should be soaked with a 
quantity of the liquid fuel which is to be tested. Only when this has been 
done, the liquid fuel for a new measuring may be poured into it. 

There is no danger whatever of explosion, even with benzine, as the flame 
will never get back into the recipient, as the pipe and the small nozzle are 
always filled with fluid. Naturally benzine should not be poured into the 
recipient in the proximity of the burning lamp. 


THE DETERMINATION OF TETRAETHYL-LEAD IN GASOLINE 

Two hundred (200) ml. of the gasoline sample, measured in a volumetric 
flask, are chilled in ice water for at least ten minutes and then poured into a 
500-mI. separatory funnel, supported in a ring stand. 

Place a chemically clean 600-ml. beaker under the separatory funnel. This 
is done at the start to avoid loss in case a drop of the concentrated Pb solution, 
subsequently formed, should seep past the stopcock. Add very slowly (drop- 
wise at first) and with gentle agitation, 20 ml. of a solution of 1 part by volume 
of C.P. liquid bromine (Br) and 2 parts of carbon tetrachloride (CCh). Let 
stand with occasional shaking for fifteen minutes. Add ten ml, of concen- 
trated C.P. nitric acid and agitate carefully ^ avoiding loss due to gas pressure. 
Allow the acid to settle and draw it off into the 600-ml. beaker. Wash down 
the sides of the funnel with about 20 ml. of distilled water and draw off the 
water into the beaker. The wash water at this point is to facilitate drawing 
off the most concentrated Pb solution without loss through dripping from the 
stem of the funnel and without drawing off any of the gasoline layer. Repeat 
the acid and water washing as outlined above, agitating somewhat more vig- 
orously. Make three final water washes of about 50 ml. each and shake thor- 
oughly with these portions. 

The beaker should now contain all the Pb in solution. It should contain 
very little gasoline because by the above procedure it is not necessary to draw 
off the aqueous layers very close to the gasoline line. Boil the solution in a 

By R. H. Pierson, Chief Chemi.st of the Gilmore Oil Co., Ltd. 

Note, — Reasonable care should be exercised to avoid contamination of the Pb 
solutions from the use of wire on stopcocks and .stoppt^rs of separatory funnels, and from 
metallic ring supjwrts. CoiLsiderable amounts of fumes of Br, HBr, CCU and gasoline 
are evolved in the .shaking procedure, and fine wire is usually used to avoid loas of 
stoppers through the force of the ga.s pressure generated. If wire is used, it is well to 
tie cloth over it to prevent any stray drops of acid from carrying metal into solution. 
Such metal can be removed by subsequent procedure, but it is preferable to avoid 
of time so occasioned. 
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good hood until the volume of liquid is reduced to 30 or 40 ml. Dilute to 
100 ml, with distilled water and filter. Make the clear filtrate just ammonia- 
cal, using litmus paper as indicator. Bring just acid to litmus with weak acetic 
acid and add an excess of only five or six drops of glacial acid. Heat nearly 
to boiling and add 10 ml. of a 10% solution of K2Cr207. Boil three or four 
minutes to coagulate the PbCrO^, filter hot through a tared asbestos Gooch 
crucible, wash well with water, and dry in an oven at 100° C. 

Finally, ignite as follows: Place the Gooch crucible inside a wide form 
porcelain crucible and heat the outer crucible with a small bunsen flame. The 
flame should be about one inch in height and its top should just touch the 
bottom of the crucible. The PbCrO^j will darken slightly, which is normal. 
Excessive heating should be avoided ; it is only necessary to bring about com- 
plete dehydration. Cool and weigh the Gooch crucible. Calculate to Pb or 
Pb(C2H&)4 by the following factors: 

PbCrO4X0.6411 = Pb, 

PbCr04X 1.0000 = Fb(C2H5)4. 

The following factors apply on the basis of the 2O0-ml. sample as outlined in 
the procedure. 

g. PbCr04 weighed X 3,2055 = g. Pb per liter of gasoline, 
g. PbCr04 weighed X 5,003 -g. Pb(C2ll6)4 per liter of gasoline. 

Taking into account also the specific gravity of Pb(C2Hfi)4, g. PbCr04X 11.415 
= ml. Pb(C2H5)4 per U. S. gallon of gasoline. 

It is not difficult by the above method to obtain results on duplicate tests 
which check within 0.05 ml. Pb(C2H5)4 per gallon when working on gasolines 
containing about 2 ml. per gallon. In general, check determinations should 
not show more than 2% variation. 

Determination of Nitrobenzine in Oils Used fox Oiling Floors 

Procedure.— Shake 20 ml. of oil with 1 ml, of concentrated HOAc until 
homogeneous, add about 0.2 g. of Zn powder, heat until the odor of PhNOj 
is gone, cool, decant into a .separating funnel, wash the excess Zn 3 times with. 

1 ml. of diluted HOAc and after filtering these washings add them to the 
funnel, shake, let stand, separate the red-brown lower layer and divide into 

2 parts. (1) To 1 part add 2~3 vols. of EtsO and a “ pinch ” of PbOa. The 
liquid immediately turns violet and on agitation the EtiO absorbs this color. 
(2) To the second part also add Et.O as before and then a few drops of aqueous 
KzCrjOj, Tlie aqueous layer becomes green, then yellow-red, and in the EtsO 
the same violet color appears as with Pb02. By means of standard color 
tubes w’hich are prepared under the same conditions with known amounts of 
PhN02 in a hydrocarbon oil the amount of PhN02 in the oil under investiga- 
tion can be estimated. About 0.05 per cent PhN02 is the minimum which 
can be detected. The intensity and tone of the colors are influenced by the 
conditions of the reactions, so that both the amounts of liquids and the condi- 
tions must be carefully controlled. The use of a colorimeter serves to increase 
the precision of the test.’^ 

Pietro Biginelli, Alti congresso naz. chim, ind. 1924, 274-6. G. C. Davis, C. A. 
19, 1391, May, 1925. 



PETROLEUM AND ITS PRODUCTS. TESTING AND- 
INTERPRETATION OF RESULTS' 


The modern refining methods with the growing demand of greater efficiency, 
better products and the reclaiming of former waste products places petroleum 
chemistry in a very important place in the chemical industry. The testing of 
crude oils and their products determines the methods used in refining and gives 
an accurate evaluation of the oils to be refined. 

Petroleums may be classed as paraffin, asphaltic and mixed base crude. 
The paraffin base petroleum is made up of the straight chain hydrocarbons 
having a formula They are saturated hydrocarbons and are not 

acted upon by sulfuric acid. The asphadic base contains the naphthenes 
(CnHon) or cyclic compounds and aromatic hydrocarbons. The mixed crudes 
are a combination of paraffin and asphaltic compounds. 

Petroleums frequently have otlter compounds than the hydrocarbons men- 
tioned, such as the compounds containing oxygen, nitrogen, and sulfur. Those 
may be of industrial significance but are generally considered as the undesirable 
qualities which should be removed. Foreign matter such as water, sand, clay 
and asphalt may be found as suspensions and emulsions. The information 
as to their presence may avoid much trouble in the distillation as they often 
form the emulsifying agents for permanent emulsions or decrease the tempera- 
tures in which ‘‘ cracking ” begins. 

The increa.sed demand for gasoline has increased the “ cracking ” of the 
higher molecules and has made the tests for unsaturates, carbon in colloidal 
form, fixed gases and gases containing gasoline, of great importance in most 
commercial plants. 

The reclaiming of the waste matters and the making of by-products by the 
treating of the fractions containing the sulfur and nitrogen compound makes 
a careful and accurate testing of these compounds of greatest importance. 

The examination and evaluation of the petroleums and their products should 
be done in an accurate and systematic manner, so that the combined results 
will give a workable knowledge. The complexity of the petroleums or their 
fractions makes most tests have little value or they may be very misleading 
unless accompanied by other data. The conclusions arrived at should be 
verified by other t€.sts and a complete report made as to the results. 

The following tests mentioned will be found in detail in other parts of this 
text. Each te.st should have a definite point to determine and all data re- 
corded in a logical manner. 

^ Contribution by Robert C. Beckstrom. 
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TESTS MADE ON CRUDE PETROLEUM AND ITS PRODUCTS, 
INCLUDING THE INTERPRETATION OF RESULTS 

Crude Oils 

The Physical Tests. — The color of petroleum gives little information unless 
other than green or black. Other colors may indicate contamination with 
clays, sands or water. 

Odor . — The odor of petroleum may indicate in a general way the fields from 
which the oil came. A gasoline indicates a pure paraffin base crude with high 
gasoline content. The aromatic and pyridine odors are common to some of 
the crude oils from California, Texas, Rumania, Russia, and is found in shale 
oils. The odor of pyridine is more pronounced if the sample is agitated with 
potassium hydroxide solution. A slight terpene odor may be detected in some 
of the Gulf Coast oils. 

The specific gravity or Baum6 gravity ^ of a crude indicates the approxi- 
mate amount of light oils. This test should be followed by the distillation of 
the crude oil for an accurate determination. 

The test for sediment and water (page 1761) determines the need of dehydra- 
tion, the types of stills used for refining or whether it will be accepted for pipe 
line transportation. In the heavier crudes, water may be in such small droplets 
that considerable care must be taken to complete the separation. 

The fractional distillation of petroleum gives a fair determination of the 
amounts of gasoline, kerosene, fuel Oil, and lubricating oil. It is found that 
any one method of distillation for the different kinds of petroleums is unsatis- 
factory when fractions are identified by their boiling points alone. These 
results should be supplemented with other tests. The asphaltic and mixed 
base petroleums begin to crack at lower temperatures than the paraffin base 
petroleums and the products of distillation will be found to be much different. 
A crude oil with emulsions or finely dispersed particles of water in it must first 
be dehydrated before a distillation can successfully be made. 


STANDARD METHOD OF TEST FOR DISTILLATION OF 
CRUDE PETROLEUM^ 

A. S. T. M. Designation:, D 286-36^ 

Scope.-This method is intended for determining the percentages and dis- 
tillation range of the naphtha in any crude oil of the class commercially known 
as refinable crudes. This metliod does not attempt to specify what quahty of 
product shall be defined as naphtha nor can it be expected to duplicate the 


^The specific gravity = 


Hl.r) 


= UndeT^hc ;tanrhi:dir|in 
ttSlhVtgh'th^oouSroU^ ^Vmerican Society for Testing Matcnals. 

fixed 

cates the year of original adoption lus standard or, m I'he » Hevised 1936. 

revision. Issued as Tentative, 1928; Adopted ‘^Amended lorm 
This method has been approved as American Standard by the Amencan 
Association. 
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results of commercial refining operations. It defines apparatus and procedure, 
leaving selection of numerical limits and interpretation of results to be agreed 
upon by the interested parties. 

Apparatus. — Flask . — The distillation flask shall be of the type illustrated 
in Fig. 259, the dimensions and allowable tolerances being as follows ; 




Centimeters 


'I'olc ranees 



CrnOmeters 

[nehes 

Diameter of bulb, outside 

10.2 

4.0 

±0.2 

±0.08 

Diameter of neck, outside 

2.9 

1.125 

±0.1 

±0.04 

Length of neck 

Distance, top of neck to center of vapor 

25.4 

10.0 

±0.4 

±0.16 

tube • • • 

6.4 

2.5 

±0.3 

±0.12 

Length of vapor tube 

17.2 

6.75 

±0.5 

±0.20 

Diameter of vapor tube, outside 

0.8 

0.3125 

±0.1 

±0.04 
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The vapor tube shall be set at an angle of 75® ±5® with the neck of the flask. 

Fractionating Column . — The fractionating column (see a, Fig. 260) shall be 
made of a length of No. 18 iron jack chain, enough to pack under its own weight 
into a column 2.54 cm. (1 in.) in diameter 
and 16.51 cm. (6J^ in.) in length. It may 
conveniently be “ strung ” on a loop of wire 
so that it hangs in loops about 2 ft. in 
length, which makes the chain more con- 
venient to handle than when it is not 
looped together. The device used for .sup- 
porting the column (see Fig. 260) shall 
be made of a suitable length of wire, pre- 
ferably, though not necessarily of nickel- 
chromium, about No. 18 gage. One end 
shall be wound in a spiral a little less than 
1 in. in diameter, and the remaining wdre 
shall be bent at right angles to the plane of 
the spiral and cut off at a length of about 
93^ in. A small loop shall be bent into the 
end away from the spiral and put through 
a hole drilled in a strip of spring steel (see c, 

Fig. 260) or other suitable material about 
0.015 in. in thickness, in. in width, and 
3 in. in length, bent around a cylinder 1 in. 
in diameter. When allowed to expand this 
spring strip should hold firmly on the inside 
of the neck of the flask and provide a secure 
support for the column of chain. 

ThcrmomeiBT . — The A. S. T. Low-Distillation Thermometer, conform- 
ing to the requirements specified in Section 6 (a) of the Standard Method of 
Test for Distillation of Gasoline, Naphtha, Kerosene, and Similar Petroleum 
Products (A, S. T. M. Designation: D 86) of the American Society for Testing 
Materials ^ shall be used. 

Condenser. — The condenser shall consist of a i^-in. (14.29-mm.) OD No. 20 
Stubbs Gage seamless brass tube, 22 in. (55.88 cm.) in length. It shall be set 
at an angle of 75® from the perpendicular and surrounded with a cooling bath 
15 in. (38.1 cm.) in length, approximately 4 in. (10.16 cm.) in width, by 6 in. 
(15.24 cm.) in height. The lower end of the condenser tube shall be cut off 
at an acute angle, and curved downward for a length of 3 in. (7.62 cm.) and 
slightly backw'ard to insure contact wdth the wall of the graduate 1 to in. 
(2.54 to 3.18 cm.) below the top of the graduate when it is in position to receive 

the distillate. , 

Shield and SupporU^^h^ shield shall be of any convenient type having a 
minimum horizontal dimension of 6 in. The flask shall rest on a board of 



Fig. 260.— Fractionating Column 
and Supporting Device in Hempel 
Flask. 


« 1936 Rook of A. S. T. M. Sbmdards, Part II. P- W05, 

® An illustration of the condenser and of a suitable shield and sup^rt are shown 
in Fig. 2 of the Standard Method of Test fur Distillation «f 

5cne, and Similar Petroleum Products (A. S T M. De^gnation: D Sfi^of the ^encan 
Society for Testing Materials, see 1936 Book of A. S. T. M. Standards, Part . 
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(0.64-cm.) transite or hard asbestos, in the center of which is cut a hole 3}/2 in. 
(8.9 cm.) in diameter. The board shall not be less than 6 in. (15.24 cm.) in 
width and shall be supported by an ordinary ring stand and ring. 

Gas Burner or Electric Heater: (a) Gas Burner, — The burner shall be so 
constructed that sufficient heat can be obtained to distill the product at the 
uniform rate specified below. The flame should never be so large that it 
spreads over a circle of a diameter greater than 5 in. (12.7 cm.) on the under 
surface of the asbestos board. A sensitive regulating valve is a necessary 
adjunct, as it gives complete control of heating. 

(&) Electric Heater. — The electric heater, which may be used in place of the 
gas flame, shall be capable of maintaining the distillation at the rate specified in 
Procedure (i). The electric heater shall be fitted with an asbestos board top 
3^ to in- (3.18 to 6.35 mm.) in thickness having a hole 3)4 in. (8.9 cm.) in 
diameter in the center. When an electric heater is employed the portion of 
the shield above the asbestos board shall be the same as with the gas burner, 


but the part below the board may be omitted. 

Measuring Graduates and Pipettes . — Filling charges and distillation frac- 
tions shall be measured with suitable accurate graduated cylinders or other 
volumetric glassware. A 300-ml. pipette with unconstricted outlet, similar 
to Fig. 261, is a convenient de\dce for measuring charges, but an accurate 
graduate may be used if desired. The regular 100-ml. graduate used in gasoline 



Fig. 261. — Mca.suring Pipette. 


distillations as specified in Section 7 
of the Standard Method of Test for 
Distillation of Gasoline, Naphtha, Kero- 
sene, and Similar Petroleum Products 
(A. S. T. M. Designation: D 86) of the 
American Society for Tc.sting Materials^ 
is reasonably satisfactory for measuring 
distillation fractions, but a graduate 
of similar dimensions that can be tightly 
stoppered is preferable. One can be 
made by cutting down a standard 
grariuate to remove the lip and then 
fire polishing. 

Procedure, — (u) The condenser 
bath shall be filled with cracked ice 
and enough water added to cover the 
condenser tube. The temperature shall 
be maintained between ,32^ and 34° F. 
(0 and 1.1° C.). Any other convenient 
cooling medium may be used pro- 
vided these temperature conditions arc 
maintained. 


(b) The condenser tube shall be swabbed or cleaned inside to remove any 
liquid remaining from a prcviou.s test. 

(c) The specific gravity of the oil to be tested shall first be determined in 
accordance with the Standard Method of Test for Gravity of Petroleum and 


’ 1936 Book of A, S. T, M. Standards, Part II. 
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Petroleum Products by Means of the Hydrometer (A. S. T. M. Designation: 
D 287) of the American Society for Testing Materials.^ 

(d) A quantity of the oil ** equivalent to 300 ml, at 60” F. (15.5° C.) shall 
be measured or weighed into the distillation flask by any suitable means. 
None of the liquid shall be permitted to flow into the vapor tube. 

(e) The supporting device for the fractionating column, Fig. 260, shall be 
put in place and the proper quantity of iron chain dropped in carefully so that 
it fills the space uniformly and without channels. Tapping the flask while the 
iron chain is being added is helpful, but the column shall not be compressed 
after all the chain is in place. 

(/) The thermometer, provided with a cork, shall be fitted tightly into the 
flask, so that it will be in the middle of the neck and so that the lower end of the 
capillary tube is about yV below the level of the inside of the bottom of the 
vapor tube at its junction with the neck of the flask. 

{g) The charged flask shall be placed in position on the hard asbestos board, 
used with the gas burner or the electric heater and connected to the condenser 
with a carefully fitted cork through which the vapor tube passes. The position 
of the flask shall be adjusted so that the vapor tube extends into the condenser 
tube not less than 1 in. (2.54 cm.) nor more than 2 in. (5.08 cm.). 

{h) A clean, dry, graduated cylinder shall be placed at the outlet of the 
condenser tube in such a position that the condenser tube shall extend at least 
1 in. into the graduate. The graduate shall be immersed up to the level of 
about 1 in. below the tip of the condenser tube in a transparent container of 
water maintained at a temperature of from 32 to 40° F. (0 to 4.4° C.). During 
the distillation, the top of the graduate shall be covered closely with a piece of 
blotting paper or its equivalent, cut to fit the condenser tube tightly. 

(i) When everything is in readiness, heat shall be applied. The fractionat- 
ing column causes some little delay between the time when the liquid starts to 
boil and the time tlie vapor enters the condenser. It is, therefore, permissible 
to apply heat vigorously until the liquid begins to boil, then to slow down the 
application of heat so that the distillate begins to come over at a moderate rate. 
For the first 5 to 10 ml. distilled the rate shall be from 2 to 3 ml. per minute; 
thereafter, the rate of distillation shall be increased to from 4 to 5 ml. per minute. 

(j) Distillation—Vihon the thermometer reads . . the graduate shall be 
witlidrawn from beneath the condenser and the distillation discontinued. The 
graduate shall be tightly stoppered and allowed to stand until all sediment and 
moisture have settled out and until its contents have reached a temperature 
between 55 and 65° F. The total volume in the graduate shall then be read 
and recorded as /). The volume of water, if any, shall be read and recorded 
as IF. 

Tlie percentage of naplitha in the crude oil shall be calculated from the 
following formula : 

D-W 

Percentage of naphtha = — ^ ^ X 100 


Mn cG.se the water content of the crude oil raises bumping or in any case if the 
nude oil contains more than 2 per cent of watp, the sample shall be dehydrated by 
some suitable n\ethod, without loss of naphtha, before making the d^ermination. 

® The temperature at which tlie distillation shall be stopped can best be decided by 
mutual agreement between the parties concerned m the evaluation of a given crude 
ixjtroleum. 
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The whole procedure shall be repeated enough times to yield a total volume 
of distillate of not less than 100 ml. 

Naphtha Distillation . — The distillates shall be poured together (taking care 
to avoid losses by evaporation and rejecting the layers of water, if present) 
and shall be mixed thoroughly by shaking. A distillation test of the combined 
distillates shall be made in accordance with the Standard Method of Test for 
Distillation of Gasoline, Naphtha, Kerosene, and Similar Petroleum Products 
(A. S. T. M. Designation: D 86) of the American Society for Testing Materials,^® 
except that the initial boiling point shall be recorded and the volume of distillate 
collected in the cylinder shall be observed and recorded to the nearest 0.5 ml. 
when the mercury of the thermometer reaches 212° F. (100° C.), 221° F. 
(105° C.), 284° F. (140° C.), 392° F. (200° C.) and the end point. 

Accuracy. — Results of duplicate tests in the crude-oil distillation should 
not differ from each other by more than 0.5 per cent. 

Correction for Barometric Pressure. — The actual barometric pressure shall 
be ascertained and recorded, but no correction shall be made except in case of 
dispute, when the temperature points shall be corrected to 760 mm. (29.92 in.) 
by the use of the Sydney Young Equation, as follows: 

For Centigrade Readings : 

Cc = 0.00012(760 - P) (2734-<c) 

For Fahrenheit Readings: 

C =0.00012(760-P)(460+i/), 

in which Cc and C/ are, respectively, corrections to he added to the observed 
temperature tc or i/; and Pis the barometric pressure in millimeters of mercury. 

Sulfur may be detected by the odor of hydrogen sulfide or the mercaptans 
when a crude is heated. The sulfur tests as outlined on pages 1713 and 1756 give 
the quantitative measurements. The fact that sulfur is found in a petroleum 
does not follow that it will be equally divided in the distilled fractions. The 
author has found sulfur in varying amounts in the 10% fractions of the same 
crude oil with a slight variation in the method of refining. The importance 
of sulfur tests is not in the crude oil but in the products of distillation. 

Gasoline, Naphtha 

The .specific gravity, Baum^i or A. P. I., is taken with a hydrometer (page 
1704). This information without other data, such as the distillation curve or 
the knowledge of its being a straight run, natural gasoline, or blended product, 
is of little value in the determination of the quality of the gasoline. 

The yellow color in a gasoline (test, page 1742) indicates improper treatment 
with acid or sodium plumbite solution. A dark color may be caused by con- 
tamination with heavier hydrocarbons in pipe line or tank cars, and should not 
be confused wdth colors caused by other methods. 

The sweet ethereal odors of gasoline are characteristic of the gasolines from 
low sulfur paraffin base crude oil. Sour or “ cracked odor is characteristic 

“ 1936 Book of A. S. T. M. Standards, Part 11. See p. 1705. 
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of a gasoline incompletely refined and it is probably made from a high tempera- 
ture cracking process. 

The distillation test (page 1807) should be made with great care as a change 
in the rate of distillation, rapid or slow heating during the process gives inac- 
curate results. The distillation curve indicates a straight run, natural gasoline 
or blended product. The distillation range of a motor gasoline should conform 
to the following : 

Overpoint not more than 131® F. 

20% recovered in receiver not more than 221® F. 

50% recovered in receiver not more than 284® F. 

90% recovered in receiver not more than 392° F. 

End point not higher than 437° F. 

At least 95% of distillate recovered. 

The sodium plumbite test (page 1742) when positive indicates sulfur com- 
pounds that will cause the gasoline to turn yellow in storage. The gasoline 
giving a negative test may upon standing in the sunlight later give a positive 
test. This shows that the treatment of the gasoline has been incomplete and 
further treatment is needed. The sodium plumbate treatment may not de- 
crease the sulfur content and may increase it. It does, however, cause the 
sulfur compounds to become more stable so as not to cause the gasoline to 
become yellow. 

The testing for unsaturates (tests, pages 1766-1767) or the test by the United 
States Bureau of Mines may be used. The Maumen6 (page 1766) test is to be 
used only as a check as it is unreliable for highly unsaturated mixture. 

U. S. Bureau of Mines Test.— Five ml. of the gasoline are run into a clean, 
dry Babcock cream bottle and when cooled in ice water 200% by volume of 
sulfuric acid (1.84 sp.gr.) is added. A rubber stopper is then placed in the 
bottle and shaken with a rotary motion for several minutes. The gasoline and 
sulfuric acid then arc separated by adding sulfuric acid until the surface is 
about level with the upper graduation mark on the neck of the bottle. The 
bottle is allowed to stand twelve hours or it can be placed in a centrifuge and 
whirled at the rate of 500 to 1000 R.P.M. for three minutes, A reading of the 
volume of gasoline remaining is then made and the loss to sulfuric acid is 
calculated. 

The unsaturation gives information as to the amount of acid needed for the 
acid treatment. A highly unsaturated finished product may cause the deposi- 
tion of carbon and gummy matter in the cylinder of the motor. This point is 
not accepted by all authorities. 

Corrosion and gumming test (page 1742) indicates elementary sulfur com- 
pounds in the gasoline. The gummy material may be acid residues, poly- 
merization of highly unsaturated compounds or asphaltic bodies* 

“ Bulletin 323A, United States Bureau of Mines. 

Tech, paper 181. 
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STANDARD METHOD OF TEST FOR GUM CONTENT OF 
GASOLINE 

A. S. T. M. Designation: D 381-36 

Scope. — This test is a means of determining the amount of gum existent 
at the time of test in gasoline and other motor fuels boiling within the gasoline 
range. The results are indicative of the amount of gum deposition which may 
take place in service if the gasoline is used immediately but give no indication 
of the gum stability of the gasoline upon storage. Results obtained by this 
test are comparative only, inasmuch as the amount of gum residue obtainable 
from a given sample varies with the conditions of evaporation. In cases where 
the sample contains other dissolved non-volatile material, such as lubricating 
oil, such material may be obtained as residue along with possible gum; such 
samples obviously require special treatment, depending on the nature of the 
non-volatile material. 

Apparatus. — The apparatus shall consist of the following: 

(a) Beakers. — Berzelius-type beakers of heat-resistant glass, without lip, 
of 100-ml. nominal capacity. 

(&) Bath . — The bath shall consist of a closed vessel provided with a reflux 
condenser, a well into which the beaker fits, a coil for preheating the air as 
prescribed in the Procedure, and a conical adapter to deliver the air into the center 
of the beaker. A suitable form of apparatus is shown in Fig. 262. A multiple 
bath having similar provisions is also satisfactory. The bath shall be filled 
to within 1 in. of the top with a stable liquid having a boiling point within a 
temperature range from 320*’ to 330° F. G60° to 165.8° C.), ethylene glycol 
containing approximately 3% water being suitable for the purpose. The bath 
shall be insulated wdth asbestos. An electric hot plate capable of keeping the 
liquid boiling actively is the preferred heating means. In the absence of a satis- 
factory hot plate the bath may be heated by a gas burner, in which case the 
apparatus shall be placed in a hood with a good draft. 

(c) Air Supply. — Low'-pressure air, passing through a cotton or glass-wool 
filter and delivered to the preheater inlet of the bath. A flow meter or other 
air-measuring device shall be provided as shown in Fig. 262. The flow meter 
shall be calibrated when attached to the bath with the bath liquid at room 
temperature. 

Procedure. — (a) The test beaker together with a similar tare beaker shall 
be washed free from gum wdth a mixture of equal volumes of benzol and alcohol, 
immersed for at least 12 hr. in chromic-acid cleaning solution and washed 
thoroushly first with tap water and then with distilled water. Subsequent to 
removal from the cleaning mixture the beakers shall be handled only by means 
of a clean, dry, metallic holder. After washing, both beakers shall be drie<l 
thoroughly by heating to about 302° F. (150° C.), and then allowed to cool 

Under the standardization procedure of the Society, this method is under Iho 
mrisdiction of the A. S. T. M. Committee D-2 on Petroleum Products and Lubricants. 
Reproduced through the courtesy of the American Society for Testing Material-) 
260 S. Broad St., Philadelphia, Pa. 

“This method is Issued under the fixed designation D 381; the final number indi- 
cates the year of original adoption as standard or, in the case of revision, the year of la^t 
revision. Issued as Tentative, 1934; Adopted in Amended Form, 1936. 
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simultaneously for the same period of time, but not less than 1 hr. in a desic- 
cator. If the air in the balance to be used is dried with a desiccant then this 
same desiccant shall be used in the desiccator; otherwise no drying agent shall 
be used in the desiccator. The test beaker shall then be weighed, using its tare 
(Note) on the opposite balance pan. After weighing, the tare beaker shaU be 
replaced m the desiccator and the test beaker shall be placed in the well of the 
bath as shown in Fig. 262. The air flow shall be adj usted to a rate at the point 
of measurement of 1 liter per second ±15%. The bath shaU then be heated 




Fig. 262. — Apparatus for Determining Gum Content of Gasoline. 

SO that the temperature of the effluent air, measured by a thermometer placed 
on the bottom of the beaker at the center, shall be from 305'’ to 320® F. (151.7° 
to 160° C.). This is governed largely by the rate of boiling of the bath liquid 
3<nd the rate of air flow. 

Note, — For routine tests it is permissible to use the same beaker as a tare for more 
^uan one test beaker but not for more than six test beakers, provided all are heated at 
the same time. 
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(6) The conical adapter shall be removed and 50 ml. of the gasoline poured 
into the beaker after which the adapter shall be replaced on the air outlet so 
that it is vertically above the center of the surface of gasoline. After the gaso- 
line has evaporated, which should require from 8 to 14 minutes, the beaker shall 
be left in place for an additional 15 minutes, the air supply being maintained. 
During this 15-minute period the tare beaker shall also be heated to about 302° 
F. (150° C.). Both test and tare beakers shall then be allowed to cool simul- 
taneously and for the same period of time, but not less than 1 hr., in a desiccator 
under the same conditions as prescribed in Paragraph (o), and the test beaker 
weighed as before the test. The increase in weight of the test beaker repre- 
sents the amount of gum in the sample. 

Results. — Duplicate determinations shall be made and results shall be 
expressed in milligrams of gum per 100 ml. of gasoline. 

Accuracy. — Results obtained by different operators in different laboratories 
should not differ by more than the following values : 


For gum contents of 0 to 20 mg. per 100 ml 4 mg. 

For gum contents of 20 to 100 mg. per 100 ml 10 mg. 

For gum contents above 100 mg. per 100 ml 20 mg. 


Duplicate results obtained by a single operator should not differ by more than 
one-half the above values. 

Vapor Pressure determinations give direct information as to the probable 
behavior of motor fuels as regards easy starting and “ flexibility.” It indi- 
cates, if the pressure is high, the blending of natural gasoline with a straight 
run product. It is important in the shipping of gasoline in tank cars and 
must conform with interstate shipping laws. 

Kerosene, Mineral Seal and Gas Oil 

Specifle Gracity. — The specific gravity, Baum6 or A.P.I., is determined 
by the same methods as described under gasoline. The test indicates approxi- 
mately where the fraction has been cut during the distillation of the crude oil. 
This must be confirmed by other data such as the distillation curve, flash and 
fire points. 

The dark colors show incomplete acid treatment, percolation or contact 
filtration. A “ cracked ” odor is the result of high temperatures or pressures 
during distillation, but may be removed with acid treatment. 

The viscosity tests (page 1718) must conform to the si>ecification for fuel 
oils under working temperatures. The oils should be free from water, dirt, and 
tarry matter which may clog the burners. 

The cloud test (page 1727) indicates too deep a cut into the lubricating 
fraction and the settling out of crystals of paraffin. A fuel oil showing a cloud 
test will solidify when in storage during cold w^eather. 

The distillation test determines the cause for the decrease of the illuminating 
power of the oil after burning for a time. In absorbing oils for “ casing head 
gas ” the distillation curve may determine its usefulness as an absorbing oil. 
A fraction having an over point much higher than the end point of the gasoline 
is desirable. 

“ Bureau of Explosive Circular MCL, No. 147. 
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The flash and fire tests (page 1702) must meet the specifications of illumi- 
nating and burning oils. A low flash and a high fire indicates a mixture of light 
fractions with the heavy fractions, making a poor fuel for the burners. The 
flame will not be uniform and the higher fractions will not burn but change into 
a vapor in the fire box, causing explosive mixtures. The test determines the fire 
hazard and is the real measure of inflammability. Most states have a law 
stating the minimum flash and fire points of illuminating oils. 

The sulfur determinations (pages 1712, 1756) are of great importance in 
illuminating oil as they produce disagreeable odors during the burning period, 
and cause a charring of the wicks. The amount should not exceed .1%. 
Fuel oils when atomized with steam form sulfuric acids which cause rapid 
deterioration of boilers and pipe stills. 

Lubricants 

The determination of specific gravity of a lubricating oil (page 1704) may 
give information as to the nature of the petroleum from which it is made. A 
high Baum6 gravity and a very high viscosity may indicate a lubricant that has 
been mixed with soaps, resins, or oils other than mineral oils. 

The color of lubricating oils indicates the source of the oil. A turbid oil 
indicates finely divided droplets of water, or if cooled an amorphous wax. A 
dark-colored oil should be examined under a microscope for suspended carbon. 
When the oil is diluted with naphtha, the foreign matter held in suspension 
settles out. 

The viscosity test (page 1718) has been regarded as a most important test of 
lubricants. The working temperature of the bearing should determine the 
temperature at which the test is made. Most lubricants have the same vis- 
cosity at 300*" F. A lubricating oil functions only when a continuous film of oil 
separates the wearing surfaces and the oil is efficient when its viscosity allows 
this film to be continuous without a break in the film. The true test for a 
lubricating oil under working conditions is the machine for which it is to be used. 

The cloud test (page 1727) indicates the temperature at which the paraffin 
wax separates from the oil solution. It show's whether the process for the 
separation of wax has been w'ell done and ^ves the quality of the wax which is 
separated out. If the wax is amorphous in character, the oil must either be 
redistilled or centrifuged to remove this wax. 

The pour test (page 1730) indicates the temperature under which an oil will 
flow. Knowing the working temperatures that the oil will be used will deter- 
mine whether it will be an efficient lubricant. 

The flash and fire test (page 1732) should be above the working tempera- 
tures of the bearing. High flash and burning points indicate good quality 
and careful refining. Too low flash and fire test results in a large loss from 
evaporation under working conditions. 

The carbon residue test (page 1737) gives information in the laboratory 
Approximating working conditions with the lubricants, producing more or less 
carbon deposits. A large per cent of residue indicates oils thickened by other 
matter or badly refined. . 

The demulsibility test (page 1740) determines the value of a lubricant which 
is to be used in forced feed lubrication and motor cyUnders. A high degree of 
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emulsification indicates an oil containing an emulsifying agent such as sulfur 
compounds, salts of napthenic and other organic acids. 

The fatty acid test (page 1736) when more than 15%, unless found in a 
cutting oil, will cause the formation of metallic soaps which clog the lubricating 
channels. 

The test for rosin (page 1781) when found positive indicates an adulterated 
lubricating oil and is always objectionable. 

Free sulfuric acid indicates poor refining methods and should not exceed 
.01% in transformer oils. 


TENTATIVE METHOD OF TEST FOR NEUTRALIZATION NUMBER 
OF PETROLEUM PRODUCTS AND LUBRICANTS'® 

A. S. T. M. Designation: D 188-27 T 

Scope. — The methods described herein are designed to indicate in petro- 
leum products and lubricants and compounded products the presence of organic 
constituents having acid characteristics and the contamination by alkalies 
and mineral acids. 

Definitions. — (a) The Neutralization Number is the weight in milligrams 
of potassium hydroxide required to neutralize one gram of oil. 

Note. — The Neutralization Number expresses the total amount of the mineral 
acid, and of the organic constituents having acid characteristics. 

(6) The Alkali Neutralization Number is defined as the weight of acid 
required to neutralize one gram of oil, expressed in equivalent milligrams of 
potassium hydroxide. 

(c) The Mineral Acid Neutralization Number is the number of milligrams 
of potassium hydroxide required to neutralize the mineral acid content in one 
gram of oil. 

Solutions Required. — (a) Aqueous Potassium Hydroxide (1 ml. -5 mg. 
KOH). — Dissolve 5.1 g. of potassium hydroxide, c.p., in one liter of freshly 
boiled and cooled distilled water. Add a very small amount of barium hy- 
droxide, sufficient to precipitate any potassium carbonate pre.sent. Standardize 
this solution against Bureau of Standards certified benzoic acid, using phenol- 
phthalein as an indicator according to the relation : 

5 mg. KOH 56.104 g. KOH 

X mg. benzoic acid 122.048 g. benzoic acid 
1 ml. of KOH — 10.88 mg. benzoic acid. 

This weight of benzoic acid is required for standardization. 

“ Criticism.s of this Tentative Method are solicited and should be directed to Mr. 
R. P. Anderson, ^cretary of Committee D-2 on Petroleum Products and Lubricants, 
250 Park Ave., New York City. Reproduced through the courtesy of the American 
Society for Testing Materials, 260 S. Broad St., Phil^elphia, Pa. 

This is a Tentative Standard, published for the purpose of eliciting criticism and 
suggestions, and as such is subject to annual revision. Issued, 1925; Revised, 1926, 
1927. This method ha.s been approved as American Tentative Standard by the Ameri- 
can Standards Association. 
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Make necessary adjustments so that the value of potassium hydroxide 
equals 5 mg. KOH per 1 ml. 

Note.— Fit the solution bottle with a guard tube of soda lime to prevent access 
of carbon dioxide. The solution should be standardized at necessary intervals. 

The w^eight of benzoic acid should be dissolved in 50 ml. of 95% alcohol and titrated 
cold. For blank, use same amount of alcohol and correct the titration. 

(b) Sulfuric Acid Solution (1 ml. = 5 mg. KOH).-“Match a sulfuric acid 
solution so that 1 ml. of the acid will be required to neutralize 1 ml. of the KOH 
using pheiiolphthalein as an indicator, titrating in boiling solution. 

(c) Neutralized 9S% Alcohol. — Add a few drops of phenolphthalein and 
neutralize carefully the alcohol to a very faint pink end point with some of the 
above prepared alkali solution. 

(d) Phenolphthalein Indicator. — Dissolve 10 g. of the indicator in 1 liter of 
95% alcohol, preferably ethyl. Use 1 ml. of this strength for titration. 

(e) Methyl Orange Indicator. — Dissolve 1 g. of the indicator in 1 liter of 
distilled water. Use 0.1 ml. of this strength fortitration. 

Methods.- — Method A. — Neutralization Number of Petroleum Products . — 
Weight of Oil: Approximately 20 g. weighed to 0.1 g. 

Volume of Solvent: 100 ml. of a mixture of 1 : 1 neutralized alcohol and 
distilled water. 

Procedure: Agitate oil and solvent thoroughly and heat to boiling. Add 
1 ml. of phenolphthalein indicator and titrate rapidly, with vigorous agitation, 
to a sharp pink end point. The titration must be completed in a hot solution, 
reheating same if found necessary. 

The color change is noted in the alcohol water layer, 

Calculation: 


(Milliliters of K0H)X5 
Weight of oil taken 


= mg. KOH per 1 g. of oil. 


Method B. — Neutralization Number of Compounded Petroleum Products. 
—Weight of Oil : Approximately 10 g. weighed to 0.1 g. Volume of Solvent : 
50 ml. of neutralized alcohol. 

Procedure: Agitate oil and solvent thoroughly and heat to boiling. Add 1 
ml, of phenolphthalein indicator and titrate rapidly, with vigorous agitation, 
to a sharp pink end point. The titration must be completed in a hot solution, 
reheating same if found necessary. 

The color change is noted in the alcohol layer. 

Method Alkali or Mineral Acid Neutralization Number in Non- 
Compounded and Compounded Petroleum Products. Weight of Oil: 25 to 50 g. 
weighed to 0,1 g. Volume of Solvent: Boiling distilled water, 200 ml. 

Procedure. — Introduce into a 250-ml. separatory funnel 25 to 50 g. of oil 
w’cighed to 0.1 g., and add 100 ml. of boiling distilled water. Shake vigorously, 
and after oil and water have separated, drain the water layer into a 500-ml. 
casserole. Wash the oil in tlie separatory funnel twice by vigorously shaking 
with 50-mI. portions of boiling distilled water and after separation, dram into 
the casserole. To the accumulated 200 ml, of water add 1 drop of 1% phenol- 

When the oil is acid, the acidity shall not be reported as sulfuric or hydrochloric 
unless the presence of these acids shall have been confirmed by tests, 
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phthalein solution. Boil. If solution turns pink, add 1 ml. of the indicator 
and titrate with the sulfuric acid solution until the extraction is colorless. 

If the addition of 1 drop of phenolphthalein causes no change in color, add 
0.1 ml. of methyl orange. If color changes to red or pink, titrate with the 
KOH solution until the red color is just discharged. 

An equal volume of distilled water shall be titrated with the standard 
solution used, and the amount of alkali or acid required shall be subtracted 
from the titration for blank correction. 

Calculation: If the acid solution w^as required to discharge the phenol- 
phthalein end point, the alkali neutralization number equals: 

(Milliliters of acid) X 5 
Weight of oil 

If the alkali solution was required to discharge the methyl orange end point, 
the mineral acid neutralization number equals : 

(Milliliters of alkali) X5 
Weight of oil 

The evaporation test (page 1726) is used in testing lubricating oils used in 
high vacuum machines, transformer oils and air compressor oils. A high 
evaporation loss indicates light oils used in blending. It may be used in testing 
the dilution of crank case ’’ oil. 

STANDARD METHOD OF TEST FOR DILUTION OF 
CRANKCASE OILS “ 

A. S. T. M. Designation: D 322-35 

Scope. — This method is intended for the determination of the amount of 
dilution in crankcase oils of engines when gasoline has been used as the fuel. 

Apparatus. — (a) General . — The apparatus shall consist of a glass flask, 
heated by a gas-burner flame, and provided with a reflux water condenser 
discharging into a trap for collecting the distillate. The trap serves to collect 
and measure the diluent, returning condensed water to the still. 

(6) Trap . — The trap shall be made of weli-anneaied glass constructed in 
accordance with Fig. 263. It shall be graduated from 0 to 12.5 ml. in 0.1-mI. 

” Under the standardization procedure of the Society, this method is under the 
jurisdiction of the A. S. T. M. Committee D-2 on Petroleum Products and Lubricant^?. 

This method comprises a revi.sion of the Standard Method of Test for Dilution of 
Crankcase Oils (A. S. T. M. Designation: D 322-33), 1933 Book of A. S. T. M. Stand- 
ards, Part II, p. 768, which methwl it supersedes. 

Reproduced through the courtesy of the American Society for Testing Materials, 
260 S. Broad St,, Philadelphia, Pa. 

*®This method is issued under the fixed designation D 322; the final number indi- 
cates the year of original adoption as standard or, in the case of revision, the year of 
last revision. Issued as Tentative, 1930; Adopted, 1933; Revised, 1935. This method 
has been approved aa American Standard by the American Standards Association. 
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dmsions. The error of any indicated capacity shall not be greater than 


(c) The glass flask shall be of the 

with a nominal capacity of 1 liter. 


short-neck, round-bottom type, 


(d) Condenser.~The condenser shall be of the water-cooled, reflux, glass- 
tube type, having a condenser jacket not less than 400 mm. (153^ in.) in length 
with an inner tube 9.5 to 12.7 mm. (,% to in.) in outside diameter. The 
of 60° trap shall be ground off at an angle 



Flo. 263. — A. S. T. M. Dilution Trap for Testing Crankcase Oils. 


18 to 20 mm., inside diameter H 15 to 20 mm. 

85 to 90 mm. 1 270 to 290 mm. 

70 to 75 mm. J 25 to 30 mm. 

240 to 200 mm. K 100 to 110 mm, 

4 to 5 mm., inside diameter L 125 to 138 mm. 

65 to 75 mm. M 40 to 50 mm. 

U to 15 mm., inside diameter 


(e) Burner. — The gas burner shall preferably be of the Meker type, 1 in, in 
fhanjeter, and the orifice used should be such that a narrow flame coming to a 
point about 4 in, above the top of the burner can be obtained. 

Procedure.—Tbe sample shall be mixed thoroughly, and 25 ml. shall be 
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measured into a 25-ml. graduate and transferred to the flask. By washing 
out the graduate with hot water only a negligible amount of oil will be left in 
the graduate. Approximately 500 ml. of water shall then be added to the flask 
and the apparatus shall be assembled, after filling the trap with water. The 
tip of the condenser shall be placed directly over the indentation in the trap. 

Heat shall be applied with the full flame as indicated above. The rate 
(Note 1) shall be such that refluxing starts within from 7 to 10 minutes after 
the heat is applied, the water being at room temperature initially. The success 
of the method depends upon heating at such a rate that boiling is continuous 
and vigorous enough to prevent the oil from forming, even momentarily, a 
continuous film on top of the water. (Note 2.) 

Note 1. — As a check on the rate of distillation, a determination may be made on 
a fresh oil containing 15 % of added diluent. The oil used should have a flash point 
of 400° F, or over and the diluent used should have an initial boiling point of 300° to 
320“ F. and an end point of 400° to 420° F. At least 13.5% of the diluent should be 
obtained by this method on boiling for 60 minutes. 

Note 2. — Bumping wdth a tendency to froth over is often experienced with dirty 
oils and may be prevented in several ways, namely, by the addition of bits of broken 
glass, by the addition of steel wool, or by the addition of about 5 ml. of concentrated 
HCl. 


Readings of the amount of diluent shall be made at the following times, 
taken from the time that refluxing starts: o, 15 and 30 minutes, and each 15 
minutes following, until the test is complete. Completion of the test shall be 
determined on the basis of either or both of the following criteria : 

No. 1. — Test is complete when the volume of diluent increases by not 
more than 0.1 ml. in any 15-minute period during the course of the test. 

No. 2. — Test is complete when the volume of diluent obtained in a 
given time indicates completion, as follows: 


Time from Start 
of Ilt-fliixir;g 

5 minutes 

30 

60 

90 “ 

° Report a.s “no dilution.” 


Tpst Is Complete if 
Apparent Volume of 
DUuent Collected Is 
Equal to or Than 

O.l ml.- 

2.0 ml. 

4.0 ml. 

7.0 ml 


Generally criterion No, 1 defines the completion of the test, but when the 
test continues to a point at which any of the conditions described under criterion 
No, 2 are encountered, the latter shall define the completion of the test. 

When the test is complete by either of the criteria above the heat shall be 
turned off. After standing at least 15 minutes, to allow the distillate to settle 
clear and to cool to apjjroximately room temperature, the volume of diluent 
» shall be read. The percentage dilution is obtained by multiplying this final 
volume by 4. 

Accuracy. — Determinations by independent operators should agree within 
20% for dilutions under 5% and within 10% for dilutions over 5%. Duplicate 
determinations by the same operator should, in general, show a closer agreement 
than the above. 



PETROLEUM AND ITS PRODUCTS 


1823 


STANDARD METHODS OF ANALYSIS OF GREASE 21 
A. S. T. M. Designation; D 128-27 “ 

Scope. — These methods of analysis permit determinations sufficiently 
accurate for referee purposes of all the constituents of greases likely to be 
covered by specifications. These constituents are fillers and ash, soap bases, 
soap, fat, water, excess alkali or acid, petroleum products and unsaponifiable 
matter. No quantitative determination of glycerin is described, but a pro- 
cedure is outlined for its qualitative detection. 

Sample. — The size of sample for the soap determination (Methods (1) 
and (2) for Determination of Fillers, Soap, Fat, Petroleum Oil and Unsaponifi- 
able Matter) shall be from about 8 to 30 g., depending on the consistency of 
the grease, which is chiefly determined by the percentage of soap present. 
Ten to twenty grams is usually a convenient amount for No. 3 Cup Grease, 
while thin transmission and other greases require a larger sample. The original 
sample should be stirred or mixed until uniform. 

Samples need not be weighed more closely than 0.1 g. 

Solvents. — The petroleum ether shall have an end point not higher than 
200° F., and 125 ml. of it shall not consume more than 0.2 ml. of 0.5 N potassium 
hydroxide when a blank test is made as follows : 

One hundred and t^verity-five milliliters of petroleum ether shall be boiled 
with 10 ml. of 0.5 N alcoholic potassium hydroxide and 50 ml. of neutral 50% 
alcohol for 13^ hours on a hot plate, using a glass tube of about 7 mm. internal 
diameter and 75 cm. long as a reflux condenser. After cooling, the solutions 
shall be titrated with 0.5 N hydrochloric acid and phenolphthalein. Not less 
than 9,8 ml. of 0.5 N acid shall be required for neutralization. The amount of 
alkali consumed in this test shall be deducted as a blank correction in the fat 
determination on solution {E)P 

The alcohol shall be prepared from commercial 95% grain or denatured 
grain alcohol by distilling from sodium hydroxide, diluting to 50% (or 70%) by 
volume wnth distilled water and neutralizing exactly with sodium or potassium 
hydroxide and phenolphtlialein. 

The phenolphthalein solution shall be prepared by dissolving 1.0 g. of 
phenolphthalein in 50 ml. of strong redistilled alcohol, adding 50 ml. of water, 
and neutralizing with sodium or potassium hydroxide. 

Concentrated c.p. hydrochloric acid shall be used when concentrated 
hydrochloric acid ” is specified. Hydrochloric acid, 10%, shall contain 10% 
by weight of absolute HCl, with a permissible variation of ±0.5%. 

Under the standardization procedure of the Society, these methods are under the 
jurtsdiction of the A S T M. Committee D-2 on Petroleum Products and Lubricants. 
Keproduced through the courtesy of the American Society for Testing Materials, 
260 S. Broad St., Philadelphia, Pa. ^ .r ^ i u 

22 These methods are issued under the fixed designation D 128: the final number 
indicates the year of original adoption as standard or, in the c^e of revision, the > ear 
of last revision. Issued as Tentative, 1922; Adopted in Amended lorm, 1927. These 
methods have been approved as American Standard by the American Standards Asso- 
riation. ^ i . • 

” Solutions designated by capital letters in parentheses refer to the solutions given 
in Fig. 264. 
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Procedure. — (4) Determination of AsK — The percentage of ash shall not 
be included in the total of the analysis. 

Note. — The determination of the total ash should not in general be regarded as 
of any great importance. It is, however, sometimes required. This determination is 
often unsatisfactory on account of interaction between sodium carbonate derived from 
the soap, and inorganic fillers. There is always likelihood of reaction with the porcelain 
crucible itself on account of the long continued heating necessary to burn out aU carbon. 
Moreover, if much sodium or potassium carbonate is present, the ash is fusible and often 
encloses carbon, making complete removal of the latter very difficult. Results will 
always be low in the presence of easily reducible oxides of volatile metals. There is 
also uncertainty as to when calcium carbonate has been completely ignited to calcium 
oxide. Ash determinations made on the same sample in different laboratories are likely 
to vary widely. For these reasons, it is usually preferable to make separate deter- 
minations of the percentage of fillers and of soap, from which data a calculation is easily 
made giving all the information to be gained from a direct determination of total ash. 

(1) Rapid Routine Method of Ash Determination. — From 2 to 5 g. of grease 
shall be placed in a weighed porcelain crucible, and the sample weighed to the 
nearest 0.1 g. If lead or zinc soap is known to be absent, a platinum crucible 
is more convenient. The combustible matter shall be burned off slowly and the 
residue finally ignited until the ash is free of carbonaceous matter. The crucible 
and contents shall then be cooled in a desiccator and weighed, reporting the 
result as percentage of ash. 

(2) Alter native Method of Ash Determination. — The sample shall be burned 
as in method (1) until the ash is nearly free from carbon. The crucible and 
contents shall then be cooled, the soluble portions dissolved in a little water, 
and a slight excess of dilute sulfuric acid added, running the acid in carefully 
from a pipette inserted under a small watch glass covering the crucible. The 
crucible and contents shall then be warmed on the steam bath until effer- 
vescence has cea.sed. The watch glass shall then be rinsed with water into 
the crucible. The solution when tested with methyl orange for free acidity 
shall show free acid present. The contents of the crucible shall be evaporated 
to dryness, and the whole ignited at a low red heat, adding a few small pieces 
of dry ammonium carbonate to drive off the excess of sulfur trioxide. After 
cooling and weighing, the result shall be reported as percentage of ash as 
sulfates.” 

The alternative method gives more concordant results than the first method, 
but requires more time and manipulation. 

(5) Qualitative Examination of Ash. — Detection of Bases. — An easily fusible 
ash, dissolving completely in water to give a strongly alkaline solution, indi- 
cates a grease containing sodium, potassium, or both. A white infusible ash, 
practically insoluble in water, but imparting to it an alkaline reaction, may 
indicate calcium, with or without magnesium or aluminium. Zinc is shown by 
the yellow color of the ash while hot, and lead may be indicated by the presence 
of metallic globules, or by the yellow color of the ash when cold. 

The ash shall be dissolved in dilute nitric or hydrochloric acid, and the 
presence of the several bases confirmed by suitable chemical tests, any standanl 
scheme of qualitative analysis being followed. 

(C) Quantitative Examination of Ash. — For the quantitative exaimnation 
of ash any standard analytical procedure shall be used, the choice of methods 
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being based on the information gained from the qualitative tests. If only one 
base is present, a quantitative determination is in general unnecessary. 

(D) Determination of Fillers, Soap, Fat, Petroleum Oil and Vnsaponifiable 
Matter. — Cup, fiber and sponge greases, with or without graphite, and all 
comparatively light colored greases, including axle greases, shall be examined 
by method (1). Dark greases containing residuum, asphaltic oils and asphalt, 
tars, etc., shall be examined by method (2), as these ingredients usually cause 
stubborn emulsions if a shaking-out process is applied at the start. 

(1) Determination of Filler, Soap, Fat, no fillers are present, the 

grease sample shall be introduced directly from a weighing bottle into a sepa- 
rator, the weight of the sample being obtained by difference. The sample shall 
then be shaken with 75 ml. of petroleum ether and 50 ml. of 10% hydro- 
chloric acid until the grease is completely decomposed, after which the pro- 
cedure given under Determination of Soap shall be followed. If fillers are 
present, the sample (See Sample) shall be weighed in a small beaker, 50 ml. 
of 10% hydrochloric acid added and the beaker, warmed on the steam bath, 
stirring until all soap lumps have disappeared and the upper layer is clear. 
If undissolved mineral matter or other filler is present, both layers shall be 
filtered through a Gooch crucible provided with a suitable mat, the beaker 
and crucible washed with water and petroleum ether, and the crucible finally 
washed with strong alcohol, the alcohol washings being collected separately 
and discarded. The crucible and contents shall then be dried at 120® C. and 
weighed, and the result reported as “ percentage of insoluble matter ” (graphite, 
mica, talc, asbestos, gypsum, wood pulp, etc.). 

Determination of Gypsum.— If gypsum is present as a filler, the results ob- 
tained in the determination described under Fillers, etc. will be too low because of 
the solubility of calcium sulfate in hydrochloric acid. A sample of about 5 g. 
of grease shall be weighed in a small beaker, and decomposed with 50 ml of 
petroleum ether and 25 ml. of concentrated hydrochloric acid, warming on the 
steam bath until all gypsum is dissolved. The contents of the beaker shall be 
cooled and poured into a separatory funnel, the beaker rinsed with water and 
a little petroleum ether and the solutions in the funnel allowed to separate 
clearly. The lower layer shall then be drawn into a beaker, and the petroleum 
ether in the separator washed with two portions of 20 ml. each of 10% hydro- 
chloric acid, and the washes added to the strong acid solution in the beaker. 
The hydrochloric acid solution in the beaker shall then be evaporated on the 
steam bath almost to dryness, diluted of 150 ml with water, heated to boiling 
and treated with 10 ml. of 10% barium chloride solution. The barium sulfate 
shall then be filtered off and ignited in the usual way, and from the weight of 
the barium sulfate, the percentage of calcium sulfate shall be calculated, report- 
ing it as CaSO^ - 21120 . 


NoTE.-Chalk and other forms of alkaline earth carbonates are not determined 
by this method, but are considered under the determination of free alkabmty. 


Determination of Soap— The solution resulting from the decomposition of 
the 611 er-free grease or the combined filtrate and washes from the determi- 
nation of fillers, except the alcohol, which is discarded, shall be placed m 
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then be run into a 250-ml. separator. The aqueous solution (A) shall then 
be washed twice with 20 ml. of petroleum ether (C), whereupon (A) is set 
aside for examination for glycerin. Solution ((7) shall then be washed 
once with 15 ml. of water, which is rejected, and (C) shall be added to (B). 
If (B) and (C) are comparatively light colored, an approximate determination 
of free fatty acids and fatty acids from soap may now be made by titrating the 
solution in the separator with 0.5 N alcoholic potassium hydroxide and phenol- 
phthalein, using 200 as the average neutralization value of the fatty acid (that 
is, 1.0 g. of fatty acid requires 200 mg. of absolute KOH for neutralization). 
If solutions (B) and (C) are dark, a few drops of phenolphthalein and sufficient 
0,5 N alcoholic potassium hydroxide shall be added to make the alcoholic layer 
distinctly alkaline after vigorous shaking. If the solutions have been titrated, 
a slight excess of alkali shall be added before separating. The conservative 
addition of strong alcohol at this point may aid in securing rapid and sharp 
separation. The two solutions shall be allowed to separate sharply and the 
lower alcoholic layer (D) drawn off into another separator. The upper petro- 
leum ether layer {E) shall be washed three times, with 30, 25 and 20 ml. of 
neutral 50% alcohol respectively, adding these washes to (Z)). Solution (Z>) 
shall be washed with 25 ml. of petroleum ether, after which (D) is drawn off into 
a beaker and the petroleum ether added to [E). Solution {D) shall then be 
evaporated to a small volume to remove alcohol, the residue of potassium soap 
washed into a separator with hot water, acidified with hydrochloric acid and 
shaken out twice with 50 and 25 ml. of ethyl ether (F), respectively. Solution 
(F) shall be run into another separator and washed twice with 20'ml. portions 
of water, which is discarded . Solution (F) shall then be transferred to a weighed 
beaker and evaporated to dryness on the steam bath, blowing with air to remove 
all traces of petroleum ether. The residue consisting of free fatty acid and 
fatty acid from soap shall be heated for a short time on a steam bath, adding 
and evaporating o ml. of absolute alcohol to remove the last traces of water, 
and weighed. The exact neutralization value shall then be determined on as 
large a sample of these fatty acids as possible. From the total fatty acid found 
here, the free acid if any (see Sections on Free Alkali and Free Acid) shall be 
deducted and the remainder calculated to percentage of soap, the ash analysis 
being used as a guide in distributing the bases, if more than one are present. 

The fatty acids may be identified to some extent by special tests, such as 
odor, crystal form, melting point, iodine number, neutralization value, color 
reactions, etc. 

If the grease is appreciably oxidized, the fatty acids obtained by the ethyl 
ether extraction are likely to be dark in color and hard to identify. For further 
study and identification, the neutralized acids may be extracted again (qualita- 
tively) with petroleum ether and dilute HCI, thus eliminating the small amount 
of more darkly colored matter. 

Detection of Glycerin.— In case it is desired to determine whether a grease 
has been made from whole fats or from fatty acids, solution (A) shall be neu- 
tralized with dry sodium carbonate and sufficient excess added to precipitate 
calcium or other metals. The whole mass shall then be evaporated to dryness, 
the residue extracted several times with strong alcohol, the combined alcoholic 
extracts filtered, and the alcohol evaporated. The residue will then contain 
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most of the glycerin, with a little sodium chloride. The presence or absence 
of glycerin in the residue shall be confirmed by suitable qualitative tests. 

Since fate on saponification yield between 10 and 11% of glycerin, and this 
analytical scheme does not include a quantitative determination of glycerin, 
the total percentages in greases made from fats should always be less than 
100 .“ 

Detennination of Fat. — The petroleum ether solution {E), containing 
free fat, petroleum oils, and unsaponifiable matter shall be concentrated 
to a volume of about 125 ml. in a 300-ml. Erlenmeyer flask, 10 ml. of 0.5 N 
alcoholic potassium hydroxide and 50 ml. of strong neutral alcohol added, 
and the whole boiled on a hot plate with an air condenser for 1^ hours. The 
uncombined alkali shall be titrated with 0,5 N hydrochloric acid, and from the 
alkali consumed, corrected for the blank determination as specified under Sob 
vents, the percentage of free fat shall be calculated, using 195 as the average 
saponification value (that is, 1.0 g, of fat requires 195 mg. of absolute KOH 
for saponification). 

The titrated solution (G) shall be placed in a separator, the alcoholic lower 
layer {H) drawn off into another separator and the remaining traces of soap 
removed as described for {B) and (C), Determination of Soap, making only two 
washes with 30 and 20 ml. of 50% alcohol (/). Solutions (H) and (/) shall be 
combined, washed once with a little petroleum ether, which is added to solu- 
tion (G), and solutions (H) and (/) then evaporated to a small volume and 
the fatty acid isolated as described for (D), Determination of Soap. The per- 
centage of fat may be checked by weighing and titrating the free fatty acid.^ 

Detennination of Petroleum Oil. — The petroleum ether solution (G), now 
containing all the hydrocarbon oils and unsaponifiable matter shall be evapo- 
rated to dryness in a weighed beaker as described for (F), (Soap), the residue 
weighed, and the result reported as " petroleum oils plus unsaponifiable matter.” 

An approximate determination of the viscosity of the petroleum oil may be 
made by using a 2 or 5-ml. pipette which has been standardized against oils 
of known viscosities. If a complete characterization of the petroleum products 
is required, a new sample of from 150 to 200 g. of grease shall be decomposed 
as described above, except that all quantitative operations shall be omitted, 
as well as the isolation of the free fatty acids, and the use of standard alkali and 
acid is not necessary. 

If the grease contains rosin oil, beeswax, degras, spermaceti, spermatin, 
montan wax, candle pitch, and other materials containing a large amount of 
unsaponifiable substances, the petroleum oils isolated from solution (G) will 
contain the unsaponifiable matter, and the constants found will differ from 
those of the petroleum products used in making the grease. In most cases, 
no further separation is possible except in the hands of skillful and experienced 
operators who can devise special methods to suit the individual conditions. 

(2) Determination of Filler ^ Soapy FtU, Etc. — Method for Dark Greases . — 
The sample shall be weighed in a 3-in. porcelain dish, 10 g. of granulated acid 

* A close approximation to the amount of glycerin present may be c^culated and 
included in the analysis, by taking 11.0% of the weight of the fatty acids from soaps, 
providing, of course, that the grease was made from neutral fats. 

** Multiplying the weight of fatty acid by 1.045 gives a veiy close approximation 
of the weight of fat from which it was deriv^. This factor varies very little with the 
molecular weight of the fat. 
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potassium sulfate added and 10 g. of clean dry ignited sand. The dish and 
contents shall be heated on the steam bath with frequent stirring until all water 
is driven off, two hours usually being sufficient. After cooling and breaking up 
lumps with a small pestle, the mixture shall be transferred quantitatively to an 
extraction thimble, using a little petroleum ether to wash the last traces into 
the thimble, which should be already placed in a Soxhlet apparatus. The 
thimble shall be extracted thoroughly with petroleum ether, the extract con- 
centrated somewhat if necessary, and the free fatty acid and fatty acid from 
soap titrated with 0.5 N alcoholic potassium hydroxide as in solutions (i?) and 
(C), in method (1), Determination of Soap. From this point on, the proced- 
ure is identical with that given in method (1), for soap, fat, and petroleum oil. 

The thimble shall be extracted a second time with carbon disulfide, the 
extract evaporated to dryness, heated for one hour to 120° C. and weighed, 
the results being reported as asphaltic and tarry matter. The residue in the 
thimble shall be discarded. 

(E) Determination of Free Alkali and Free Acftf.—From 10 to 30 g. of 
grease shall be weighed in a small beaker, dissolved as completely as possible 
in 75 ml. of petroleum ether by stirring with a spatula, the mixture washed 
into a 250-ml. Erlenmeyer flask with a small amount of petroleum ether, and 
the beaker rinsed with 50 ml. of 50% alcohol, the alcohol being poured into the 
flask, after which a few drops of phenolphthalein solution shall be added and 
the whole shaken vigorously. If the alcoholic layer, after settling for a few 
seconds, is pink, 10 ml. of 0.5 N hydrochloric acid shall be added, the solutions 
boiled on a hot plate for ten minutes to expel carbon dioxide, and the excess 
acid titrated back with 0.5 N alcoholic potassium hydroxide. The free al- 
kalinity shall be calculated in terms of hydroxide of the predominating base. 

Insoluble Carbonates.— *If chalk or any other form of alkaline earth car- 
bonate, or lead carbonate, is present as a filler, it will be detected by effer- 
vescence on adding the hydrochloric acid. As the amount of such carbonates 
is likely to be considerable, the volume of 0.5 N hydrochloric acid added shall 
be increased sufficiently to dissolve all carbonate and leave a slight excess of 
acid. The solution shall be boiled for two minutes and the excess acid titrated 
back with 0.5 N alcoholic potassium hydroxide, and from the acid consumed, 
its equivalent in calcium carbonate, etc., shall be calculated, disregarding any 
other forms of alkalinity which may have been present. ^ 

Free Acid.— -If the original alcoholic layer is not pink, the solution shall 
be titrated carefully in the cold with 0.5 N alcoholic potassium hydroxide, 
shaking well after each addition. The acidity shall be calculated as oleic acid. 

If soaps of iron, zinc, aluminum, or other weak bases are present, a deter- 
mination of free acid is not possible, since these metallic soaps react with 
potassium hydroxide. Up to the present, no means has been devised whereby 
this determination can be made directly. 

(F) Determination of Water . — The quantity of water shall be determined 
in accordance with the Standard Method of Test for Water in Petroleum Prod- 
ucts and Other Bituminous Materials (A. S. T. M. Designation: D 95) of the 
American Society for Testing Materials.^^ 

” 1933 Book of A. S. T. M. Standards, Part II, p. 891. 



1830 


PETROLEUM AND ITS PRODUCTS 


Waxes 

The melting point of mineral waxes may indicate its origin and determines 
its classification. A wide range of temperature in the melting shows a mixture 
of waxes and incomplete refining methods. 


STANDARD METHOD OF TEST FOR MELTING POINT OF 
PARAFFIN WAX« 

A. S. T. M. Designation : D 87-22 

Definition. — A. S. T. M, Pajaffin Wax Melting Point — The A. S. T. M. 
Paraffin Wax Melting Point is the temperature at w'hich melted paraffin wax, 
when allowed to cool under definite prescribed conditions, first shows a mini- 
mum rate of temperature change. 

Note. — The so-called “American Melting Point” is an arbritary figure 3° F. higher 
than the A, S. T. M. Paraffin. Wax Melting Point. 

Apparatus. — Wax Container. — Test tube of standard form, 25 mm. (1 in.) 
outside diameter and 100 mm. (4 in.) long. It may be marked with a filling 
line, 2 in. above the bottom. This test tube shall be closed in a tightly fitting 
cork having two openings, one at the center for the melting point thermometer 
and the other for a stirrer at one side of the center. The opening for the stirrer 
may be lined with glass or metal tubing to act as a guide for the stirrer. 

Air Suitable water-tight cylinder, 2 in. in inside diameter and 

434 in. deep. This air bath shall be provided with a tightly fitting cork having 
a central opening for holding the test tube firmly in a vertical position in the 
center of the air bath. 

Water Bath. — Suitable cylinder, 5}4 in. in inside diameter and 6 in. deep. 
This water bath shall be provided with a suitable cover and with the guides and 
fasteners necessary to hold the air bath firmly in a vertical central position so 
that the sides and bottom of the air bath shall be surrounded by a layer of 
water in. thick. The water bath cover shall have a slot for introduction 
of a suitable stirrer and shall have an opening for the bath thermometer so 
that the latter may be suspended in a vertical position % in. from the outside 
wall of the water bath. Air bath, water bath and water bath cover may be 
conveniently made of metal in one assembly as shown in Fig. 264, 

Stirrer m Test Tube. — Brass or copper wdre, 3^ in. in diameter and about 
12 in. long. A circular loop, Yi in. in diameter, shall be formed at one end of 
this wire in such a manner that the loop lies in a horizontal plane when the rest 
of the wire is in a vertical position. The stirrer thus formed shall be passed 
through the proper opening in the test-tube cork and the upper end may then 
be bent into a shape convenient for holding. 

** Under the standardization procedure of the Society, this method is under the 
jmisdiction of the A. S. T, M, Committee D-2 on Petroleum Products and Lubricants- 
Reproduced through the courtesy of the American Society for Testing Material^^» 
260 S. Broad 8t., Philadelphia, Pa. 

” This method is issued under the fixed designation D 87; the final number indi- 
cates the year of oririnal adoption os standard or, in the case of revision, the year of 
last revision. Issued as Tentative, 1921; Adopt<^, 1922. This method has been 
approved as American Standard by the American Standards Association. 
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Thermometer.— The A. S. T. M. Paraffin Wax Melting Point thermometer 
shall conform to the following requirements. These specifications cover a 
special thermometer graduated in either Centigrade or Fahrenheit degrees as 
specified, the ranges being 27 to 71° C. or 80 to 160° F., respectively, 



Fig. 264a. — Apparatus for Determination of Melting Point of Paraffin Wax. 

Type: Etched stem, glass. 

Liquid: Mercury. 

Range and Subdivision: 27 to 71® C. in 0.1® C. or 80 to 160® F. in 0.2® F. 

Total Length: 365 to 371 mni. (14.38 to 14.56 in.). 

Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6.0 to 7.0 
mm. (0.24 to 0.28 in.). 

Bulb: Corning normal or equally suitable thermometric glass. 

Length, not over 28 mm. (I.IO in.). 

Diameter, not greater than stem. 

Distance to 27® C. or 80® F, Line from Bottom of Bulb: 105 to 115 mm. (4.13 
to 4.53 in.). 

Distance to 71° C. or 160* F. Line from Top of Thermometer: 25 to 40 mm. (0.98 
to 1.57 in.). 
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Contraction Chamber: Top to be not more than 41 mm. (1.61 in.) above bottom 
of bulb. 

Expansion Chamber: To permit heating the thermometer to at least 100® C. (212'’ F.). 
Filling above Mercury: Nitrogen gas. 

Top Finish: Plain. 

Graduation: All lines, figures, and letters clear cut and distinct. The first and each 
succeeding fifth line to be lon^r than the remaining lines. Graduations to be 
numbered at each 1° C. or each multiple of 2“ F. 

Immersion; 79 mm. or in. The words “79-mm. immersion’’ on Centigrade ther- 
mometers or "3J^-ia. immersion” on Fahrenheit thermometers, and a line around 
the stem 79.0 nun, or 3,13 in. above the bottom of the bulb shall be etched on the 
stem. 

.Special Marking: “A, S, T. M. Pffe. M.P.,” a serial number and the manufacturer’s 
name or trade mark shall be etched on the stem. 

Scale Error: The error at any point of the scale when the thermometer is stand- 
ardized as provided below shall not exceed 0.1® C. or 0.2® F,, respectively. 

Stand .\rdizat10N: The thermometer shall be standardized at intervals of approxi- 
mately 10® C. or 20® F. for 79-mm. or 3 i-in. immersion and for an average tem- 
perature of the emergent mercury column of 25® C. or 77° F, 

Case: The thermometer shall be supplied in a suitable case on which shall appear 
the marking: “A. S. T. M. Pffe. M.P., 27 to 71® C.” or “A. S. T. M. Pffe. M.P., 
80 to 160® F.” according to the type of thermometer. 

Note. — For the purpose of interpreting these specifications the following defini- 
tions apply: 

The total length is the over-all length of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the beginning 
of the enamel backing. 

The top of the thermometer is the top of the finished instrument. 

Bath thermometer of any suitable type, accurate to 2® F. throughout the 
required range. 

Procedure. — An average sample of the wax to be tested shall be melted in 
a suitable container in a water bath whose temperature shall be not more than 
35° F. above the approximate melting point of the wax sample. Direct heat, 
such as a fiame or hot plate, shall not be used and the wax sample shall not be 
held in the melted condition any longer than necessary. 

The test tube shall be filled with melted wax to a height of 2 in. The test- 
tube cork, carrying the stirrer and the melting point thermometer with the 
sy^in. immersion line at the under surface of the cork, shall be inserted into 
the test tube for a distance of ^ in. The lower end of the thermometer bulb 
shall then be ^ in. from the bottom of the test tube. 

The air bath being in its proper position in the water bath, the latter shall 
be filled to within Yi in. of the top with water at a temperature 15 to 20® F. 
below the approximate melting point of the wax sample. 

The test tube containing the melted wax, with wax stirrer and thermometer 
in place, shall be inserted into the air bath in a central vertical position so that 
the bottom of the test tube is Y in. from the bottom of the air bath. The 
temperature of the water bath shall be adjusted by stirring if necessary, so 
that it shall be lower than the temperature of the wax sample by not more than 
30* F. and not less than 25* F,, when the wax sample has cooled to a temperature 
10° F. above its approximate melting point. 

When these conditions have been obtained, temperature adjustment and 
stirring of the water bath shall be discontinued. The wax shall be stirred 
continuously during the remainder of the test, the stirring loop being moved 
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up and down throughout the entire length of the test tube in a steady motion 
at the rate of 20 complete cycles per minute. The melting point thermometer 
reading, estimated to 0.1® F. shall be observed and recorded every 30 seconds. 
The temperature of the wax will fall gradually at first, will then become almost 
constant and will then again fall gradually. 

The melting point thermometer reading, estimated to 0.1® F., shall be 
observed and recorded every 30 seconds, for at least three minutes after the 
temperature again begins to fall after remaining almost constant. The record 
of temperature readings shall then be inspected and the average of the first 
four readings that lie within a range of 0,2° F. shall be considered as the uncor- 
rected melting point. This temperature shall be corrected if necessary for 
error in the thermometer scale and the corrected temperature shall be reported 
as the “ A. S. T. M. Paraffin Wax Melting Point.” 

Accuracy. — Duplicate determinations on the same sample should differ by 
not more than 0.2® F. 


Heavy Oils and Asphalts 

The heavy oils may be crude oils with a low Baum4 gravity or residues 
from the distillation of mixed or asphaltic base crudes. They are used for fuel 
oil, dust laying oils and road oils. Asphalts may be found in nature in a semi- 
liquid (Baura^ gravity 10) or a mixture of sand and limestone. Artificial 
asphalts are the residues of asphaltic base crude oils and may be polymerized 
into a hard asphalt by blowing air through the residues at high temperatures. 
See the chapter on Bituminous Substances for methods of testing emulsified 

Asphalts. • f .u 

The testing of fuel oils is of little value unless the specifications for the 
individual oil are given. The many types of burners and the various conihtions 
under which fuel oils are used make any one set of specifications impossible to 
use The term fuel oil as now used is broad in meaning and may range from 
a mineral seal distillate to heavy residues or a mixture of oils having no other 

apparent use. . , . j. • 

The gravity of fuel oils gives little information unless other information is 

obtainable. The flash point is important and should be higher than the tem- 
perature at which the oil is sufficiently fluid for the particular apparatus for 
which it is desired. A low fla.sh shows a naphtha and should not be used in open 
burners. The viscosity of an oil must be low enough so that it wiU flow readily 
at low temperatures. Water and sediment (page 1761) choke the burners and 
freeze in the pipes during low temperatures. The fuel should not contain grit, 
acid, fibrous or other foreign matter and shall pass through a filter of wire 

gauze 16 meshes to the inch. . -j c 

The sulfur content when high (over 2.5%) indicates a residue of a high 
sulfur crude or a mixture of fuels obtained from acid recovery plants. A high 
sulfur fuel causes rapid corrosion of all exposed metal parts of stills and boilers. 


U. S. Bureau of Mines Bulletin 323A. 
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STANDARD METHOD OF TEST FOR THERMAL 
VALUE OF FUEL OIL^i 

A. S. T. M. Designation: D 240-27 ^ 

Apparatus . — Combustion Bombs . — The Atwater, Davis, Emerson, Mahler, 
Parr, Peters, Williams or similar bombs may be used. The bomb shall have 
an inner surface of platinum, gold, porcelain enamel or other material which is 
not attacked by nitric and sulfuric acids, or other products of combustion. 

Calorimeter Jacket . — The calorimeter shall be provided with a vacuum 
jacket or with a water jacket having a cover to protect the calorimeter from air 
currents. In case a water jacket is used, it shall be kept filled with water within 
2 or 3° C. of the temperature of the room (except in calorimeters which are 
totally submerged, where the jacket temperature is controlled by a thermostat) 
and this water should be stirred continuously by some mechanical stirring 
de\dce. 

Stirring of the Ca/ortmefer Water , — The water in the calorimeter shall be 
stirred sufficiently well to give consistent thermometer readings while the 
temperature is rising rapidly. The speed of stirring should be kept constant. 
A motor-driven screw or turbine stirrer is recommended and the speed shoultb 
not be excessive. This may be determined by adjusting the temperature of the 
calorimeter to equality with that of the jacket and allowing the stirrer to run 
continuously for 10 minutes. If the temperature of the calorimeter rises more 
than about 0.01*^ C. in this length of time, the rate of stirring is excessive. 
Accurate results cannot be obtained when too much energy is supplied by the 
stirring device or w^hen the rate of stirring is irregular. The portion of the 
stirring de\dce immersed in the calorimeter should be separated from that out- 
side by non-conducting material, such as hard rubber, to prevent conduction of 
heat from the motor or outside air. 

Thermometers . — The thermometers used shall have been certified by a 
government testing bureau and shall be used with the corrections given on the 
certificate. This shall also apply to electrical resistance or thermo-electric 
thermometers. Correction shall also be made for the temperature of the 
emergent stem of all mercurial thermometers, and for the “ setting ” of Beck- 
mann thermometers. For accurate work, either Beckmann or special calori- 
metric thermometers, graduated to 0.01 or 0,02® C., are required. Such ther- 
mometers should be tapped lightly just before each reading to avoid errors 
caused by the sticking of the mercury meniscus, particularly when the tem- 
perature is falling. A convenient method is to mount a small electric buzzer 
directly on the top of the thermometer and connect it with a dry cell and a push 
button. The button should be pressed for a few seconds immediately before 
each reading. 

Under the standardization procedure of the Society, this method is under the 
jpisdiction of the A. S. T. M. Committee D-2 on Petroleum Products and Lubricant. 
Keproduced through the courtesy of the American Society for Testing Materials, 
2^ S. Broad 8t., Philadelphia, Pa. , 

" This method is issu^ under the fixed designation D 240; the final number indi- 
cates the year of oridnal adoption as standard or, in the ca-se of revision, the 
last revision. Issued as Tentative, 1026; Adopted in Amended Form, 1927. 
method has been approved as American Standud by the American St^dards Asso- 
ciation. 



PETROLEUM AND ITS PRODUCTS 


1835 


Oxygen , — The oxygen used for combustions shall be free from combustible 
material. The bomb when filled should contain at least 5% of nitrogen to 
insure complete oxidation of the sulfur. The total amount of oxygen contained 
in the bomb for combustion shall be not less than 5 g. per gram of fuel oil. 
But the combustion must be complete, as shown by the absence of any sooty 
deposit on opening the bomb after firing. 

Firing Wire , — The fuel oil in the bomb may be ignited by means of either 
iron or platirium wire. If iron wire is used, it should be of about No. 34 B. & S. 
gage and not more than 10 cm. (preferably 5 cm.) should be used at a time. 
A correction of 1600 calories per gram weight of iron wire burned shall be 
subtracted from the observed number of calories. 

Standardization . — The water equivalent of a calorimeter can best be deter- 
mined by the use of the standard combustion samples supplied by the U. S. 
Bureau of Standards. The required water equivalent is equal to the weight 
of the sample multiplied by its heat of combustion per gram and divided by the 
corrected rise in temperature. 

The calorimeter shall be standardized by the combustion of standard sam- 
ples supplied by the Bureau of Standards, and used according to the directions 
given in the certificates which accompany them. A standardization shall 
consist of a series of not less than five combustions of each of two of the standard 
materials which arc, sucrose, naphthalene and benzoic acid. The conditions 
as to the amount of water, oxygen, firing wire, method of correcting for radia- 
tion, etc., under which these combustions are made, shall be the same as for 
fuel oil combustions. In the case of any disagreement between contracting 
parties a check standardization may consist of two or more combustions of 
standardizing samples. 

Procedure. — Preparation of Sample . — Approximately enough oil shall be 
taken to give a thermometer rise of from 3° to 4° C. After weighing, the sample 
should preferably be immediately placed in the bomb and this closed. This 
procedure is necessary to avoid sublimation in the use of naphthalene for 
standardization. 

Preparation of the Bomb.— The firing wire, if iron, shall be measured and 
coiled in a small spiral and connected between the platinum terminals, using, if 
necessary, a piece of platinum wire somewhat heavier than the iron wire to 
make the connection. The platinum and the iron shall both be clean. About 
0.5 ml. of water should be placed in the bottom of the bomb to saturate with 
moisture the oxygen used for combustion. When the crucible is put in place 
in the bomb, the firing wire should touch the fuel oil or briquet of standard 
material. For the combustion of standardizing samples, iron wire is preferable 
to platinum. 

Filling the Bomb with Oxygen.—Oxygen from the supply tank shall be 
admitted slowly, to avoid blowing the oil from the crucible, until a pressure is 
reached as indicated by the following table : 


Capacity of Bomb, ml. 

300 to 350 

350 to 400 

400 to 450 

450 to 500.... 
Above 500 ... , 


Minimum Gage Pressure, 
Atmospheres 

40 

35 

30 

27.5 

25 
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CaloTimeter Water. — The calorimeter shall be filled with the required 
amount of distilled water, depending upon the type of calorimeter. The 
amount may be determined either by measurement in a standardized flask or 
by weighing. The amount shall be kept the same as that used in the stand- 
ardization of the apparatus. 

Temperature Adjustments. — The initial temperature in the calorimeter 
shall be so adjusted that the final temperature, after the combustion, will not 
be more than 1“ C., preferably about 0.5° C., above that of the jacket. Under 
these conditions, the total correction for heat gained from or lost to the sur- 
roundings will be small when the rise of temperature is 3° or 4° C. and the 
effect of evaporation will also be small. 

Firing Current. — The electric current used for firing the charge shall be 
obtained from storage or dry cells having an electromotive force of not more 
than 12 volts. A higher voltage is liable to cause an arc between the firing 
terminals, introducing additional heat which cannot be measured with certainty. 
The circuit should be closed by means of a switch which should remain closed 
for not more than 2 seconds. When possible, it is recommended that an am- 
meter be used in the firing circuit to indicate when the firing wire has burned 
out. 

Method of Making an Observation. — The bomb, when ready for firing, 
shall be placed in the calorimeter, the firing wires connected, the cover put in 
place and the stirrer and thermometer so placed as not to be in contact with the 
bomb or container. The stirrer shall then be started and after the ther- 
mometer reading has become steady, not less than 2 minutes after the stirrer 
is started, the temperatures shall be read at 1-minute intervals for 5 minutes 
and the charge then fired, the exact time of firing being noted. Observations 
of temperature shall then be made at intervals depending upon the method to 
be used for computing the cooling correction. When the temperature has 
reached its maximum and is falling uniformly, a series of thermometer readings 
shall be taken at l-minute intervals for 5 minutes to determine the final 
cooling rate. 

Titration. — After a combustion and after allowing the gas to escape, the 
bomb shall be opened and the inside examined for trac^ of unburned material 
or sooty deposit. If these are found, the observations shall be discarded. 
If the combustion appears complete, the bomb shall be rinsed out thoroughly 
and the washings titrated with a standard alkali solution (1 ml. =0.02173 g. 
HNOj=5 calories) using methyl-orange or methyl-red indicator to determine 
the amount of acid formed. A correction of 230 calories per gram of HNO3 
should be subtracted from the total heat observed. An additional correction 
of 1300 calories per gram of sulfur in the oil should be made for the excess of 
difference in heats of formation of S02 and aqueous H2SO4 over the heat of 
formation of aqueous HNOa, 

Computation of Results.—The following method of computation is recom- 
mended to take the place of the Pfaundlcr or other similar formulas for com- 
puting the cooling correction (radiation correction) : 

Observe (1) the rate of rise, ri, of the calorimeter temperature in degrees 
per minute for 5 minutes before firing ; (2) the time, a, at which the last tem- 
perature reading is made immediately before firing ; (3) the time, 6, when the 
rise of temperature has reached six-teiiths of ita total amount (this point can 
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generally be determined by adding to the temperature observed before firing, 
60% of the expected temperature rise, and noting the time at which this point 
is reached) ; (4) the time, c, of a thermometer reading taken when the tempera- 
ture change has become uniform some 5 minutes after firing ; (5) the final rate 
of cooling, r 2 y in degrees per minute for 5 minutes. 

Multiply the rate fi by the time — a in minutes and tenths of a minute, 
and add to this product (subtracted if the temperature was falling at the time a) 
to the therniometer reading taken at the time a. Multiply the rate 7*2 by the 
time c~b and add this product (subtracted if the temperature was rising at 
the time c and later) to the thermometer reading taken at the time c. The 
difference of the two thermometer readings thus corrected, provided the cor- 
rections from the certificate have already been applied, gives the total rise of 
temperature due to the combustion. This, multiplied by the water equivalent 
of the calorimeter, gives the total amount of heat liberated. Divide this 
result, corrected for the heats of formation of HNO3 and H2SO4 observed and 
for the heat of combustion of the firing wire, when that is included, by the weight 
of the charge to find the heat of combustion in calories per gram. Calories 
per gram multiplied by 1.8 give the British thermal units per pound. 

The permissible difference betw^een duplicate determinations made by 
different analysts on different calorimeters shall not exceed 0.5%. When made 
by the same analyst on the same calorimeter, the permissible difference shall 

not exceed 0.3%. . r • 

In practice, the time h-a will be found so nearly constant for a given 
calorimeter with the usual amounts of fuel that h need be determined only 

^^^ThTresults shall be reduced to calories per gram or British thermal units 
per pound of oil. 


Road Oils 

Road oils may be used as dust-laying oils, binders for sand, sandy loam and 
gravel roads. The value of a road oil depends upon its penetration into the soil, 
the binding qualities of the oil, and its resistance to weather and wear 

The tests on road oils are important in as much as the importance of the 
specifications for the particular duty for which they are intended. Road oils 
are often placed on roads without any study as to the adaptability of the oil for 

the soil or base on which it is placed. v . v v**.! 1 ^ 

Gravity is a common test made on road oils but has bttle value. The 
asphalt in a road oil acts as the binder and weather-resisting element The 
total bitumen (page 1539) is determined to give the value of the oil as a binder. 
The penetration of the asphalt into the road bed determines its wanng 
qualitls. The viscosity should be low enough to enable to 
and to flow with ease and uniformly when apphe . eavy p . 

with a lighter oil will give greater penetration, the lighter oil slowdy evaporat mg, 
lealg a laVer of h gh aspLltic content in the soil. The asphalt should contain 
lUtrc^no'^pIraffiT^x'^ The wax particles combine the sod and Rrm 

little' dry particles which soon wear loose an .i,. finished 

the surfLe which soon wear away forming large holes and ruts m Re finished 
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Asphalts either native or artificial when used for paving should be tested for 
total bitumen, penetration (page 1520), viscosity (page 1518) and carbene 
(page 1546) content. If asphalts are made from petroleum residues, the wax 
content should be determined. Petroleum with a carbene content over ,5% 
(part insoluble in carbon tetrachloride) indicates that the residue had been 
overheated or overblown, making a brittle product. 

Shale Oils 

The testing of shale oils is much the same as the testing of petroleums. 
Shale oils are made by the retorting of the oil shales changing the pyrobitumens 
into the bitumens. The bitumens formed vary in chemical and physical 
properties as the methods of retorting. High temperatures cause “ cracking ’’ 
w’ith a resulting polymerization. The nitrogen and sulfur content being high 
gives a different reaction to heat than petroleums of the same gravity. 

The waxes made from shales have a higher melting point than the paraffin 
from petroleum. They may be separated into a white flake wax by washing 
the re-run lubricating distillate with acetone. This method can be used as a 
quantitative test for waxes in shale oils. 

The different finished products, gasolines, kerosenes, fuel oils, lubricants and 
waxes, are tested in the same manner as similar petroleum products. 
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In reporting the results of an examination of a paint, it is advisable to give 
all the analytical data as well as a r^sum^ showing the probable composition 
of the paint. This is shown in the following example : 

Results of Analysis 

Total Pi^ents or Solids 00% 

Total Vehicle or Liquids 40 

Analysis of Pigment Portion 

Lead Oxide (PbO) 37.47% 

Zinc Oxide (ZnO) 44.50 

Alumina, iron, lime 2,90 

Magnesia (MgO) 1.90 

Silica (SiOj) 4.63 

Carbon Dioxide (COj) 2.50 

Sulfuric Anhydride (SOj) 5.02 

Water (combined) 73 


99.15% 

Analym of Liquid Portion 
Vehicle contained 20% volatile matter. 

Volatile matter consisted of equal parts of turpentine and mineral spirits. 
Non-volatile matter had: 

Iodine Number 175 

Acid Number 2.4 

Saponification Number 188 

and contained .02%^ ash consisting of lead and manganese oxides. 

Probable Composition of Paint 

Pigment 60% 

Liquid 40 

Pigment 

Basic carbonate White lead 22% 

Basic sulfate \\hite lead 25 

Zinc Oxide 43 

Asbestine 10 

100%, 

Liquid 

Raw Linseed Oil 80% 

Mineral Spirits 10 

Turpentine and Drier 10 

100% 

Chapter contributed by Henry A. Gardner, John A. Schaeffer and G. G. Sward, 
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SEPARATION OF PIGMENT AND LIQUID 

Composition of Liquid Part, — The vehicle or liquid portion of paints may 
contain various fixed animal, vegetable or mineral oils, oleo-resinous varnishes, 
turpentine, petroleum distillates, and driers. 

It is always advisable to determine the total percentage of liquids in a paint. 
The container should be thoroughly shaken so that the contents will be uni- 
form throughout. A portion of 4 or 5 ounces may then be removed and placed 
in a screw-cap bottle- The original can of paint should then be set aside so 
that settling of the pigments will take place. Unless the paint is in paste form, 
this will usually be accomplished in twenty-four hours. A portion of the clear 
liquid floating over the pigments may then be removed and directly examined 
as outlined under Separation of Vehicle Components. 

Percentage of Liquid by Ignition Method, — The percentage of liquid in the 
uniform sample of paint previously obtained may be found by placing a weighed 
portion in a porcelain crucible and slowly igniting it to burn off the organic 
constituents. By carefully regulating the heat, the oil and volatile thinners 
will be slowly burned off, leaving the pigment behind, which may then be 
weighed, calculating the vehicle by difference. This method is rapid and works 
well with pigments that are not decomposed by the ignition. When pigments 
are present which show" an appreciable loss on ignition, or blacks or blues, this 
method is not to be relied upon. 

Percentage of Liquid by Extraction Methods. — From 10 to 20 grams of 
paint is placed in a 100-mi. weighed centrifuge tube, the exact amount being 
obtained by difference. The paint is thinned with a suitable extraction liquid 
and centrifuged. The supernatant liquid is then poured off and the process 
repeated tw’o or three times. The pigment is then dried, first in air, and finally 
in an oven. The tube and pigment are weighed and the percentage of vehicle 
obtained by difference. 

In case a centrifuge is not available, the vehicle of many paints may be 
separated by simply shaking a portion of the paint in a long test-tube with the 
extraction liquid, allowing the pigment to settle, repeating the extraction until 
the oil is thoroughly removed. 

Some operators use a Soxhlet extractor for the determination of the vehicle 
of a paint. This method is rather slow and docs not alw'ays give satisfactory 
results. 

It must be remembered that no method of extraction of the oil from a paint 
will give absolute results. The last traces of oil cannot be removed from the 
pigment, wduch is probably due to the fact that many pigments such as lead 
and zinc react with the oil, producing small quantities of insoluble soaps which 
are not completely dissolved by the solvent. 

The choice of a solvent is important. For linseed oil paints, diethyl ether, 
petroleum ether, benzene, and other solvents for the oil are suitable. If var- 
nish is present, some experimental work on various solvents may be necessary. 

There are some pigments which by reason of their low specific gravity, col- 
loidal nature or partial solubility can never be completely separated from oil, 
either by settling, centrifuging or extraction. Of these the most commonly 
met with are lampblack and other forms of carbon, zinc oxide and Prussian 
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blue. Colloidal pigments such as zinc oxide are very troublesome in this 
respect. When these pigments, however, are present in a paint in considerable 
percentage, the difficulty of their separation may be avoided by adding to the 
paint three or four times its volume of fuller's earth, diluting the mixture in a 
large test-tube with gasoline or petroleum ether and either centrifuging or 
placing in a rack to settle. . The fuller’s earth carries down the colloidal pig- 
ments and the separation is sharp and easy. This method, of course, is simply 
used to extract the vehicle present. The pigment resulting from the separation 
cannot be used for analysis on account of admixture with the fuller’s earth. 

In some cases the pigments in paste colors made of lampblack and Prussian 
blue cannot be separated from the liquid portion. The amount of Prussian 
blue present, however, may be determined by making a Kjeldahl-Gunning 
determination on a portion of the entire paint, multiplying the nitrogen found 
by 4.4. For the determination of the lampblack present, a portion of the 
entire paint may be boiled with an excess of alcoholic potash until all of the 
oil is saponified. The mixture is then decanted through a filter and washed, 
first with hot alcohol and then with hot water. This affords a very good 
separation of the liquid from the pigment of such paints. By this method, 
the Prussian blue which may be present is partially destroyed, the iron content 
remaining admixed with the black pigment on the filter. 

Separation of Liquid Components. — Whenever possible, it is advisable to 
determine the constituents of the vehicle upon the sample that has been re- 
moved from the top of the settled can of paint, A weighed portion of this 
vehicle may be placed in a tared flask and attached to a Liebig condenser. 
Heating to 180° C. or lower will drive off nearly all the volatile constituents. 
The composition of the distillate may be determined by the methods given 
under the Examination of Turpentine. A portion of the residue in the flask, 
which consists of oil, driers, gums, etc., may be transferred to a crucible and 
ignited. The residue may then be weighed and calculated to ash. The ash 
should be analyzed for lead, manganese and other driers. 

Another portion of the original vehicle may be evaporated in an atmosphere 
of CO 2 (prevents oxidation) to remove the volatile constituents. A portion 
of the oil residue may then be examined for iodine number and other constants. 
In most instances it w'ould be advisable to make a saponification and extraction 
of the fatty acids from this residue, determining the iodine number on the 
fatty acids. 

Water is best determined by distillation of the paint with a non-miscible 
liquid such as toluene. The distillate is collected in a graduated cylinder, the 
water settling to the bottom. A better way is to use the apparatus described 
by Dean and Stark.* 

Direct Distillation for Volatiles. — For a direct determination of the volatile 
constituents in a paint, a sample may be distilled in vacuo. This is easily 
managed wherever a vacuum pump is available and avoids the necessity of 
overheating the oil. If, in order to obtain the fixed oils for analysis, a sample 
of the clear vehicle from a settled paint is used, it should not be heated above 
150° C. and neither should the solvent be volatilized in such a w^ay as to allow 
the oil to be in contact with air, as the oil will oxidize rapidly while warm and 

^ Ind. <k Eng. Chem., 12, 486 (1920). See chapter on Moisture. 
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its iodine number be very much lowered. The volatile matter may also be 
separated by steam distillation. 

Detection of Resinates. — To determine whether the drier in a paint is of 
the resinate type or linoleate type, a few drops of the oil liquid may be mixed 
on a porcelain plate with one or two drops of acetic anhydride, subsequently 
adding a drop of sulfuric acid. Upon the addition of the sulfuric acid, a flash 
of purple color, turning to dark brown, will be shown where rosin is present. 
This test is not conclusive and experience is necessary for its proper interpre- 
tation. If rosin should be present in the vehicle to a considerable extent, the 
oil will have a very high acid number. The approximate percentage of rosin 
present may be determined by shaking a portion of the vehicle with 95% 
alcohol in a separatory funnel, subsequently separating the alcoholic extract, 
evaporating and weighing the residue. 

Detection of Various Oils. — Tung (Chinese wood oil) may be detected in 
the vehicle by mixing the oil with an equal volume of a saturated solution of 
iodine in petroleum ether, allowing the mixture to stand in direct sunlight. 
Under these conditions, a peculiar, insoluble, spongy polymer of one of the 
glycerides of Chinese wood oil is shown. Fish oil can sometimes be detected 
by its odor and the dark red color during saponification, but the best method 
is probably that of Eisenschiml and Copthorne * w^hich depends upon the 
formation of insoluble bromine derivatives of the oil. The presence of soy- 
bean and other vegetable oils is in some cases difficult to detect. The iodine 
numbers of these oils, however, are all lower than that of linseed oil. It must 
be remembered, however, that the iodine number of boiled linseed oil is lower 
than that of raw oil and that the iodine number of oils extracted from many 
paints is usually lower than shown by the original oil. In the presence of 
considerable quantities of drier, it is always advisable to extract the fatty 
acids from oil and make the iodine number determination upon them. 

Detection of Various Thinners.' — The distillate from the paint vehicle may 
consist of turpentine, mineral distillates, benzol and similar solvents. The 
presence of benzol is readily detected by adding a few drops of the distillate 
to a small quantity of a mixture of concentrated nitric and sulfuric acids. 
Upon heating thLs mixture, the characteristic odor of nitro-bcnzol will be 
recognized if benzol is present. Mineral distillates from petroleum are easily 
detected by the polymerization method given under the Examination of 
Turpentine. 


ANALYSIS OP PAINT OILS 

Although linseed oil is used to the greatest extent in paints, some other 
oils occasionally find application in the manufacture of special paints. The 
following have been used for this purpose: soybean oil, perilla oil, corn oil, 
cottonseed oil, sunflower oil, lurabang oil and similar vegetable oils ; menhaden 

*Ind. Eng. Chem., 2, 28 (1910). 
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oil, whale oil, herring oil, and similar marine animal oils of relatively high 
iodine number. 

There are given below specifications for, and methods for, the analysis of 
linseed oil, in accordance with the latest practice developed by the Federal 
Specifications Board of the Procurement Division of the tJ. S. Treasury De- 
partment. These methods may be followed in examining any of the other oils 
mentioned above. 


Raw Linseed Oil 



Maximum 

Minimum 

Foots: 

Heated oil, per cent by volume 

1.0 

4.0 
.936 

4.0 
195.0 

1.50 

.2 ^ 

0.931 

189.0 

177.0 

b 

Chilled oil, per cent by volume 

Specific gravity 15.5/15.5° C 

Acid number 

Saponi6cation number 

XJnsaponifiable matter, per cent 

fndiriR number,® Wijs 

Loss on heating at 105® to 110° C., per cent 

Color, 



® \\Tien high iodine number type of raw linseed oil is specified by the purchaser, the 
iodine number must be not less than 188 and the oil shall conform to all of the other 
requirements. 

^ Not darker than a freshly prepared solution of 1.0 g. potassium bichromate in 
100 ml. pure concentrated sulfuric acid (sp.gr. 1.84). 


Boiled Linseed Oil 



Maximum 

Minimum 


18.0 




! .2 




.945 

0.937“ 

Acid number 

7.5 


Saponification number 

195.0 

189.0 

Un, saponifiable matter, per cent 

1.50 



Iodine number, Wijs 

— 

170.0 

Ash, per cent 

.50 

— 

Iv^ad, per cent 

— 

.05 





« When quick process, not kettle-boiled, oil is called for in contract, the minimum 
specific gravity shall be 0.931. 


Analysis of Linseed Oil 

Loss on Heating at lOS'^ to 110® C.— Place 10 grams of the oil in an accu- 
rately weighed 100-ml. Erlenmeyer flask; weigh. Heat in an oven at a tem- 
perature between 105 and 110® C. for 30 minutes; cool and weigh. Calculate 
the percentage loss. Make this determination in a current of dry carbon 
dioxide gas. 

Foots General Test ~ With all materials at a temperature between 20® and 
27® C., mix, by shaking for exactly one minute in a graduated tube, 25 ml 
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of the well-shaken sample of oil, 25 ml. of acetone, and 10 ml of acid calcium 
chloride solution. Then clamp the tube in an upright position and allow to 
settle for 24 hours. The temperature during this period should be between 
20® and 27® C. The graduated tube shall be of not less than 70 ml. capacity 
and shall have at least 50 ml. graduated in 0.1 ml. The diameter of the tube 
shall be such that the 50 mi. graduated portion shall be not less than 40 cm. 
or more than 60 cm. in length. The volume of the stratum lying betw'een the 
clear calcium chloride solution and the clear acetone and oil mixture is read 
to 0.1 ml. or fraction thereof. This reading multiplied by four expresses the 
amount of foots present as percentage by volume of the oil taken. 

Heated Oil. — Heat a portion of the oil to 65° C., hold it within 2° C. of 
that temperature for 10 minutes, then cool it to room temperature (20° to 
27° C.). Promptly make the general foots test as described above. 

Chilled Oil. — Heat a portion of the oil to 65° C., hold it within 2° C. of 
that temperature for 10 minutes, then place it in a clean, dry bottle, stopper 
tightly, and place in a cracked ice and w'ater mixture (0° C.) for exactly two 
hours. At the end of this time place the bottle in a large bath of winter at 
25° C. and keep it there for 30 minutes, then promptly make the general foots 
test as described above. 

Specific Gravity. — Determine at 15.5/15.5° C. by any convenient method 
that is accurate within tw^o points in the fourth decimal place. 

Acid Number. — Transfer 5 to 10 grams of the oil to a 300-ml. Erlcnmeyer 
fiask. Add 50 ml, of a mixture of equal parts by volume of 95% ethyl alcohol 
and chemically pure reagent benzol (This mixture should be previously 
titrated to a very faint pink with dilute alkali solution, using phenolphthalein 
as an indicator.) Add phenolphthalein indicator and titrate at once to a faint 
permanent pink color with standard sodium or potassium hydroxide solution. 
Calculate the acid number (milligrams KOH per gram of oil). 

Saponification Number. — Weigh about 2 grams of the oil in a 300-ml. 
Erlenmeyer flask. Add 25 ml. alcoholic sodium hydroxide solution. Put a 
condenser loop inside the neck of the flask and heat on the steam hath for one 
hour. Cool, add phenolphthalein as indicator, and titrate with half normal 
sulfuric acid. Run two blanks with the alcoholic sodium hydroxide solution. 
These should check within 0.1 ml. N/2 H2SO4. From the difference betw^een 
the number of cubic centimeters of N/2 H2S04 required for the blank and for 
the determination, calculate the saponification number (milligrams KOH re- 
quired for 1 gram of oil). 

Unsaponifiable Matter, — Transfer 8 to 10 gram.s of the oil to a 250-ml. 
long-neck flask. Add 5 cc, of strong solution of sodium hydroxide (equ.al 
weights of XaOH and H2O), and 50 ml 95% ethyl alcohol Put a condenser 
loop inside the neck of the flask and boil for two hours. Occasionally agitate 
the flask to break up the liquid but do not project the liquid onto the sides 
of the flask. At the end of two hours remove the condenser and allow the 
liquid to boil down to about 25 ml. 

Transfer to a 500-ml glass-stoppered separatory funnel, rinsing with water. 
Dilute with water to 250 ml, add 100 ml redistilled ether. Stopper and shake 
for one minute. Let stand until the two layers separate sharp and clear. 
Draw all but one or two drops of the aqueous layer into a second 500-ml. 
separatory funnel and repeat the process using 60 ml. of ether. After thorough 
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separation draw off the aqueous solution into a 400-nil. beaker, then the ether 
solution into the first separatory funnel, rinsing down with a little water. 
Return the aqueous solution to the second separatory funnel and shake out 
again with 60 rnl, of ether in a similar manner, finally drawing the aqueous 
solution into the beaker and rinsing the ether into the first separatory funnel. 

Shake the combined ether solution with the accumulated water rinsings and 
let the layers separate sharp and clear. Draw off the water and add it to the 
main aqueous solution. Shake the ether solution with two portions of water 
(about 25 ml. each). Add these to the main water solution. 

Swirl the separatory funnel so as to bring the last drops of water down to 
the stopcock, and draw off until the ether solution just fills the bore of the 
stopcock. Wipe out the stem of the separatory funnel with a bit of cotton on a 
wire. Draw the ether solution (portionwise if necessary) into a 250-ral. flask 
and distill off. While still hot, drain the flask into a small weighed beaker, 
rinsing with a little ether. Evaporate this ether, cool and weigh. {The 
unsaponijiQble oil from adulterated drying oils is volatile and will evaporate on 
long heating. Therefore heat the beaker on a warm plate, occasionally blowing 
out with a current of dry air. Discontinue heating as soon as the odor of ether is 
gone.) 

Iodine Number. — Place a small quantity of the sample in a small weighing 
burette or beaker. Weigh accurately. Transfer by dropping about 0.12 
grams (0.09-0.15 grams) to a 500-ml. bottle having a well-ground glass stopper, 
or an Erlenmeyer flask having a specially flanged neck for the iodine test. 
Reweigh the burette or beaker and determine the amount of sample used. 
Add 10 ml, of chloroform. Whirl the bottle to dissolve the sample. Add 
10 ml. of chloroform to each of two empty bottles like that used for the sample. 
Add to each bottle 25 ml. of Wijs solution and let stand with occasional shaking 
for one hour. Add 10 ml. of the 15% potassium iodide solution and 100 ml. 
of water, and titrate with standard sodium thiosulfate using starch as indicator. 

The titrations on the twm blank tests should agree within 0.1 ml. From 
the difference between tiie average of the blank titration and the titration on 
the samples and the iodine value of the thiosulfate solution, calculate the 
iodine number of the samples tested. (Iodine number is centigrams of iodine 
to 1 gram of sample.) 

Ash.~Tare a porcelain crucible or dish. Add 10 to 25 ml, of oil, weighing 
the amount added. Place on a stone slab on the floor of a hood. Ignite by 
playing the flame of a burner on the surface of the oil and allow' to burn quietly 
until most of the oil is burned off; then transfer to a muffle or over a flame 
and continue heating at a very low temperature (not over a dull red) until all 
carbonaceous matter is consumed. Cool, weigh, and calculate the percentage 
of ash. 

Driers.— Moisten the ash w'ith a few drops of water and test mth litmus 
paper. Record whether neutral or alkaline. Wash any ash adhering to the 
test paper back into the crucible. Dissolve the ash in dilute nitric acid to 
which a little hydrogen peroxide has been added. After solution is complete 
make up the volume to about 50 ml. with nitric acid and water so that the 
final volume will contain about 1 volume of concentrated nitric acid ami 3 
volumes of water. Boil to remove excess of hydrogen peroxide. Determine 
manganese by the bismuthate method. See Chapter on Manganese, Vol. I. 
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Ash another portion of the oil and dissolve the ash as above in nitric acid 
and hydrogen peroxide. Determine the lead and cobalt by any convenient 
method. 

Time of Drying on Glass. — Flow the oil over a perfectly clean glass plate 
and allo\Y to drain in a vertical position in a well-ventilated room at a tempera- 
ture between 15*^ and 39° C. After about 2 hours the film is tested at intervals 
with the finger at points not less than 23^ cm. from the edges. The film will 
be considered dry when it adheres no longer to the finger and does not rub up 
appreciably when the finger is rubbed lightly across the surface. With boiled 
linseed oil this usually occurs in from 5 to 18 hours. 

Reagents for Testing. — The following reagents will be required: 

Acetone that will pass the specification of the United States Pharmacopoeia. 

Acid Calcium Chloride Solution. — Saturate with calcium chloride a mixture 
of 90 parts water and 10 parts concentrated hydrochloric acid (specific gravity 

Standard Sodium Thiosulfate So/ufion. — Dissolve pure sodium thiosulfate 
in distilled water that has been well boiled to free it from carbon dioxide in the 
proportion so that 24.83 grams crystallized sodium thiosulfate will be present 
in 1000 ml. of the solution. It is best to let this solution stand for about two 
weeks before standardizing. Standardize with pure resublimed iodine. This 
solution will be approximately decinormal, and it is best to leave it as it is after 
determining its exact iodine value, rather than to attempt to adjust it to 
exactly decinormal strength. Preserve in a stock bottle provided with a guard 
tube filled with soda lime. 

Starch Solution. — Stir up 2 to 3 grams of potato starch or 5 grams soluble 
starch with 100 ml. of 1% salicylic acid solution, add 300 to 400 ml. boiling 
water, and boil the mixture until the starch is practically dissolved. Dilute 
to 1 liter. 

Potassium Iodide Solution. — Dissolve 150 grams of potassium iodide free 
from iodate in distilled water and dilute to 1000 ml. 

Wijs Solution. — The preparation of the iodine monochloride solution pre- 
sents no great difficulty, but it should be done with care and accuracy in order 
to obtain satisfactory results. There shall be in the solution no sensible excess 
either of iodine or more particularly of chlorine over that required to form the 
monochloride. This condition is most satisfactorily attained by dissolving in 
the whole of the acetic acid to be used the requisite quantity of iodine, using 
a gentle heat to assi.st the solution, if it is found necessary. Dissolve iodine 
in glacial acetic acid that ha.s a melting point of 14.7° to 15° C. and is free 
from reducing impurities in the proportion so that 13 g. of iodine will be present 
in 1000 ml. of solution. Set aside a small portion of this solution while pure 
and pass dry chlorine into the remainder until the halogen content of the solu- 
tion is doubled. Ordinarily it will be found that by passing the chlorine into 
the main part of the solution until the characteristic color of free iodine has 
just been discharged, there will be a slight excess of chlorine which is corrected 
by the addition of the requisite amount of the unchlorinatcd portion until all 
free chlorine has been destroye<l. A slight excess of iodine does little or no 
harm, but excess of chlorine must be avoided. 

Standard Sodium Hydroxide Solution. — Prepare a stock concentrated solu- 
tion of sodium hydroxide by dissolving sodium hydroxide in water in the pro- 
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portion of 200 grams NaOH to 200 ml. water. Allow this solution to cool and 
settle in a stoppered bottle for several days. Decant the clear liquid from the 
precipitate of sodium carbonate into another clean bottle. Add clear barium 
hydroxide solution until no further precipitate forms. Again allow to settle 
until clear. Draw off about 175 ml. and dilute to 10 liters with freshly boiled 
distilled water. Preserve in a stock bottle provided with a large guard tube 
filled with soda lime. Determine the exact strength by titrating against pure 
benzoic acid (CqHsCOOH) using phenolphthalein as indicator. This solution 
will be approximately one-fourth normal, but do not attempt to adjust it to 
any exact value. Determine its exact strength and make proper corrections 
ill using it. 

Alcoholic Sodium Hydroxide Soluiion , — Dissolve pure sodium hydroxide in 
95% ethyl alcohol in the proportion of about 22 grams per 1000 ml. Let 
stand in a stoppered bottle. Decant the clear liquid into another bottle, and 
keep well stoppered. This solution should be colorless or only slightly yellow 
when used ; it will keep colorless longer if the alcohol is previously treated with 
NaOH (about 80 g, to 1000 ml.), kept at about 50® C. for 15 days, and then 
distilled. 

Half Normal Sulfuric Acid Solution , — Add about 15 ml. sulfuric acid 
(1.84 specific gravity) to distilled water, cool and dilute to 1000 ml. Determine 
the exact strengtli by titrating against freshly standardized sodium hydroxide 
or by any other accurate method. Either adjust to exactly half normal 
strength or leave as originally made, applying appropriate correction. 


Examination of Tung Oil (Chinese Wood Oil) 


So far as they apply the methods given above for the analysis of linseed 
oil and similar oils may be used for the examination of tuiig oil. The heating 
test and the quality tost given below are special tests for tung oil. 

Properties and Tests: Properties (A. S. T» M.) —Raw tung oil shall con- 
form to the following requirements ; 


Specific gravity at 

Arid number (.Vlcohol-Ronzol) 

Saponification nurnbor 

Unsaponifiable matter, per cent 

Refractive index at 25° C 

Iodine number (Wijs) ■ • • ■ 

Heating test, minutes (Browne heat test, see below) 


Maximum 

Xlinimum 

.. 0.943 

0.940 

8 

— 

. . 195 

190 

.. 0.75 

— 

.. 1.520 

1.5165 

— 

163 

! 12 

— 


Gelation Tests for Tung Oils.— One of the unique characteristics of tung 
oil is gelation when subjected to heating. This gelation is the result of poly- 
merization reactions accelerated by heat and probably also by certain catalysts. 

Browne Heat Test— This test has been a part of the A. S. T. M. specifica- 
tions for tung oil for many years. The apparatus as slightly revised in 1935 
is shown in Fig. 265. , , , 

The test tubes for the oil shall be 15 cm. by 16 mm., ;vith a mark near the 
bottom to indicate 5 ml. Each tube shall be closed by a cork so perforated 
that a glass rod 3 mm. in diameter may be moved freely. The tubes shall 
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each weigh 14.5rfc2.0 g. (The purpose of this requirement is to control the 
thickness.) 

Fill a 1000-mh tail-form glass beaker (height 19 cm., diameter about 9 cm.) 
with cottonseed oil or other suitable oil to a height of 11 cm. Place the ther- 
mometer as shown in Fig, 265 so that the bottom will be level with the bottoms 
of the test tubes. 

Use a nitrogen-filled chemical thermometer, engraved stem, total length 
4 to in., graduated from 210° to 310° C. in 2° C. intervals; the length 
between 210° and 310° C. not less than 234 in. Thermometer glass shall be 
well annealed. This thermometer may be suspended in the bath by a wire or 
may be sealed to a glass rod as shown in Fig. 265. 



Fig. 265. — Apparatus for Browne Heat Test. 


A, lOOO-ml. tail-form beaker, 9 cm. in 
diameter by 19 cm. in hciglit. 

B. vSupport plate about 6.5 cm. wide, 
made of Monel metal, aluminum or 
stainJc.ss steel. 


C. Corks. 

D. Test tubes 15 cm. by 16 mm. 

E. Thermometer, range 210 to 310 C. 

F. Gla.sa rods 3 mm. in diameter. 

0. Guide to prevent cover from slipping. 


When the bath temperature is 293° C. (560° F.) and very slc^wly rising at 
this point, place the tube containing 5 ml. of the oil to be tc.sted and the tube 
containing 5 ml. of a control sample of known value into the large holes of the 
cover. Note the time. Remove the source of heat for about 45 sec. and then 
re-apply. Before 2 min. have elapsed the temperature of the bath will have 
fallen to 282.2° C. (540° F.), at which point it should be kept as steady as 
pos.sibie. When the samples have been in the bath 9 min. raise the glass rods 
at intervals of 15 sec. Note the time when each sample becomes firmly set 
At this period the oil will be so stiff that the entire tube may be lifted by aid 
of the rod. As setting or jellying takes place within a few seconds of fluidity, 
a good end point is afforded. Remove the samples. Heat the bath again to 
293 ° C. (560° F.), and repeat the experiment with fresh portions of the sample. 
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No stirrer is used in the bath, A screen around the bath enables the tem- 
perature to be more easily reached. When the bath oil has become tarry and 
viscid, it should be renewed', otherwise heating may be irregular. 

^ High quality tung oil should gel in not over 12 minutes by this test. Raw 
oiticica oil requires about 18 to 22 minutes. 

WoTstall Heat Test.— This test consists in heating a quantity of the oil in 
an open container. Various refinements have been suggested by investigators, 
such as the use of a polished nickel dish, automatic temperature control, 
mechanical stirring, etc. However, the following A. S. T. M. method based 
on Worstall's test, and slightly revised in 1935, is probably as rigorous as 
needed. 

This test requires (1) an ordinary vitreous enamelled iron casserole having 
a bottom diameter of 7.5 cm. (3 in.), (2) a wide flange tripod with a 7.5 cm. 
(3 in.) opening (the object of the flange is to prevent super-heating of the sides 
of the casserole), (3) a total immersion chemical thermometer, range 30- 
300° C. and 14-15 inches in length. 

Put into the casserole 150 g. of the oil and heat so that the temperature 
reaches 282.2° C.±l° (540° P.=b2°) in 4 minutes, ±30 seconds, stirring with 
the thermometer. Turn down the flame and hold the heat as near 282.2° C. 
±r (540° F.±2°) as possible, stirring with the thermometer, until on lifting 
the latter, the oil drops with a pronounced string, showing that polymerization 
has started. The time required after reaching 282.2° C.±l° (540°F.±2°) 
until the string is noted, is the time of the heat test. For pure tung oils this 
will not exceed eight minutes. As soon as the oil strings, remove the lamp 


CoXSTANTS OF VABlOyS OlLS 



Sp. Gr. 

Iodine No. 

' Sapon. No. 

Acid No. 

Refrac. 

Index 

Raw Linseed Oil 

.931 

186 

188 

2.0 

1.4867 

Soybean Oil . , 

.924 

129 

1.58 

189 

2.3 

1.4813 

Menhaden Oil 

.932 

187 

3.9 

1.4850 

Raw Tung Oil 

’ .942 

166 

183 

3.8 

1.5200 

Pcrilla Oil 

.94 

200 

188 

2,0 

1,4874 


.908 1 

133 

189 

2.8 

1.4966 

Lithographic Linseed Oil 

.97 

102 i 

199 

2.7 

1.4978 

Wliale Oil 

.924 

148 

191 

9.2 

1.4820 


.941 

172 

30 

2.7 

1.4895 

(Linoleute Drier) 

Boiled Litisofltl Oil 

.936 

184.2 j 

187.6 

7.3 i 

1.4895 

(Resinate Drier) 

Corn Oil ... . ... 

.921 i 

124.8 1 

190.1 

4.1 1 

1.4800 

Cottonseed Oil 

.920 

111.7 1 

194.3 

0.9 

1.4781 

Rosin Oil . . . 

.964 

08.9 

35.5 

32.4 

— 

Lumbang Oil 

.927 

152 

189 

1,0 

1.4789 

Sunflower Oil 

.024 

124.6 

189.3 

7.5 

1.4796 

Hempsecd Oil 

.927 , 

149.4 

191.1 

3.9 

1.4822 

Shark Oil . . 

.910 

132.8 

158.9 

5.2 

1.4S15 

Sardine Oil 

.919 , 

134.6 

177.3 

10.4 

1.4800 

Petroleum Mixing Oil 

.851 

28.2 

52.9 

1.1 

1.4773 

Peanut Oil . . . 

.932 ; 

102.2 

188.0 

2.2 

1.4790 

Oiticica Oil . . . 

.969 

148 

189 

6.0 

1.5141 

-- — • 
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and the thermometer, and stir with a stiff spatula until the oil is solid. After 
stringing, a pure tung oil will require not over 40 seconds more to become solid. 
When solid, allow to stand just one minute, then turn out, upside down, on 
clean paper and cut at once with a clean spatula. Pure tung oil gives a gel 
that is dry, not adhering to the spatula when cut, that is firm, crumbling under 
pressure of the spatula without sticking, and the cut portions should crumble 
under pressure like dry bread crumbs. Adulterated tung oil gives a gel that 
is soft, sticky, and which will not crumble. 

Examination of Turpentine 

Recommended Methods of the A. S. T. M. 

Turpentine appears on the market under four types, gum spirits of tur- 
pentine, steam-distilled wood, sulfate wood and destructively-distilled wood 
turpentine. The physical requirements for the first three types are identical 
except for odor. The requirements of the A. S. T. M. specifications for these 
types are : 



Ciiim 

Steam-ilistilled Wood, 
Sulfate Wood 

Destruotively 

1 Di.slilled 

Wood 


Maximum 

Minimum 

.Maximum 

Minimum 

Specific gravity, 15.5/15.5® C 

0.875 

0.860 ' 

0.875 1 

0.860 

Refractive index (nD) at 20° C ‘ 

Residue after polymerization with 38 N 

nso^: \ 

1.478 

1.465 

1.483 

1.463 

Volume (per cent) 

2.0 

— ' 

2 

— 

Refractive index (nO) at 20° C 

(This residue shall l)e viscous and its color 
straw or darker.) 


1.500 

! 


1.480 

Initial boiling point at 760 mm. pressure 

Distilling below 170° C. at 760 mm. pressure 

160^ C. 

150° C. ; 

157° c. ; 

1.50° C. 

(per cent) 

— 

, 90 

— 

90 


Color. — Fill a 200-mm., perfectly flat-bottom colorimetric tube graduated 
in millimeters to a depth of from 40 to 50 mm. with the turpentine to be 
examined. Place the tube in a colorimeter and place on or under it a No. 2 
yellow Lovibond glass. Over or under a second graduated tube in the col- 
orimeter, place a No. 1 yellow Lovibond glass and run in the same turpentine 
until the color matches as nearly as possible the color in the first tube. Read 
the difference in depth of the turpentine in the two tubes. If this difference 
is 50 mm. or more the turpentine is Standard ” or better. 

Or, compare the color of the sample in any suitable apparatus with the 
color of an equal depth of a fresh solution of potassium bichromate in distilled 
water containing 0.0180 g. of potassium bichromate per liter. If the sample 
is as light avS, or lighter than, the bichromate solution, the turpentine is ** Stand- 
ard ” or better. 
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Specific Gravity. — Determine specific gravity at 15.5/15.5® C. by any 
convenient method that is accurate within 2 points in the fourth figure. 

Refractive Index. — Determine refractive index at any convenient tempera- 
ture with an accurate instrument, and calculate the results to 15.5® C., using 
the factor 0.00045 for each degree that the temperature of determination differs 
from 15.5® C. 

Distillation. — The distillation range of turpentine is obtained with special 
apparatus and technique which are described in the A. S. T. M. and the Fed- 
eral specifications. In order to obtain results comparable with those of other 
analysts, the details of the test must be followed closely. The instructions 
are too long to include in a book of this character and it is therefore recom- 
mended that analysts making this test obtain copies from one of the sources 
given above. 

Polymerization, — Place 20 ml. of exactly 38/N (100.92%) sulfuric acid ^ in 
a graduated, narrow-neck Babcock flask, stopper, and cool in ice-water. 
Add slowly 5 ml. of the turpentine to be tested. Gradually mix the contents, 
cooling from time to time, and do not allow the temperature to rise above 
about 60® C. When the mixture no longer warms up on shaking, agitate 
thoroughly and place the bottle in a water bath and heat at 60 to 65° C. for 
about ten minutes, keeping the contents of the flask thoroughly mixed by 
vigorous shaking five or six times during the period. Do not stopper the flask 
after the turpentine has been added, as it may explode. Cool to room tem- 
perature, fill the flask with concentrated sulfuric acid until the unpoiymerized 
oil rises into the graduated neck. Centrifuge at about 1200 R.P.M. from four 
to five minutes, or allow to stand for twelve hours. Calculate the amount of 
unpolymerized residue, notice its consistency and color, and determine its 
refractive index. 


ANALYSIS OF VARNISH 

The testing of varnish .should be largely of a physical nature. Such prop- 
erties as odor, consistency, clarity, flowing, time of drying, character of finish, 
hardness, resistance to moisture and abrasion, elasticity, etc., point out the 
real value of a varni.sh. Other tests that give additional information, some- 
times of a valuable nature, are as follows: Flash point, acid number, ash, 
character of solvent, fixed oil and resins. 

Flash Point.— A nickel or iron crucible of 60 mm. diameter and 40 mm. 
height is filled with the varnish to within 20 nini. of the top. It is then sup- 
ported in a water hath in vsuch a manner as to be about two-thirds immersed 
in the water. The water should be from 15® to 20® C. at the start and should 
be heated slowly so that the temperature of the varnish, as indicated by a 

> For the preparation of this acid, see the specification of the A. S. T. M. or of the 
Federal Specification Board. 
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thermometer suspended in it, will show a rise of about 1 degree per minute. 
Test for flash at each half degree, using a very small flame. 

Acid Number. — Ten to 20 grams of the varnish are weighed into a small 
Erlenmeyer flask, 50 ml. neutral alcohol added, and a small funnel inserted in 
the neck. Heat on the water bath for one-half hour, with occasional shaking. 
Allow to cool somewhat, atkl two drops of phenolphthalein indicator and titrate 
with tenth-normal potassium hydroxide solution. The acid number is the 
number of milligrams of KOH required to neutralize each gram of the varnish. 

Ash. — Weigh in a porcelain or fused silica crucible several grams of the 
varnish. Burn off over a small Bunsen flame, using great caution to avoid 
boiling over and spattering. When all combustible matter is destroyed, weigh 
the ash and if desired analyze it. 

Solvent, — Steam distillation of a portion of the varnish will remove the 
solvents, leaving a residue of fixed oils and varnish resins, which may be 
weighed after drhnng off the water. The distillate should be examined as 
recommended under Methods for the Examination of Turpentine. The 
amount of mineral spirits and turpentine may thus be determined. 

Fixed Oils and Resins.— In the above determination, the total amount of 
fixed oils and resins is obtained. It is a difficult matter, however, to determine 
the exact percentage and character of resins that have been used in the manu- 
facture of the varnish. This is due to the fact that during the process of 
heating oils in the presence of resins many intricate chemical changes are 
brought about, a considerable portion of the resins being distilled off in the 
form of vapors and combinations of the oil brought about that are difficult of 
separation. One of the best methods, however, of separating the fixed oils 
and varnish resins is carried out in the following manner. 

About a half ounce of the varnish resin should be placed in a 300-ml. tared 
beaker. There should then be added about 200 ml. of ice-cold petroleum ether 
and the beaker should be covered and allowed to stand, preferably in a dish 
containing ice. In an hour’s time the resinous ingredients will be found pre- 
cipitated at the bottom of the beaker or adhering to the side thereof (with the 
exception of rosin, which is largely soluble in petroleum ether). The precipi- 
tated resins should be washed with fresh portions of cold petroleum ether two 
or three times, pouring the decanted portions into a large bottle. The com- 
bined portions of petroleum ether may then be filtered through a tared filter, 
adding by the aid of a stirring rod the resins contained in the beaker. The 
filter paper and the beaker with the resins may then be dried at 100° C. and 
W'eighed. The combined filtrates may be di-stilled to obtain the fixed oil which 
may be examined for constants. (This fixed oil may contain rosin.) The 
amount of rosin contained in a varnish may be roughly ascertained by thor- 
oughly shaking in a separatory funnel a portion of the varnish with a large 
quantity of absolute alcohol. The rosin may be obtained by evaporation of 
the alcoholic extracts. The fixed oils after oxidation or polymerization, as 
caused by the heating of the varnish during manufacture, are not readily 
soluble in alcohol. 

Separation of Polymerized Oils and Resins. — In the making of varnish, 
some oils become oxidized or polymerized to a condition resembling resins. 
For instance, when a varnish is examined for resins by the above method, it 
will often be found that a considerable amount of matter insoluble in petroleum 
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ether will be obtained even when hard resins are absent. The insoluble sub- 
stance is oxidized or polymerized oil. It may be differentiated from varnish 
resins by the fact that it is readily saponified by alcoholic potash. The follow- 
ing method by Boughton (Technologic Paper No. 65, U. S. Bureau of Stand- 
ards), though involving considerable work, is probably the most accurate 
method for the separation of polymerized oils and resins. 

To about 4 grams of varnish in a flask add about 25 ml. of water and boil 
until the volume is about 10 ml. This removes nearly all of the volatile. 
Add 25 ml. half normal alcoholic potash and 25 ml. benzol and boil under a 
reflux condenser for one-half hour. Evaporate the solution to about 15 ml. 
and add about 10 ml. of alcohol. Transfer completely to a separatory funnel, 
washing the flask with water and ether and using a policeman if necessary. 
Dilute with water to about 100 ml., add 100 ml. of ether, and shake. Add a 
few ml. of alcohol if necessary to make the layers separate. Draw off the 
aqueous layer and wash the ether three times with water and transfer to a 
tared flask for future use. 

To the combined soap solution and washings, add an excess of hydrochloric 
acid and extract twice with 50 ml. of ether. Discard the aqueous layer, wash 
the combined ether extracts with water, transfer to a flask and distill off the 
ether. To the dry residue add 20 ml. of absolute alcohol and 20 ml. of a 
mixture of 1 volume of sulfuric acid and 4 volumes of absolute alcohol and boil 
for two minutes under a reflux condenser. Completely transfer the contents 
of the flask to a separatory funnel, washing the fla.sk with water and ether. 
Add 100 ml. ether and after agitation add 100 ml. of 10 per cent sodium chlo- 
ride solution and again shake. Draw off the aqueous layer, extract it with 
50 ml. of ether, combine the ether solutions and wash with water. Add 50 ml. 
of a fifth-normal potassium hydroxide solution and 10 ml. of alcohol, shake 
and draw off the lower layer into a second funnel. Wash the ether layer with 
50 ml. of water containing 5 ml. of the potassium hydroxide solution and 5 ml. 

of alcohol. _ ^ j t. 

Extract the combined aqueous portions with two 50 ml. portions of ether 
and finally w^ash the combined ether solutions (containing the ethyl esters of 
the fatty acids) with water. 

Distill off the ether and boil the residue with 25 ml. of half-normal alcohohe 
potash for one-half hour under a reflux condenser. Transfer completely to a 
separatory funnel and extract the soap four times with ether. Wash the com- 
bined ether solution, twice with water and add it to the first ether solution of 
imsaponifiable matter obtained. 

Unite the solution and washings containing the soaps, add an excess of 
hydrochloric acid, and extract twice with ether. Transfer to a tared flask the 
combined ether solutions, after washing them with water, distill off the ether, 
dry the residue to constant weight at UO^ C. and weigh as fatty acids. 

Report the percentage of fatty acids as percentage of oil and calculate the 
percentage of resin by difference. 
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OTHER MATERIALS 

For detailed methods other than those given in this book for the examina- 
tion of shellac, resins, bitumens, and other like materials for the vehicle portion 
of paints and varnishes, the following references may be consulted : 

A. S. T. M, Standards on Preservative Coatings for Structural Materials. American 
Society for Testing Materials, Philadelphia, Pa. 

Physical and Chemical Examination of Paints, Varnishes, Lacquers and Colors, Bth 
Edition, by Henry A. Gardner. Henry A. Gardner Laboratory, Inc., 2201 New 
York Avenue, N.W., Washington, D. C. 

Federal Specifications of the Procurement Division of the U. S. Treasury Department. 
Superintendent of Documents, Government Printing Office, Washington, D. C. 


THE ANALYSIS OF PAINT PIGMENTS 

The liquid ha\dng been extracted from the paint under examination, by 
the previously outlined methods, the pigment is left ready for analysis. The 
pigment can readily be classified under one of the following heads by its color, 
thus shortening any preliminary examination. Many of the colors have a 
white base which necessitates a determination of both the colored portion of 
the pigment and any white base which may have been used. 

The general analysis of colored pigments is carried out according to the 
specific method outlined for the individual colored pigments, together with the 
methods for a composite white paint, provided a qualitative examination does 
not directly reveal the identity of the pigment. 

The pigments used in the manufacture of paints are classified as follows, 
in certain instances the trade names being given by which the particular pig* 
ments are known. 


White Pigments 
Lead Pigments 

Basic Sulfate of Lead — Ba.sic Sulfate White Lead. 

Basic Carbonate of I^ad — Old Dutch Process White Lead — Quick Process 
White Lead — Mild Process White Lead. 

Zinc Lead — Leaded Zinc. 

Zinc Pigments 

Zinc Oxide — Zinc White. 

Lit ho pone. 

Titanated Lithopone. 
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Other Opaque White Pigmeats 

Titanium Oxide. 

Titanium-Barium Pigment. 

Titanium-Calcium Pigment. 

Antimony Oxide. 

Silica Pigments 

Silica — Silex. 

Asbestine — Talcose. 

China Clay — Kaolin — Tolamite. 

Calcium Pigments 

Whiting— Paris White — Chalk— Alba Whiting— Spanish White. 

Gypsum — Plaster of Paris — Terra Alba — Agalite. 

Barium Pigments 

Barytes — Barite — Blanc Fixe — Barium Sulfate. 

Barium Carbonate — Witherite. 

Red and Brown Pigments 

Red Lead — Orange Mineral. 

Vermilion. 

Ochres — Tuscan Red — Indian Red — Venetian Red. 

U m hers — Si en nas . 

Blue Pigments 

Sublimed Blue Lead. 

Ultramarine Blue. 

Prussian Blue — Antwerp Blue — Chinese Blue. 

Yellow and Orange Pigments 
Chrome Yellow Lemon Yellow — Medium Chrome Yellow. 

American Vermilion Orange Chrome — Basic Lead Chromate. 

Orange Mineral. 

Green Pigments 

Chrome Green (mixture of Lead Chromate and Prussian Blue). 

Chromium Oxide. 

Green Earth. 

Black Pigments 

Graphite. 

Carbon Black— Bone Black— Lamp Black— Drop Black— Ivory Black. 

Willow Charcoal. 

Black Oxide of Iron. 



1856 


ANALYSIS OF PAINTS 


ANALYSIS OF WHITE PIGMENTS 
Basic Sulfate of Lead 

Basic Sulfate White Lead. Sublimed White Lead. Super Sublimed White Lead 

This pigment, embracing the daily analysis by the manufacturers of the 
product of over five months’ time, shows the following average composition: 


Lead sulfate 76.68% 

Lead oxide 17.23 

Zinc oxide 5.79 


99.70 

The remaining .3 of 1% consists of moisture and ash which are rarely 
determined. 

The analysis of this pigment based on the following method,^ which depenils 
upon the above average composition, together with the volumetric determina- 
tion of the total lead and zinc contents, is rapid and accurate. 

Volumetric Detennination of Lead* 

One gram of the sample is dissolved in 100 ml. of an acid ammonium acetate 
solution made up as follows : 


Eighty per cent acetic acid 125 ml. 

Concentrated ammonium hydroxide 95 ml. 

Water 100 ml. 


Add this solution hot, dilute with .50 ml. water and boil until a clear solution is 
obtained. Dilute to 200 ml. and titrate with standard ammonium molybdate 
solution, using a freshly prepared solution of tannic acid as an outside indicator. 

A solution of ammonium molybdate containing 8.67 grams per liter usually 
gives a solution w^bere, 

One ml. —0.01 gram Pb. 

Standardize agaimst pure PbO, pure PbS 04 , or clean lead foil. 

For further details of this method see p. oil. 

The gravimetric method given under Basic Carbonate of Lead may I)e 
preferred. 

Volumetric Determination of Zinc 

Dissolve 1 gram of the pigment in concentrated hydrochloric acid, adjust 
the acidity to 3 ml. of concentrated hydrochloric acid, dilute to 200, heat to 
above 60® C,, and titrate with standard potassium ferrocyanide solution, using 
a fresh 5% uranium nitrate solution as an outside indicator. Calculate the 
zinc to zinc oxide. 

* Ind. Eng. Chem., 6, 200 (1914). 

‘ Modification of Low’s Method, “Technical Methods of Ore Analysis,” p. 149. 
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Calculation of Composition 

Using the average total of 99.70%, the total lead found and the zinc oxide 
content, the composition of this pigment is determined by the following calcu- 
lation : 

Total percentage of lead compounds present 

= total percentage found of ZnO, PbO and PbS04— percentage of ZnO. 
Total percentage of lead compounds present 

= 99.70% (average total) —percentage ZnO. 


Atomic weight lead 207.2 

Molecular weight lead oxide 223.2 

Molecular weight lead sulfate 303.2 


As a hypothetical case, wc can assume the presence of a 4.70% ZnO and 
69.00% metallic lead. 


/ Mol. wt. PbSOi ^^ found ^ — % Pb constituents 
\ At. wt. Pb / 

MoirwtrPbSO^^mol. wtT " 
Mol. wt. PbO 


% PbO present 


Mol, wt. PbO 
At. wt. Pb 


X% Pb found ) — % Pb constituents 


Mol, wt. PbO -Mol, wt, PbS04 
Mol. wt. PbS04 


- % PbS04 present. 


Determining the percentage of lead oxide and lead sulfate present by the 
above formulas we find : 


303.1-223.1 


= per cent PbO = 16.68 


223.1 

207.1 


X 69.00 


^-95.00 


223.1-303.1 

303.1 


= per cent PbS04 = 78.32. 


If it is necessary actually to determine the percentage of lead sulfate present, 
the following procedure may be followed : 


Total Lead Sulfate 

Mix 0.5 gram of the sample with 3 grams of sodium carbonate. Add 30 ml. 
of water and boil gently for ten minutes. Allow to stand for four hours. 
Dilute with hot water, filter and wash thoroughly. All the lead sulfate is here 
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ctanged to lead carbonate, the sodium carbonate being transposed to sodium 
sulfate, which is found in the filtrate. 

The sulfate is determined in the filtrate by precipitation as BaSO^* Calcu- 
late the BaS 04 to PhSO^. Determine the total lead as above outlined, deduct 
the lead found as PbS 04 and calculate the residual lead to PbO. 

The foregoing method is the one generally used in the commercial estimation 
of lead and 3 delds excellent results to the analyst who is familiar with it. How- 
ever, in laboratories where only occasional lead determinations are made, the 
well-known gravimetric methods for lead and zinc will sometimes be found 
preferable. The time required for gravimetric determinations is not much 
greater and the chance of error is reduced. 

The method referred to consists in weighing the lead as chromate * and the 
precipitation of the zinc from the filtrate with sodium carbonate, igniting it, 
and weighing as zinc oxide. 

Super Sublimed White Lead 

Super Sublimed White Lead is an extremely white basic sulfate of lead 
pigment. Chemically, it contains no zinc oxide, being a true basic sulfate of 
lead showing approximately 25% lead oxide, the balance being lead sulfate. 
Its physical properties are similar to sublimed white lead, its distinguishing 
characteristics being its extreme w’hitencss. 

The analysis of this pigment is an exceedingly simple procedure. If it is 
desired to determine the sulfate present, the method as outlined under sub- 
limed w hite lead can be used. All the sulfate is calculated as lead sulfate after 
determination of total lead and sulfate, the difference between the lead present 
as lead sulfate and the total lead present being calculated as lead oxide. 

The analysis of this pigment can be further simplified by a simple deter- 
mination of the total lead present and the calculation followed for the deter- 
mination of the lead sulfate and lead oxide as outlined under sublimed white 
lead. In this latter calculation, however, it must be remembered that the 
total sum of the lead constituents present represents 100%, instead of the 
difference between 99.70% and the percentage of zinc oxide present in sublimed 
white lead. This is due to the fact that super sublimed white lead show's the 
presence of no zinc oxide or insoluble residue. By the simple substitution of 
100.00 in place of the determined per cent Pb constituents in the formula anti 
the determination of the total lead present, the analysis can be completed in 
a rapid w'ay. 

• As outlined under Basic Carbonate of Lead. 
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BASIC CARBONATE OF LEAD 

Basic Carbonate White Lead.^ Old Dutch Process White Lead. Quick 
Process White Lead 

Basic carbonate white lead contains approximately 80% metallic lead and 
20% carbonic acid and combined water with traces sometimes of silver, anti- 
mony and other metals. The formula for this compound is 2 PbC 03 - Pb(OH) 2 . 

Total Lead (Gravimetric) 

Dissolve 1 gram in 20 ml. of HNOj (1 : 1 ) in a covered beaker, heating till 
all CO 2 is expelled; wash off cover, add 20 ml. of H 2 SO 4 (1 : 1 ) and evaporate 
to fumes of SO 3 , coo), add about 150 ml. of water and 150 ml. of ethyl alcohol; 
let stand in cold water one hour, filter on a Gooch crucible, wash with 95% 
ethyl alcohol, dry at 110° C., and weigh the PbS04. Calculate to PbO or to 
basic carbonate.® Instead of determining the lead as sulfate, the sample may 
be dissolved by boiling with acetic acid; then dilute to about 200 ml, with 
water, make alkaline with NH 4 OH, then acid with acetic acid, heat to boiling 
and add 10 to 15 ml. of a 10% solution of potassium dichromate; heat till the 
yellow precipitate assumes an orange color. Let settle and filter on a Gooch 
crucible, washing by decantation with hot water till the washings are colorless, 
finally transferring all of the precipitate. Tlien wash with 95% ethyl alcohol 
and then ether; dry at 110° C. and weigh PbCrO*. (Any insoluble matter 
should be filtered out before precipitating the lead.) 


Total Lead (Volumetric) 


Dissolve 0.5 gram of sample in 10 ml. of concentrated hydrochloric acid, 
boil till solution is effected, cool, dilute to 40 ml. and neutralize with ammonium 
hydroxide. Add acetic acid until distinctly acid, dilute to 200 ml, with hot 
water, boil and titrate with ammonium molybdate as follows : 

Dissolve 4.25 gram of ammonium molybdate in water and make up to one 
liter. To standardize this solution, dissolve about 0.2 gram of pure lead foil 
in nitric acid (pure PbO or PbS04 may also be used), evaporate nearly to dry- 
ness, add 30 ml. of water, then 5 ml. II2SO4 (sp.gr. 1.84), cool, and filter. 

Drop filter with PbSOi into a flask, add 10 ml. concentrated HCl, boil tffl 
completely disintegrated, add 15 ml. of HCl, 25 ml, of water, and LH 4 OH till 
alkaline. Acidify with acetic acid, dilute to 200 ml. with hot water and boil. 
Titrate, using an outside indicator of one part of tannic acid in 300 parts of 
water. 

It should be noted that when calcium is present, it forms a more or less 
insoluble molybdate, and results are apt to be high. With samples containing 
less than 10 % of lead, the lead should be precipitated as PbS 04 , filtered, 
rcdissolved and titrated as in the process of standardizing. 


’ Routine Analysis of White Pigments, American Society for Testing Materials. 
*This method of weighing lead sulfate is not accurate m the presence of calcium 


compounds. 
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Carbon Dioxide 

Determine by evolution with dilute hydrochloric acid, absorbing the carbon 
dioxide in soda-lime or KOH solution. Calculate CO2 to PbCOs, subtract PbO 
equivalent from total PbO and calculate residual PbO to Pb(OH)2, 

Acetic Acid * 

Place 18 grams of the pigment in a 500-ml. flask, add 40 ml. of sirupy phos- 
phoric acid, 18 grams of zinc dust and 50 ml. of water. Connect to a straight 
Liebig condenser, apply heat and distill down to a small bulk. Then pass steam 
into the flask until it becomes about half full of condensed water, shut off the 
steam and distill down to a small bulk — this operation being conducted twice. 
To the total distillate which was collected in a larger flask add 1 ml. of sirupy 
phosphoric acid, connect to a Liebig condenser, using a spray trap, and distill 
to a small volume — about 20 ml. Pass steam through till about 200 ml. of 
water condenses in the distillation flask, shut off steam and continue the dis- 
tillation. These operations of direct and steam distillations are conducted 
until 10 ml. of the distillate require only 1 drop of 0.1 N alkali to give a change 
in the presence of phenol phthalein. Then titrate the total distillate with 
0.1 N sodium hydroxide and phenol phthalein and calculate the total acidity 
as acetic acid. It wdl be found convenient to titrate each 200-mi. portion of 
the distillate as collected. 

Metallic Lead 

Weigh 50 grams of the sample into a 400-ml. beaker, add a little water and 
add slowly 60 ml. of 40% acetic acid and after effervescence has ceased, boil 
on hot plate. Fill the beaker with water, let settle, and decant the clear 
solution. To the residue add 100 ml. of a mixture of 360 ml. of cone. KH4OH, 
1080 ml. of water, 2160 ml. of 80% acetic acid, and boil until all solution is 
complete. Fill the beaker wdth water, let settle and decant the clear solution. 
Collect residue on a watch-glass, floating off everything but metallic lead. 
Dry and weigh. Result X2 = percentage of metallic lead in sample. 

The following method of A. N. Finn (unpublished) gives total basicity of 
a pure white lead : Place 2 grams of pigment in an evolution flask, add a little 
COrfree water, connect with a separatory funnel and condenser (Knorr type), 
add through the funnel, finally washing down, 100 ml. of N/4 nitric acid, 
boil and absorb the CO2 in a soda lime tube in the usual manner (having H2SO4 
and CaCh drying tubes in train) and weigh. To the solution in the evolution 
flask, add about 20 ml. of neutral sodium sulfate solution and titrate with 
N/4 sodium hydroxide solution (carbonate-free), using phenolphthalein. CO* 
Ls calculated to PbCOj. The amount of N/4 acid corresponding to the CO* 
is calculated and deducted from the total amount of N/4 acid neutralized by 
the sample and the difference calculated to combined H2O, from which Pb(OIl)2 
is computed. 

• Thompson's Method, Jour. Soc. Chem. Ind., 24, 487 (1905). 
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ZINC LEAD AND LEADED ZINC 

Zinc lead and leaded zinc are varying compounds containing zinc oxide 
and lead sulfate, the former showing approximately 50% zinc oxide and 50% 
lead sulfate, while the latter contains on an average 25% lead sulfate and 
75% zinc oxide. The most widely used type is probably that with 35% basic 
lead sulfate. See also pp. 509, 1060, Vol. I. 

These pigments may be analyzed by the following procedure : 

Moisture.— Heat 2 grams at 105“ C. for two hours. Cool and weigh. 

Lead and Zinc. — Determine the lead directly by the method given under 
Basic Carbonate of Lead, and the zinc by the volumetric ferrocyanide method 
as outlined under Sublimed TOite Lead. See also pages 509 and 1060, Vol. I. 

Total Soluble Sulfates (in the absence of BaS04) .—Treat 0.5 gram of 
the sample with 5 ml. of water, 3 grams of NH4CI and 5 ml. of HCl saturated 
with bromine; digest (covered) on the steam bath about fifteen minutes, add 
25 ml. of H2O, neutralize with dry Na2C03 and add about 2 grams more. Boil 
ten to fifteen minutes; let settle, dilute with hot water, filter and wash with 
hot water ; redissolve in HCl, reprecipitate as above and wash thoroughly with 
hot water. Acidify the united filtrates with HCl and add a slight excess of 
10% BaClj solution. Let stand on steam bath for one hour, filter^ wash with 
hot water, ignite and weigh the BaS04. Calculate to SO3 (includes SO3 formed 
from SO2). 

Total Soluble Sulfate (in the presence of BaS04). — Treat 1 gram in a 
600-ml. beaker with 10 ml. of H 2 O, 10 ml. of strong HCl, saturated with bro- 
mine, and 5 grams of NH4CI, heat on a steam bath in a covered beaker for five 
minutes, add hot water to make about 400 ml., boil for five minutes and filter 
to separate any insoluble material. (A pure pigment should be completely 
dissolved.) Wash with hot water, ignite and weigh the insoluble. Remove 
lead with Na2C03 as above, making a double precipitation, acidify, and to the 
boiling hot filtrate add slowly, with stirring, 20 ml of a 10% BaCL solution; 
let stand for two hours on the steam bath, filter, wash, ignite, and weigh as 
BaS04. (Includes SO3 formed from SO2.) 

Soluble Zinc Sulfate. — Heat nearly to boiling 2 grams of the sample with 
150 ml. of w'ater and 50 ml. of alcohol for thirty minutes, filter and wash with 
a mixture of alcohol and water (1 : 3). Heat the filtrate to boiling and expel 
most of the alcohol ; then determine SO3 by the usual method of precipitation 
with BaCL. Calculate to ZnS04 and to SO3. 

Sulfur Dioxide. — Digest 2 grams of the sample with frequent stirring in 
100 ml of freshly boiled cold water and 5 ml of concentrated HCl; let stand 
ten to fifteen minutes, add an excess of 0.01 normal iodine solution and titrate 
back with 0.01 normal sodium thiosulfate solution, using starch indicator. 
Report as SO 2. Run blank on reagents and make corrections. 

Calculations.— Report soluble SO3 as ZnS04. Deduct ZnO equivalent of 
the ZnSOi from total ZnO and report residue as ZnO. Deduct soluble SOa 

^“Report of Sub-committee VIII of Committee D-1, Proceedings of American 
Society for Testing Materials, H, 271-2, 1914. 
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and SO3 equivalent to SO2 from total SO3, calculate remainder to PbSO<; sub- 
tract PbO equivalent of PbS04 from total PbO and report remainder as PbO. 


ZINC OXIDE 

Moisture. — Heat 10 grams on watch-glass for two hours at 105 to 1 10® C. 
Cool and weigh. 

Zinc Oxide. — Using a 0.25 g. sample, determine zinc as outlined under 
Basic Sulfate of Lead. 

Total Soluble Sulfur. — Moisten 10 g. of the pigment with alcohol, add a 
few drops of Br^, or about 5 ml. of Br-water, then concentrated IICl in excess; 
boil to expel the Br^; filter off any insoluble matter, and wash the paper with 
hot water. 

Nearly neutralize the clear solution in a covered beaker with NaOH solu- 
tion, complete the neutralization with dry NagCOs and add about 2 g. more 
of this reagent. Boil 10 to 15 minutes, wash off cover, let settle, filter, and 
wash with hot water. Redissolve the precipitate in HCl (1 : 1), reprecipitate 
with NasGGs as above, filter, and wash thoroughly with hot water. Acidify 
the united filtrates with HCl, adding about 1 ml. in excess. Boil to expel 
bromine and to the clear boiling solution add slowly with stirring an excess of 
a 10% BaCL solution. Let stand on a steam bath for at least 1 hour, filter on 
a weighed Gooch crucible, wash thoroughly with boiling water, dry, ignite at 
a dull red heat, cool, and weigh as BaSO^. This will include soluble sulfates, 
SO3 formed from SO2 and the SO3 that is formed from sulfide sulfur. 

Sulfur Dioxide (Rigg Method). — Make a suspension of 5 g. of the sample 
in 50 ml. warm water (freshly boiled and then partly cooled), pour into a glass 
stoppered iodine determination bottle containing 18 ml. of HCl and exactly 
25 ml. of 0.1 N iodine solution, and shake until all the oxide i.s dissolved. 
Titrate the excess of I2 as rapidly as possible wdth 0.1 N thiosulfate solution. 
If the thiosulfate .solution is not exactly 0.1 N, a blank should be run. 

Zinc Sulfate. — Proceed as under Zinc Lead and Leaded Zinc. 


LITHOPONE 

Lithoponc, in the restricted sense, is a mixture of equimolar quantities of 
zinc sulfide and barium sulfate. The commercial pigment contains appro-Xi- 
mately 28% of the former ingredient and 72% of the latter. Lithopone is 
produced in several modifications, the principal ones being those in which the 
extending portion is calcium sulfate or magnesium silicate, High strength 
lithopone contains from 45 to 00% of zinc sulfide. 
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Moisture. — Heat 2 grams for two hours at 105*’ C. 

Barium Sulfate.—Treat 1 gram with 10 ml. cone. HCl and 1 gram of 
potassium chlorate, added in small amounts. Evaporate to one-half its vol- 
ume, add 100 ml. hot water and a few ml. of dilute H 2 SO 4 . Boil, filter, wash 
and weigh tlie insoluble residue, wLich should show only the presence of barium 
sulfate. Examine the residue for silica and alumina. 

Zinc Sulfide. Determine the zinc in the pigment by the method given 
under Sublimed White Lead. Calculate to zinc sulfide. From this value 
subtract the zinc sulfide equivalent of the zinc oxide as determined below. 

Zinc Oxide. — Digest 1 gram of the pigment with 100 ml. of 3% acetic acid 
solution for 18 hours. Stir several times during digestion, especially during 
the first hour. Filter, wash with 3% acetic acid and determine the zinc by 
the usual method. 

Soluble Salts. — Digest 2 grams with hot water and examine the filtrate for 
soluble salts. 


TITANIUM PIGMENTS 

The titanium pigments used in paints are: titanium dioxide, barium base 
pigment, which k a mixture of 25 parts of titanium dioxide and 75 parts of 
barium sulfate, calcium base pigment, which is a mixture of 30 parts of titanium 
dioxide and 70 parts of calcium sulfate, titanated lithopone, which is a mixture 
of 8.5 parts of lithopone and 15 parts of titanium dioxide, and lead titanate. 
A mixture of titanium dioxide and magnesium silicate is sometimes found. 

Barium Sulfate, — Weigh Yi gram sample into 250-ml. Pyrex glass beaker; 
add 20 ml. concentrated sulfuric acid and 7 or 8 grams ammonium sulfate. Mix 
well and heat on hot jdate until fumes of sulfuric anhydride are evolved and 
then heat directly over Ha me to boiling for five minutes or until solution is 
complete. Traces of silica, if any, remain as an insoluble residue. 

Cool, take up with 100 ml. of water, boil and filter off barium sulfate and 
silica, washing with 0 % sulfuric acid to free residue from titanium. Use the 
filtrate for the dctcrjnination of titanium dioxide. 

Calcium Sulfate.— Extract the calcium sulfate by boiling 0.5 gram of the 
pigment in a 250-mi. beaker with 25 ml. of hydrochloric acid (1 : 1) for several 
minutes. Dilute to 150 ml. with water, boil and filter. Wash the residue 
with hot hydrocldoric acid solution (10 ml. of HCl sp.gr. 1.19 and 990 ml. of 
water) until the wasliings sliow no calcium, when tested with NH4OH and 
(^ 114 ) 20204 . Determine the calcium in the filtrate by the oxalate method. 

Titanium Dioxide.— Determine the titanium in the filtrate from the barium 
sulfate reducing it in a Jones or similar rcductor and titrating the reduced 
solution with a standardized ferric ammonium sulfate or potassium perman- 
ganate solution. 
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Lead Titanate.* — If lead titanate is to be determined, it will be necessary 
first to separate any other compounds of lead that may be present. If separate 
determinations of the basic carbonate and basic sulfate of lead are desired, 
first extract the former with 10% acetic acid solution, and then the latter with 
40% neutral ammonium acetate solution; otherwise, extract with acid am- 
monium acetate solution as directed under Basic Sulfate of Lead. The lead 
oxide in leaded zinc, if present, will be in the acetic acid extraction. The 
residue, after extraction, is dried and treated with 25 ml. sulfuric acid and 10 
grams ammonium sulfate for each 0.5 grams of residue as directed in the first 
paragraph under Barium Sulfate. The solution is diluted to 200 ml. and al- 
lowed to stand overnight. If barium sulfate is absent, and if no titanium di- 
oxide has been precipitated, the lead sulfate may be filtered, dried and weighed 
in the usual manner. It is, however, recommended that the precipitate be 
redissolved in ammonium acetate solution and the lead determined as lead 
chromate. Calculate the lead as PbTiOs, 

This method will account for approximately 92% of the pigment. The 
remainder is uncombined sulfate, which is not distinguishable from other lead 
sulfate that may be present. 


ANTIMONY OXIDE 

Antimony trioxide (Sb^Os), a fume pigment that has recently been intro- 
duced, may be occasionally found in certain classes of mixed paints. After 
being brought into solution, it may be quantitatively estimated by oxidation 
with permanganate or iodine. 


ZIRCONIUM PIGMENTS 

The usual zirconium pigments, in addition to considerable SiOj, usually 
contain less than 0.2% each of Ti02 and Fe20j. The following simplified 
method, as modified by Mr. C. J. Kinzie, is based on the procedure of Lundell 
and Knowles. 

Fuse the sample, or the insoluble matter, with Na^COa in a platinum 

* Based on method of D. W. Robertson, Private communication, 1937. 

*1 Physical and Chemical Examination of Paints, Varnishes, I^acquers and Colors. 
H. A. G^ner. 
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crucible, extract the fusion with 30 ml. of H2SO4 (1 : 1 ) and evaporate to 
strong SO3 fumes. If considerable residue adheres to the beaker, remove 
from the heat at the first signs of SO3 and scrape the residue from walls of 
the beaker with a glass rod and wash down with H2SO4 ( 1 : 1 ) from a wash 
bottle, then continue the heating to strong fumes as directed. Filter and treat 
the residue with H2SO4 and HF. Examine the residue for undecomposed pig- 
ment and, if necessary, make a second fusion with Na2C03. 

Treat the filtrate from the Si02 with NH4OH and filter. Reject the filtrate 
and dissolve the precipitate in H2SO4 (1 : 1). 

Adjust the acidity of the solution to about 1 % (by volume) of H2SO4 and 
pass in H2S to remove the heavy metals. Filter. If desired, analyze the H2S 
precipitate by the regular methods. 

Adjust the acidity of the filtrate from the H^S treatment to 10% (by 
volume) of H 2 SO 4 , in 400 ml. of solution. Boil to remove H^S. Cool to 
between 5 ® and 14 *^ C. 

Add an excess of cold 6% aqueous solution of cupferron to precipitate the 
zirconium, titanium and iron. An excess of the precipitant is indicated by the 
formation of a fine white precipitate which redissolves instead of a curdy one, 
which persists. The color of the cupferron precipitate is an excellent indica- 
tion of the amount of titanium present, since zirconium precipitates are pure 
white while the titanium precipitates are yellow. A brownish tint indicates 
iron or, less likely, vanadium. Filter, after a five-minute digestion, using an 
ashless filter paper and a platinum cone, with gentle suction. Thoroughly 
wash the precipitate with cold 10 % (by volume) HCl. 

Clear filtrate and washings indicate complete precipitation of zirconium 
and titanium, while cloudy or opalescent ones indicate the reverse. The latter 
occasionally develops, and no satisfactory explanation has been found. Under 
these circumstances, recovery must be made as follows : Evaporate the solution 
to a small volume and destroy the organic matter by dige.stion with HNO3, 
finally heating until fumes of H2SO4 appear. Cool, dilute, filter off any SiOa 
rcsvdting from attack on glassware, and repeat the precipitation with cupferron 
in a 10% H2SO4 solution as directed above. ^ t 1 • 

Carefully dry and ignite the paper and precipitate in a tared platinum 
crucible and finally ignite over a blast lamp or its equivalent. Cool in a 
desiccator, and weigh as mixed oxides of Zr, Ti, Fe and rare earth. Fuse the 
mixed oxides with potassium pyrosulfate, take up in 10% (by volume) of 
H2SO4, and determine the iron colorimetrically. 

Titanium should be determined on an original sample. 

Aluminum is determined in the filtrate from the cupferrra treatment. 
Destroy organic matter by heating with small quantities of HAOa, finally 
lieating to fumes of SO,. Dilute, filter off any silica dissolved from the beaker 
and determine aluminum in the filtrate. 
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SILICA OR SILEX—CHINA CLAY— ASBESTINE 

These pigments, while all true silica pigments, are widely different in 
physical structure, A microscopic examination is of great value. 

The particles of quartz or silex are sharp and irregular, those of china clay 
are flat, and those of asbestine are rodlike. Diatomaceous earth may some- 
times be recognized in siliceous pigments. The color, fineness, and other such 
properties are more important than chemical analysis. However, if desired, 
determinations of silica alumina, magnesia, etc., may be made by recognized 
methods. 

Moisture. — Heat 2 grams at 105® for two hours. 


WHITING (PARIS WHITE), GYPSUM (PLASTER OF PARIS) 

These pigments are of the following composition: 

Whiting. — The natural form of calcium carbonate. 

Paris White. — The artificial form of calcium carbonate. 

Gypsum. — The hydrated form of calcium sulfate, of formula CaS04'2H20, 

These pigments are analyzed in the following manner: 

Moisture. — -Heat 2 grams at 105® C. for two hours. 

Loss on Ignition. — Ignite 1 gram at a high heat to constant weight. The 
loss will be water, if carbonates are absent. 

Calcium. — Treat 1 gram with dilute HCl and a few drops of HNO3. Kvap- 
orate to dryness, dehydrate, moisten with a few drops of concentrated IK.'l, 
dilute with hot water and determine the insoluble residue. Examine for 
BaS 04 . The residue should consist of silica. 

In the filtrate, precipitate and determine the iron hydroxide and aluminum 
hydroxide in the usual manner. The calcium is precipitated in the boiling 
ammoniacal filtrate with 30 ml. of saturated ammonium oxalate solution, 
allowing the solution to boil for one-half hour. A double precipitation is here 
advisable to remove the last traces of magnesium. The calcium oxalate is 
filtered off, thoroughly washed and determined volumetrically by the perman- 
ganate method, p. 211. 

Magnesium. — Determine in the filtrates after removal of the calcium hy 
precipitation as magnesium ammonium phosphate and ignition to magnesium 
pyropho.sphate in the usual manner. 

Carbon Dioxide. — Determine by the evolution method. 

Sulfates. — Dissolve 1 gram in concentrated HCl, remove any insoluble 
residue, heat to boiling and precipitate any sulfate as BaS 04 , determining in 
the usual manner. 
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BARYTES AND BLANC FIXE 

Of these two barium pigments used in the manufacture of paints, barytes 
is the natural barium sulfate, while blanc fixe is precipitated barium sulfate. 
Their barium sulfate content should be not less than 95%, 

The following method may be used for the analysis of these pigments: 

Moisture. — Heat 2 grams at 105'^ C. for two hours. 

Loss on Ignition. — Ignite 1 gram to constant weight. The loss will be 
reported as loss on ignition, and will consist of free and uncombined water, 
carbon dioxide and organic matter. 

Barium Sulfate. — Boil 1 gram with dilute HCl, evaporate to dryness, 
moisten with HCl, add water, boil, filter and wash. Should lead be present 
in the insoluble residue, as shown by the action of H 2 S, treat the insoluble 
residue with a little (1 : 1) HCl and several drops of H2SO4. Filter, wash and 
weigh the residue. Treat the ignited residue with H 2 SO 4 and HF, evaporate 
to dryness and ignite. The residue should show no loss as silica. The filtrate 
is examined for alumina, iron, calcium and magnesium in the usual manner. 

Soluble Sulfates. — Treat 1 gram with 20 ml. cone. HCl, dilute to 200 ml. 
with hot water, boil, filter, wash, add XH4OH until neutral, make acid with 
HCl and precipitate any sulfate as BaS 04 . Determine in the usual manner. 
Calculate to CaS 04 . If carbonates are present, calculate the remaining CaO 
to CaCOg. Any excess of oxide is reported as CaO. 

Carbon Dioxide. — Determine in the usual way. If any barium carbonate 
is present, it is determined in the filtrate from the preliminary HCl treatment, 
by precipitation and weigliing, as BaSOi. Any excess of carbon dioxide over 
tlie barium is reported as calcium carbonate. 


ANALYSIS OF A COMPOSITE WHITE PAINT 

A white paint may consist of a mixture of any of the preceding pigmerits, 
excepting that lead pigments and lithopone are seldom found together, owing 
to their tendency to blacken with the formation of lead sulfide. 

After separation from the oil and other liquids as outlined above, the white 
pigment mixture may be rapidly analyzed by the following method. It is, 
however, often advisable to resort to a qualitative examination before begin- 
ning the quantitative analysis. 

Insoluble Residue.— Boil 1 gram of the^ sample with 20 ml. (1:1) HCl. 
Evaporate to dryness, moisten the residue with a few ml. of concentrated HCl, 
allow to stand a few minutes, dilute with hot water, boil, filter and wash the 
insoluble residue thoroughly with hot water. Treat the insoluble residue with 
(I : 1) HCl and 2 ml. H 2 SO 4 to remove the last traces of lead. ^ Filter, wash 
and weigh the insoluble residue. Determine the silica by volatilization with 
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H2SO4 and HF. Any loss is reported as silica. Determine the BaS04 in the 
residue by boiling with dilute HCi or by making a potassium bisulfate fusion. 
The residue remaining after either of these treatments is reported as barium 
sulfate. 

Total Lead. — This constituent can best be determined on a separate sample. 
To 1 gram add 10 ml. of cone. HNO3, boil, add, after cooling, cone. H2SO4 and 
evaporate to strong SO? fumes. Dilute with water, allow to stand several 
hours, filter, wash slightly, dissolve and determine the lead volumetrically as 
outlined under Sublimed White Lead. 

Lead can also be determined on the combined filtrates from the insoluble 
residue. Precipitate the lead in an acid solution with HoS and determine as 
directed under Basic Carbonate of Lead. Reserve the filtrate for the deter- 
mination of iron, aluminum, zinc, calcium and magnesium. 

To determine whether both sublimed white lead and corroded white lead 
are present, treat a separate portion of the paint with boiling acetic acid, filter 
and collect the insoluble residue. Determine the lead either in the filtrate or 
in the insoluble residue by the volumetric method. The lead soluble in acetic 
acid is the basic carbonate of lead and the lead oxide from the sublimed white 
lead, while the lead sulfate from the sublimed white lead remains insoluble. 

Alumina and Iron Oxide. — Remove the HeS from the filtrate from the lead 
sulfide, above, by boiling, oxidize the iron with a few drops of HNOs, and 
precipitate the hydroxides with ammonia. Separate and determine the iron, 
and aluminum in the usual manner. 

Zinc. — Acidify the filtrate from the alumina and iron precipitation w^ith 
acetic acid, separate the zinc with H2S and determine as outlined under Sub- 
limed White Lead. 

Calcium and Magnesium. — Determine the calcium and magnesium in the 
filtrate from the precipitation of zinc sulfide in the usual manner, first testing, 
however, for the presence of barium. 

Sulfate. — Determine as outlined under Zinc Lead and Leaded Zincs. 

Sulfide. — Should lithopone be present, separate the zinc oxide and zinc 
sulfide as outlined under Lithopone. 

Carbon Dioxide. — Determine as outlined under Basic Carbonate of Lead. 

Calculations. — Silica is reported as silica, except where alumina is present, 
showing the presence of China clay. In this case, calculate the alumina to clay 
by the following method. 

Weight of AI2O3X 2.5372 = weight of clay. 

Weight of clay X 0.4667 = weight of SiOa in clay. 

Any difference greater than 5% may be considered silica. 

Barium sulfate is reported as barium sulfate or as lithopone, if zinc sulfide 
is present, according to the given composition of lithopone, 70% barium sul- 
fate and 30% zinc sulfide. 

Lead is reported as Basic Carbonate of Lead on the formula 2PbC03' 
Pb(OH)2. 

Calculate lead soluble in acetic acid, after determining CO2, to basic lead 
carbonate and any residual lead to lead oxide which, together with the lead 
sulfate is reported as Sublimed White Lead. 

Should calcium sulfate be present, the portion soluble in water is examined 
for lime or sulfuric acid and calculated to calcium sulfate, any residual lime 
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jbeing calculated to calcium carbonate and any residual sulfuric acid being 
calculated to lead sulfate. Any residual CO 2 after calculating calcium carbo- 
nate is calculated to white lead and any residual lead is calculated to lead oxide. 

Lead oxide should not be reported except in the presence of lead sulfate. 
Any large percentage of magnesium indicates the presence of asbestine. 


RED AND BROWN PIGMENTS 

These pigments are grouped under these heads: 

The Lead Oxide Pigments — The Iron Oxide and Manganese Oxide 
Pigments — The Mercury Oxide Pigments 


RED LEAD AND ORANGE MINERAL 

These pigments in tlie pure form are oxides of lead, of the generally ac- 
cepted form, Pb 304 , being probably mixtures of lead monoxide, and lead 
dioxide. 

Two methods are given for the analysis of this pigment. 

Moisture.—Dry 2 grams at 105^ for two hours. 

Organic Color.— Boil 2 grams with 25 ml. of 95% ethyl alcohol, let settle, 
decant off the supernatant liquid; boil residue with water, decant as before and 
boil residue with very dilute NH.OH. The pigment should also be extracted 
with chloroform. If cither the alcohol, chloroform, water or IvH.OH is col- 
ored, organic coloring matter is indicated. . , , , Tixm 

Total Lead and Insoluble Residue.— Treat 1 gram with 15 ml. of HNOa 
(1 : 1) and sufficient hydrogen dio.xide to dissolve all the PbOj on warming. 
If any insoluble matter is present, add 25 ml. of w^ater, boil filter and wash 
with hot water. Insoluble contains free SiO„ and should be examined for 
BaSO, and silicates, if appreciable. To the original solution or filtrate from 
insoluble, add 20 ml. of cone. H.SO^ and evaporate to SO, fumes; “ol and 
determine lead as lead sulfate either gravimetrically or volumetncally. If the 
sample contains soluble barium salts, the PbSO. will contain and should 

be treated with acid-ammonium acetate solution, the lead being determined 
in the filtrate. 
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Determination of Lead Peroxide (Pb02) and True Red Lead (PbsOO* — 

(Method of Diehl, modified by Topf — not applicable when substances are 
present, other than oxides of lead, that liberate iodine under conditions given.) 

Weigh 1 gram of finely ground sample into a 200- ml. Erlenmeyer flask, 
add a few drops of distilled water and rub the mixture to a smooth paste with 
a glass rod flattened on end. Mix in a small beaker 30 grams of C.P. “ Tested 
Purity crystallized sodium acetate, 2.4 grams of C.P. potassium iodide, 10 
ml. of water and 10 ml. of 50% acetic acid; stir until all is liquid, warming 
gently; if necessary add 2 to 3 ml. of cool to room temperature and pour 
into the flask containing the red lead. Rub with the glass rod until nearly all 
the red lead has been dissolved ; add 30 ml. of water containing 5 or 6 grams of 
sodium acetate, and titrate at once with decinormal sodium thiosulfate, adding 
the latter rather slowly and keeping the liquid constantly in motion by whirling 
the flask. When the solution has become light yellow, rub any undissolved 
particles up with the rod until free iodine no longer forms, wash off rod, add 
the sodium thiosulfate solution until pale yellow, add starch solution and titrate 
until colorless, add decinormal iodine solution until blue color is just restored 
and subtract the amount used from the volume of thiosulfate that had been 
added. 

Calculation . — The iodine value of the sodium thiosulfate solution multiplied 
by 0.942 — PbOo; the iodine value multiplied by 2.700 = Pb 304 ; the PbOj value 
multiplied by 2.866 = Pb 304 . 

The red lead may also be examined for zinc, carbon dioxide, and soluble 
sulfate. 

A second method for determination of the lead peroxide or true red lead 
content is somewhat shorter.*^ 

Treat 1 gram in a beaker with 15 ml. of nitric acid, sp.gr. 1.2 (110 ml. nitric 
acid, sp.gT. 1.42 to 100 ml. of \vater). Stir the sample until all trace of reil 
color has disappeared. Add from a calibrated pipette or burette exactly 10 ml. 
of dilute hydrogen dioxide (I part of 3% hydrogen dioxide to 3.5 parts of 
water). Add about 50 ml. of hot w’ater and stir until all the lead dioxide has 
passed into solution. In the case of some coarsely ground oxides the contents 
of the beaker may have to be gently heated to effect complete solution. After 
the oxide has completely passed into solution, dilute with hot water to about 
250 ml. volume and titrate directly with a standard potassium permanganate 
solution, having an iron value of 0.005. Titrate to the faint pink permanga- 
nate color. A blank titration on the hydrogen dioxide solution must now 
be made. 

Into a beaker pour 15 ml. of nitric acid of above strength and add exactly 
the same amount of hydrogen dioxide (10 ml.). Dilute to 250 ml. with hot 
w'ater and titrate with standard pota-ssium permanganate solution to a faint 
pink color. 

The difference between the number of ml. of potassium permanganate re- 
quired for the blank titration and the number required for the red lead titration 
is the amount required for the hydrogen dioxide which was reacted on by the 

w Dingl. Polyt. .Jour., 246, 196. 

** Zeitschrift fiir analyti.sche Chemie, 26 , 296. 

” “/Vnalyslsof Lead and Its Compounds," Schaeffer and and Calbcck, p- 
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red lead. The difference between the two amounts of potassium permanganate 
required multiplied by 3,058 grams gives the percentage of red lead present. 
The difference multiplied by 1.067 gives the percentage of PbOa present. 


VERMILION 

The following portion of Walker’s method will suffice for the examination 
of this pigment. Should the analyst desire to determine the sulfide of mercury 
present or make a more complete examination — reference may be made to the 
original method. 

True vermilion, or, as it is generally called, English vermilion, is sulfide 
of mercury. On account of its cost it is rarely used in paints, and is liable to 
gross adulteration. It should show no bleeding on boiling with alcohol and 
water and no free sulfur by extraction with carbon disulfide. A small quantity 
mixed with five or six times its weight of dry sodium carbonate and heated in 
a tube should show globules of mercury on the cooler portion of the tube. The 
best test for purity is the ash, which should be not more than one-half of 1%. 
Make the determination in a porcelain dish or crucible, using 2 grams of the 
sample. Ash in a muflle or in a hood with a very good draft, as the mercury 
fumes are very poisonous. It is seldom necessary to make a determination of 
the mercury. 

Genuine vermilion is at the present time little used in paints. Organic 
lakes arc used for most of the brilliant red, scarlet and vermilion shades. These 
organic coloring matters are sometimes precipitated on red lead, orange mineral 
or zinc oxide ; but as a usual thing the base is barytes, whiting or China clay. 
Paranitraniline red, a compound of diazotized paranitraniline and beta-naph- 
thol, is largely employed ; but a number of colors may be used. 

Paranitraniline red is soluble in cldoroform. It is also well to try the solvent 
action on different reds, of sodium carbonate, etc. The amount of organic 
pigment present in such reds is generally very small, and when it cannot be 
determined by ignition owing to the presence of lead, zinc or carbonate, it is 
best determined by difference. 

P. H. Walker, Bulletin 109, Revised, Bureau of Chemistry, U. S. Dept, of Agri., 
pp. 31-33. 
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IRON OXIDES 

The iron oxides and manganese oxide pigments include the ochres, umbers, 
siennas, Venetian red, metallic b^o^Yn, Indian red and Tuscan red. 

In analyzing these pigments, the following constituents are sought; mois- 
ture, loss on ignition, insoluble residue, iron oxide, manganese dioxide, calcium 
and magnesium oxides and sulfur trioxide. 

Owing to the similarity of the methods used for the analysis of these pig- 
ments to those used in the analysis of iron ores, the analyst is referred to p, 469 
on the Analysis of Iron Ores, or to the method of Walker,^® 


BLUE PIGMENTS 

The principal blue pigments used in paints are Prussian, ultramarine, blue 
lead, and phthalocyanine. 

Prussian blue is the double iron and potassium salt of hydroferrocyanic and 
hydroferricyanic acids. 

Ultramarine blue is essentially a silicate and sulfide of sodium and aluminum. 

Sublimed blue lead is the fume product resulting from the smelting of lead 
ores. In composition it consists of lead sulfate, lead sulfide, lead sulfite, lead 
oxide and zinc oxide, with occasional traces of carbon. It is finding its great- 
est use as an inhibitive pigment for the protection of iron and steel. Its color 
is a bluish gray. 

Phthalocyanine blue is a copper compound of phthalocyanine and may be 
identified by the presence of copper. 


ULTRAMARINE BLUE 

Moisture. — Heat 2 grams at 105° C. for two hours. 

Silica. — Digest 1 gram with 30 ml. of concentrated HCI, taking care to 
avoid spattering. Evaporate to dryness, dehydrate, moisten with cone. HCI, 
dehydrate a second time, dilute, filter, and determine the silica by volatilization 
with H2SO4 and HF. 

Aluminum Oxide. — In the filtrate from the silica, precipitate the aluminum 
hydroxide and determine in the usual manner. Report as aluminum oxide, 

” Bulletin 109, Revised, Bureau of Chemistry, U. S. Dept. Agri., pp. 38-34. 
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Sodium Oxide. — The filtrate from the aluminum hydroxide is acidified 
with HsSO^. Evaporate to dryness, ignite at a low red heat, and weigh the 
sodium sulfate. Calculate to sodium oxide. 

Total Sulfur. — Fuse 1 gram with a mixture of KNO 3 and NajCOs. Dis- 
solve the fused mass in HCI, boil with cone. HNO3 for one-half hour, remove 
the insoluble residue and determine the sulfuric acid in the usual way. 

Sulfur Present as Sulfate. — Dissolve 1 gram in dilute HCI and boil until 
all the hydrogen sulfide is removed. Filter off the insoluble residue and deter- 
mine the sulfate in the filtrate. 


PRUSSUN BLUE— (CfflNESE BLUE)— ANTWERP BLUE 

Moisture.— Heat 2 grams at 105° C. for two hours. Dry Prussian blue 
should contain less than 7% moisture. 

Nitrogen. — Determine the nitrogen present by the Kjeldahl-Gunning 

method. . 

Iron and Aluminum Oxides.~Ignite 1 gram at a low temperature, sutheient 
to decompose all the blue, but not to render the iron difficultly soluble. Digest 
the residue with (1 ; 1) HCI. Any insoluble residue is examined for silica, 
barium sulfate and alumina. A pure Prussian blue should show no insoluble 
residue. The filtrate is examined for alumina, iron and calcium in the usual 

An aliquot portion of the filtrate after the removal of the calcium is exam- 
ined for the alkaline metal.s. Calculate any alkaline metal present to sulfate. 

Sulfuric Acid. — Determine the sulfuric acid in an aliquot portion after 

removal of the calcium. ^ . ,-7 ■ o: • .1 

Commercial Analysis.-The method of Parry and Coste is sufficiently 
accurate to determine the Prussian blue in most instances. 

If the pigment is a soda blue, the percentage of Prussian blue may be ob- 
tained with sufficient accuracy for commercial purposes by multipl^ng the 
percentage of nitrogen by 3.404 or the percentage of iron (m the absence of 
other iron pigments) by 2.8. The corresponding factors for potash blue are 
4.4 and 3.03 respectively. Some blues, e.g., Chinese blue, may contain tin 
salts. Others may contain manganese or chromium compounds. The pres- 
ence of these compounds should be determined by a qualitative examination 
at least. 

The Analyst, 21 , 225-230, 1896. 
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SUBLIMED BLUE LEAD 

Total Lead. — The total lead content is determined by the volumetric method 
for lead as outlined under Sublimed White Lead. 

Total Sulfur. — Treat 0.5 gram with 10 ml. of water and a few ml. of bromine 
water. Boil gently until all the bromine has passed off. Dilute with water, 
add another portion of bromine water, boil, and continue the treatment until 
the sediment has become white in color. Add 8 ml. of nitric acid, evaporate 
until the brown fumes of nitric acid have disappeared, dilute with w^ater and 
add an excess of sodium carbonate. Determine as outlined under Zinc Lead 
and Leaded Zinc. 

Lead Sulfate. — On a separate sample determine the sulfate directly as 
outlined under Zinc Lead and Leaded Zinc, without any preliminary treatment 
for the oxidation of sulfites and sulfides. 

Lead Sulfite. — Boil 13^ grams with 3 grams of sodium carbonate. Allow 
to stand, filter and thoroughly wash. Treat the filtrate with bromine water 
as outlined under Total Sulfur and determine the combined sulfur present as 
sulfate and sulfite. Deduct the amount present as sulfate and calculate to 
sulfite. 

Lead Sulfide. — Deduct the sulfur present as sulfate and sulfite from the 
total sulfur and report the difference as lead sulfide. 

Lead Carbonate. — Determine any CO 2 present by tlie evolution method 
and calculate to lead carbonate. See p. 235, Vol. 1. 

Lead Oxide. — Deduct the lead present as sulfate, sulfite, sulfide and car- 
bonate from the total lead and report the difference as lead oxide. 

Zinc Oxide. — Determine the zinc volumetrically as outlined under Sub- 
limed White Lead and report as zinc oxide. 

Carbon and Volatile Matter. — Ignite the sample in a partially covered 
crucible at a low heat for two hours. Report the difference in weight as carbon 
and volatile matter. 


YELLOW AND ORANGE PIGMENTS 

Chrome Yellows — ^American Vermilion — Basic Lead Chromate 

The pigments under this class all contain chromates, with the exception of 
orange mineral, which is analyzed as under Red Lead. Freciucntly they con- 
tain lead sulfate and sometimes lead carbonate. A pure chrome yellow 
contain only lead chromate and insoluble lead compounds. Owing to the 

“The Chemical Analysis of Lead and its Compounds, “ Schaeffer and WTitc 
and Ctdbeck, p. 35. 
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frequent use of organic colors to brighten up the pigment, it is essential that a 
test be made for organic colors as outlined under Vermilion. 

The analysis of these pigments is carried out in the following manner : 

Moisture.—Heat 2 grams at 105"^ C. for two hours. 

Insoluble Residue. — Treat 1 gram with 25 ml. of concentrated HCl, boil 
and during the boiling add a few drops of alcohol, one at a time. The solution 
is diluted to 100 mb, the boiling is continued for ten minutes and any insoluble 
residue is filtered off, thoroughly washed and examined for silica, barium sul- 
fate and alumina. 

Lead. — The solution is nearly neutralized with NH4OH and the lead is 
precipitated as PbS with H 2 S. Filter off the precipitate of PbS, dissolve in 
HNO3, add II2SO4, boil to strong fumes and determine as outlined under 
Sublimed White Lead or \veigh as PbS 04 . 

Chromium. — The filtrate from the lead precipitation is boiled until all the 
HsS is driven off. The solution is rendered alkaline with NH 4 OH and the 
chromium is precipitated and determined as chromic oxide. Calculate to 
chromic anhydride. 

If iron or aluminum is present, it will be necessary to separate the chromium 
by oxidizing it with Xa 202 to chromate, and then titrating it with ferrous 
sulfate. 

Zinc, Calcium and Magnesium. — Precipitate the zinc in the filtrate with 
H 2 S and determine as previously outlined. 

In the filtrate from the zinc precipitation, determine the calcium and mag- 
nesium in the usual manner. 

If any carbonates are present, determine by the evolution method. 

Sulfuric Acid.— Determine the total sulfate as outlined under Zinc Lead 
and Leaded Zinc on p. 1801. 

Calculations. — Any chromic anhydride is calculated to lead chromate, sul- 
furic acid to lead sulfate, if calcium sulfate is absent, and any residual lead 
is calculated to lead oxide. 


GREEN PIGMENTS 
Chrome Green 

Green pigments arc usually mixtures of chrome yellow and Prussian blue, 
though organic color is .sometimes present, which may be determined by an 
extraction with alcohol or cldoroform. 

A microscopic examination should be made to determine whether the green 
is a combined precipitation product, winch is of the greater value, or one mixed 
after separate precipitation. A good green will show the presence of green 
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and blue particles, while a poor green will show yellow and blue particles mixed 
with green. The analysis may be carried out as follows : 

Moisture. — Heat 2 grams at 105® C. for two hours. 

Insoluble Residue. — Heat 1 gram at a low heat until the blue color has 
been decomposed, keeping the temperature sufficiently low so as not to render 
any of the iron or lead chromate insoluble. Determine the insoluble residue 
as outlined under Yellow Pigments, ' 

Lead. — Determine as outlined under Yellow Pigments, 

Iron, Alumina and Chromium. — All the HsS is expelled from the filtrate 
after the lead precipitation by boiling. Add a few drops of HNO3, boil a few 
minutes and precipitate the aluminum, iron and chromium hydroxides with 
NH4OH. Filter, wash, dissolve the precipitate in HCl, and make up the solu” 
tion to a definite volume. 

In one portion the three hydroxides are precipitated together with NH4OH 
and weighed. Another portion is treated in a flask with an excess of NajOa 
until the iron hydroxide has assumed its characteristic reddish-brown color. 
Dilute with water, filter, wash and determine the iron in the usual way. Ren- 
der an aliquot of the filtrate from the iron precipitation acid with HNO3, 
precipitate the aluminum hydroxide with NH4OH and weigh as A^Os. 

Chromium is determined in the filtrate by titration with ferrous ammonium 
sulfate as described under Yellow Pigments. Any method for the separation 
of the above hydroxides may be used in place of the one outlined. 

Calcium and Magnesium. — These constituents are determined in the filtrate 
from the precipitation of the above hydroxides. 

Sulfuric Acid. — One gram after ignition until all the blue has been decom- 
posed, is dissolved in 30 mi. of cone. HCl, diluted wdth water, boiled, filtered, 
and washed. The sulfuric acid is determined in the filtrate. 

Nitrogen. — Determine as outlined under Prussian Blue. 

Calculation. — The Prussian blue is determined by using the factors given 
under Prussian Blue. The sulfate is calculated to lead sulfate and calcium 
sulfate, should calcium be present, and the chromium to lead chromate. 


BLACK PIGMENTS 

The black pigments include those which contain carbon as their essential 
constituent. The introduction of many black pigments which are made from 
asphaltic and coal-tar mixtures complicates their chemical analysis. For those 
pigments which contain coal-tar mixtures, recourse may be had to works 
covering this matter thoroughly. 

” “The Analysis of Paints, “ Gardner and Schaeffer, pp. 36-37. 

** Allen’s “Commercial Organic Analysis,” 4th Edition; “The Analysis of Paints," 
Gardner and Schaeffer. 
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The analysis of the simple black pigments may be carried out in the follow- 
ing way : 

Moisture.—Dry 2 grams at 105® C. for two hours. 

Oil* — Extract 2 grams, with ether in a fat-extraction apparatus. 

Carbon. — Determine the carbon by difference after determining the mois- 
ture, oil and ash. 

Ash. — Ignite 2 grams to a bright red heat until all the carbon is driven off. 
If graphite is present, the ignition must be carried out with the aid of oxygen. 
Should carbonate be present, mix the ash with a small amount of ammonium 
carbonate and again ignite, thus reconverting to carbonate any oxide which 
may have been decomposed. 

Analysis of Ash. — The a.sh is boiled with concentrated HCI and the insoluble 
residue determined in the usual manner. The filtrate is examined for calcium, 
magnesium and phosphoric acid. 

Calculate the magnesium to phosphate, any residual phosphoric acid to 
calcium phosphate and any residual calcium to carbonate. 
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STANDARD METHODS OF THE TECHNICAL ASSOCUTION OF 
THE PULP AND PAPER INDUSTRY i 

ISOLATION OF CELLULOSE BY CHLORINATION METHOD ^ 

Apparatus . — A special chlorination apparatus as illustrated in Fig. 266 is 
required for tins determination. It consists of one leveling tube and holder, 
two indi\idual glass 3-way stopcocks, one thermometer, one Hempel precision 
gas burette fitted with a 3- way stopcock, a glass water jacket for the gas 
burette, one Hempel gas pipette, several Jena glass crucibles (No. 3, 35 ml. 
capacity) equipped with a fritted glass bottom of porosity 5 to 7. In addition, 
alundum crucibles with about the same capacity and of porosity R. A. 98 are 
required. 

Solutions. — Alcohol- benzene: This solution consists of 33% alcohol and 
67% benzene by volume. 

Calcium Chloride Solution for Gas Burelfe and Gas Pifiefle . — Saturate 
water with CaCL at room temperature, bubble chlorine gas in until saturated 
and filter for use. 'WTien the apparatus is not in use it is well to have it filled 
with fresh Cl gas, thus keeping the CaCL solution saturated. 

Test Specimen. — The specimen shall consist of about 2 grams of a repre- 
sentative sample of air-dry disintegrated wood or pulp of known moisture 
content. 

The samples of wood or pulp for analysis shall be prepared according to the 
procedures described in the official methods. 

Procedure. — Weigh accurately approximately 2 grams of air-dry w^ood or 
pulp in a tared alundum crucible contained in a weighing bottle. Extract the 
crucible with contents, in the case of W’ood (the extraction may be dispensed 
with in the case of pulps), for 6 hours, or over night if more convenient, in a 
Soxhiet extractor with the mixture of alcohol and benzene. After evaporation 
of the solvent w'ash the saw'dust thorougldy with hot w'ater, using the suction 
pump. Then transfer the moist material to a Jena glass crucible. The cru- 
cible is water jacketed and connected betw’een the gas burette and the gas 
pipette, as showm in Fig. 266, by means of two rubber stoppers through which 
passes a capillary glass tubing. Apply suction first at the bottom of the 
crucible until the excess moisture is removed, and then at the top. The latter 
removes the water from the fritted glass plate and evenly distributes the 
remaining moisture throughout the entire sample. 

Pass a burette-full of chlorine gas from the burette up through the material 
in the crucible and over into the gas pipette as fast as possible- The teni- 

* Reproduced with the permission of the Technical Association of the Pulp and 
Paper Indu-stry. 

*T201 m. Tentative Standard— Sept, 11, 1930. Official Standard — Aug. 15, 1932. 
Corrected — March 15, 1934. 
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perature of the water in the water jacket should be in the range of 23.5'’ to 
32® C., inclusive. During the first chlorination samples of wood absorb ap- 
proximately 230 ml. of Cl gas at room temperature and atmospheric pressure. 
This necessitates refilling the burette, which may be done quickly as it is 
connected to a Cl tank with a 3-way stop cock. The first chlorination treat- 
ment requires from 3 to 4 minutes, after which remove the crucible from the 
apparatus and wash the material with approximately 50 ml. of distilled water, 
and successively with 50 ml. of approximately 3% SO^-water, 50 ml, of water, 
then 50 ml. of freshly prepared 2% sodium sulfite solution. Transfer the 
material to a 250-mL Pyrex beaker, using a pointed glass rod. The last traces 
of material are washed out of the crucible with 100 ml. of 2% NaaSOg solution 
with the aid of a rubber policeman drawn gently over the bottom of the crucible. 



Approximately 15-ml. portions of the Na 2 S 03 solution are added to the 
crucible for each washing. When 60 ml. have been thus used, place 10-ml, 
portions of the remainder in a watch glass and by means of applying gentle 
suction to the top of the crucible, placed on the watch glass as before described, 
remove all of the material from the fritted glass bottom of the crucible. Cover 
the beaker containing the sample \vith a watch glass and place in a boiling 
water bath for 30 minutes. Again transfer the fibers to the glass crucible and 
wash with about 250 ml. of distilled w^ater. 

The above procedure is never sufficient to remove all the lignin, so that the 
treatment with Cl and subsequent treatments as outlined above must be 
repeated until the fibers show only a very faint tinge of pink upon addition of 
the NasSOs solution. The second and following treatments with Cl should 
not require more than 2 or 3 minutes. Prolonged action of Cl gas, together 
'vith the HCl formed in the secondary reactions, hydrolyze the cellulose, give 
low yields and cause varying amounts of alpha-cellulose. 
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After all of the lignin has been removed, wash the fiber thoroughly in the 
alundum crucible successively with 500 ml. of hot water, 50 ml. of 95% alcohol 
and finally with 50 ml. of ether. Then dry it for 2 ^ hours at 105° C. in an 
electrically heated oven. 

Finally place the tared alundum crucible in the original stoppered weighing 
bottle, cool in a desiccator over cone. H 2 SO 4 and weigh as cellulose. 

Report. — The w^eight of the residue shall be reported as a percentage of the 
oven-dry weight of unextracted material. 

Additional Information 

Roe, J. Ind. Eng. Chem. 16, 8 (1924). 

Bray and .Vndrews, Paper Trade J. 76, No. 8 (1923). 

U, S. Forest Products Laboratory Standard Testing Manual for Pulp wood, Pulp, Stuff, 
and Paper. 

Bray, M. W., Paper Trade J. 87, No. 24 (1928). 


CHLORINE CONSUMPTION OF PULP^ 

This value, obtainable during the isolation of cellulose, is a measure of the 
amount of chlorine gas actually consumed by compounds other than cellulose 
in the pulp. Such values for a series of pulps indicate the relative bleacha- 
bilities of the pulps and with a sufficient background of data can be used to 
predict actual bleachabilities. 

Apparatus. — The special chlorination apparatus as described in the stand- 
ard method for the isolation of cellulose is required. (See Fig, 260.) 

Specimen. — The specimen shall consist of about 2 grams of a representative 
sample of air-dry disintegrated pulp of known moisture content. 

Procedure. — The procedure used for the isolation of cellulose shall be 
followed as described, together with certain additional steps: 

Run about 90 ml. of Cl gas into the gas burette and note the exact amount, 
after which pass the entire amount of gas up through the sample and over 
into the gas pipette. 

Note. — This method is a revision of U. S. Forest Products I.aboratory Official 
method No. 35 [See Paper Trade J. 87, 25, 52-53 (1928)]. 

Then run the uncomsumed gas back into the ga.s burette and note the 
exact amount. By difference, obtain the total volume of gas used. When the 
Jena glass crucible containing the chlorinated sample i.s placed in the suction 
filter flask, wash the pulp with four 25-ml. portions of water at a temperature 
of 18-23° C. Keep this filtrate in a properly labeled and covered beaker. 

At each successive chlorination repeat the above procedure and correct the 
total volume of Cl used to standard conditions of temperature and pressure, 
i.e. 0° C. and 760 mm., taking into consideration the vapor pressure of water 
vapor at the chlorination temperature over a saturated CaCU solution sat- 
urated with Cl gas. This calculation is made by means of the following 
formula : 

* T 202 m. Tentative Standard — Sept. 11, 1930. Official Standard — Av^. 15, 1932. 
Corrected — May 15, 1935. 
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V - ^>X(p-o) 

” 760(1-1-0.003670 

Where volume of gas observed at t deg. C. 

Vo “ volume under standard conditions. 

a — vapor pressure of water vapor over saturated CaClj solution, sat- 
urated with Cl gas, in rnm. mercury at t deg. C. 
i = the temperature of chlorination in deg. C. 
p = observed barometric pressure in mm. of mercury. 


The following table is of assistance in making these calculations. 


c. 

a 

760 X(l +0.00367 t) 

23.5 

15.9 

826.00 

24.0 

16.6 

826.90 

24.5 

17.3 

82S.36 

25.0 

18.0 

829.76 

26.0 

19.4 

832.57 

26.5 

20.0 

833.80 

27.0 

20.8 

835.40 

28.0 

22.0 

838.12 

29.0 

23.0 

840.96 

30.0 

25.0 

843.66 

31.0 

26.4 

846.48 

32.0 

29.0 

849.30 


The weight of 1 ml. of Cl gas at standard temperature and pressure = 0-003164 gram. 


Titrate the combined initial wash \vaters with standard alkali to determine 
the weight of Cl gas that formed HCI. Then determine by difference the 
weight of Cl actually consumed by the pulp. 

Report. — Tile data shall be reported as the percentage of Cl consumed, 
calculated on the oven-dry weight of the sample. 


ALPHA CELLULOSE IN PULP* 

This method as described is an attempt to formulate a procedure which is 
accurate and sufficiently simple so that it may be used as a routine test. The 
method herein described is adapted from the tentative standard Method IV 
of the American Chemical Society ^ and is the most successful method investi- 
gated by the Divi.sion of Cellulose Chemistry of that Society. It is applicable 
to paper making fibers provided they are not highly lignified. 

Note. — For the determination of alplia cellulose in paper see T 429 m. 

Test Specimen.—The usual precautions for sampling pulp should be rigidly 
followed. The sample shall be in an air>dried condition, in an open, fluffy 
form, prepared by being brushed apart while dry by means of a disintegrator 
of the Gosta Hall or Koerncr type. It shall be stored in an air-tight glass- 
stoppered container or fruit jar for at least 48 hours to attain a uniform mois- 

*T203m-36. Tentative Standard— Feb. 19, 1931. Revised— Feb. 17, 1932. 
Official Standard— Aug. 15, 1932, Corrected— Sept. 15, 1936. 

* (Ind. and Eng. Chem., Anal. Ed. I, 54 (1929)), 
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ture content throughout the material. Samples for moisture content and 
alpha cellulose determinations shall be withdrawn as needed. 

Reagent. — 17.5% NaOH Solution . — The sodium hydroxide solution is 
prepared by dissolving solid NaOH in an equal weight of water, and allowing 
it to stand until the NasCOg and other impurities have settled, leaving a clear 
supernatant liquid. The clear liquid is decanted and diluted with C02-free 
water until its density at 15° C. is 1.197. Such a solution contains 17.5±0.1 
grams of sodium hydroxide per 100 grams of solution. 

Procedure. — Weigh accurately in triplicate about 3 grams in a weighing 
bottle and transfer to a 250-ml. Pyrex beaker. Add 35 ml. of 17.5% carbon- 
ate-free NaOH solution and allow the whole to stand for 5 minutes. Macerate 
the pulp for 10 minutes with a short rod which has the end flattened to a disk 
1 cm. in diameter. During this maceration add 40 ml. of 17.5% NaOH solu- 
tion at 20° C. intermittently in 10-ml. portions. Then cover the beaker with 
a watch glass. After 30 minutes additional mercerizing action in a water bath 
at 20° C. (total mercerization time 45 minutes) add 75 ml. of distilled water 
(at 20° C.) to the alkali-cellulose mixture with thorough stirring. Filter the 
contents of the beaker immediately by means of suction on a 40-ml. Gooch 
crucible having a finely perforated bottom, allowing the cellulose to form its 
own mat. Pour the filtrate through the mat a second and third time, if 
necessary, to catch any fine material. Wash the residue in the Gooch crucible 
with exactly 750 ml. of distilled water (at 20° C.) by means of suction. Dis- 
connect the suction tube, add 40 ml. of 10% acetic acid (at 20° C.) and allow 
to soak for 5 minutes. Then apply suction to remove the acid. Wash the 
alpha cellulose with distilled water until free from acid. Carefully remove it 
from the Gooch crucible to a tared, flat, glass-stoppered weighing bottle. Dry 
the unstoppered bottle and contents to constant weight at 105° C., making the 
first weight at the end of 6 hours and then at 1-hour intervals until constant. 
Let the weighing bottle and its contents cool in a desiccator for 30 minutes 
and cover before weighing. 

Note. — Dr>4ng of the alpha cellulose can be greatly cx{)cditod if the last wa.«;hing is 
followed by 95% ethanol and then by ether or .some otlier highly volatile non-reactive 
liquid. In each case the wa.shing fluid i.s allowed to .wak into the sample for several 
minutes before being removed by suction. In this way the time in the oven at which 
constant weight is reached may l)e reduced to about 2 hours instead of 0 hours or more. 
The results of the two dr>*ing methtKl.s check each other within the limits of cxi>crimenlai 
error. 

Determine the ash content of one of the triplicate alpha-cellulose residues 
in the usual manner, and u.se the other residues (in the case of unbleached pulps) 
for the determination of residual lignin, as below. 

Modification for Unbleached Pulps. — In the case of unbleached chemical 
wood pulps, correct the alpha cellulose figure for lignin remaining in the residue 
after mercerization by the following procedure adapted from the method de- 
veloped by the U. S. Forest Products Laboratory, Madison, Wis. : * 

Treat the residue from the mercerization test with 5 ml. of water in the 
original weighing tube in which it was weighed; stopper, and allow to stand 
over night at room temperature. Then remove the residue to a beaker and 

• (Paper Trade J. 87. 61 (1928)). 
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treat with 45 ml. of H2SO4, sp.gr. 1.695 (76.76% by weight), at 15® C. and let 
the digestion proceed at 25® C. for 10 hours. Transfer the mixture to a 2-Iiter 
Erlenmeyer flask, dilute with 1570 ml. of water, cover with a watch glass and 
boil for 2 hours, maintaining a constant level by the addition of boiling water. 
Filter the residue through a tared Gooch or sintered glass crucible, wash with 
hot distilled water and dry to constant weight at 100-105® C. Correct the 
alpha cellulose figure by subtracting the percentage of lignin residue thus 
obtained. 

Notes. — (a) Time interval for steps in the procedure: An interval of 15 minutes should 
elapse between the time.s of starting the alkali treatment of the individual triplicate 
samples. Such a procedure allow.s time before proceeding to the next sample in a tripli- 
cate determination for the various steps in the procedure, such as impregnation, macera- 
tion, filtration, and partial washing. 

If 5 minutes are allowed between the addition of a part of the alkali and the beginning 
of maceration, it will be found that sulfite pulp swells to five or six times its original 
volume, and the fibers can be much more easily macerated. The remaining 10-minute 
interval, during which the remaining 40 ml. portion of the alkali is added, making a 
total of 75 ml. has been found ample time for the maceration of pulps. With such a 
scheme, for example, one would add the alkali to the samples at 9:00 o’clock, 9:15, 
and 9:30, respectively. Filtering would begin at 9:45 o’clock, 10:00, and 10:15, re- 
spectively. 

(5) Filtering Medium: Jena glass filter crucibles (coarse) may be used in place of the 
Gooch crucibles specified in the directions. 

(r) Ih’sting for acidify: To test the acidity of the wash water on Litmus paper, the 
last few drops removed after the addition of water should be used. 

Report. — Report results on the oven-dry basis to tenths of a per cent. 

Precision. — Duplicate samples should check each other to within 0.2. 


PITCH IN WOOD PULP 7 

Preparation of Sample. — If the pulp is sufficiently ^vet, it shall be separated 
into thin layers and allowed to dry in the air overnight. If the pulp is too 
dry for thi.s, it shall be soakerl in water, then separated into layers and allowed 
to dry overnight. The layers shall then be cut into pieces about 2X4 inches 
and 5 grams W’eighod out for each extraction. Pieces shall be creased alter- 
nately parallel to the shorter direction so that they may be closed up like a 
camera l)cllows. This is very necessary to keep the surfaces apart in the 
extractor and facilitate rapid extraction. (If preferred, the pulp may be 
shredded before extraction and packed into the e.xtractor loosely.) 

Wliere extreme accuracy is desired the moisture shall be determined on a 
separate portion of the air-dried pulp by drying a weighed sample to constant 
weight at 100-105® C., and the pitch percentages subsequently obtained shall 

be corrected to the air-dry basis by dividing the actual results by ^ > where 

A" is the percentage of moisture expressed as a decimal. For ordinary pur- 
poses, however, the strips dried overnight may be considered in the air-dry 

condition. 

^ T 204 m. Tentative Standard-Dec. 31, 1931, Official Standard-March 1, 1933. 
Corrected— May 15, 1935, 
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Ether Extract. — Accurately weigh 5 grams of the pulp prepared as pre- 
viously described, place it in a Soxhlet or a continuous extractor, connected 
to an unweighed Erlenmeyer or Soxhlet flask, and extract with sulfuric ether 
for at least 16 hours with the ether boiling rapidly. 

Filter the ether solution through a wad of absorbent cotton in the bottom 
of a glass funnel, washing the funnel and the cotton finally with a little ether, 
and collect the 'filtrate in a w^eighed Soxhlet flask. Then evaporate the solu- 
tion in the flask, dry the residue on the steam bath until the ether is removed 
and finally dry in the oven at not over 105“ C. to constant weight. Calculate 
the weight of residue to percentage of the air-dry pulp and report as ether- 
soluble pitch. 

Alcohol Extract. — After completion of the ether extraction place another 
unweighed flask under the extractor and extract the pulp sample with neutral 
ethyl alcohol (specially denatured alcohol-No. 30 may be used) for at least 
16 hours in a Soxhlet or a continuous extractor. Filter the alcohol solution 
through cotton into a weighed flask as previously described, evaporate the 
alcohol, dry the residue on the steam bath and then to constant weight at 
not over 105“ C. in the oven. Calculate the weight of extract to percentage 
of the air-rlry pulp and report as alcohol-soluble pitch (insoluble in ether). 

XoTE.~In the case of sulfite pulp time may be saved by extracting a separate portion 
of the prepared sample directly with alcohol to obtain the total pitch. In this case the 
difference between the percentage of total pitch and of ether-soluble pitch is the alcohol- 
soluble pitch insoluble in ether. 

Total Pitch. — The total pitch shall be reported as the sum of the percent- 
ages of the ether-soluble pitch and the alcohol-soluble pitch insoluble in ether. 

Note. — E. Richter * and E. Opfermann * were among the first to call attention to 
the fact that the pitch in sulfite pulp is completely .soluble in alcohol and a f>oriion <jf it is 
soluble in ether. Opfermann p(jinted out that by extracting .sulfite pulp first with ether 
and subsequently with alcohol the sum of the two extracts is the same as the total extract 
obtained by alcohol alone and he further expressed the opinion that it is the ether-soluble 
portion of the pitch that causes the most trouble in paper making. In such ca.se.s a.s thi; 
writer ^ has b^n able to follow through, it has been found that unbleached sulfite pulp 
causing pitch troubl&s in making tisaue paper .showed an ether extract greater than 1%. 
As there seem-s to be still some question a.s to whether it is the total pitch in the pulp or 
the ether-soluble pitch which gives trouble, it seems generally advisable to determine 
both forms of pitch. 


CUPRAMMONIUM DISPERSE VISCOSITY OF PULP” 

The following detailed directions for the determination of cuprammonium 
viscosity of pulps is an attempt to formulate a simple procedure which is 
sufficiently accurate and reproducible that it may serve as a routine test. 

»C. A. fi, 2803 0914), 

»Z. Angew. Chem. 22, 436 (1909). 

** TliLs note was written in 1931 by R. C, Griffin who was at that time chairman of 
the Kon-Pibroas Materials Testing Committee. 

” T 206 m. Tentative Standard— Feb. 14, 1932. Official Standard— April 15. 1933. 
Tentative Revision — April 15, 1935. Tliis revision has been approved by the Pulp 
Testing Committee. Send comments to R. G. Macdonald, 122 E. 42nd Street, Kc^v 
York, N. Y. 
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The method herein described is a modification of the Shirley Institute method 
(1). This procedure has been found applicable to bleached and 
unbleached chemical pulps and to rag stocks. 

Apparatus. — Viscosity Tube . — The viscosity tube shown in Fig. 

267 is used both for dissolving the pulp and for determining the 
viscosity of the solution. The tube, of heavy Pyrex glass, has an 
internal diameter of 1.0 cm. and a total length of 27 cm. The capil- 
lary is 2.5 cm. long and 0.09 cm. inside diameter. The wide portion 
is etched with three rings, A, B, and C, at heights 24.2, 12.2, and 6.2 
cm. above the flat end of the capillary, (The mark at B is optional, 
to be used with hard unbleached pulps. In this case the constant 
for the tube between the marks A and B should also be determined.) 

The applicability of the procedure to pulps of widely varying 
viscosities is greatly improved by using tubes of different efflux rates 
for different pulps. The following efflux rates determined with dis- 
tilled water at 20® C. are specified : 



Seconds FiG. 267. 


Bleached pulp 15-25 Viscosity 

Unbleached pulp and high viscosity rag stock 10-15 lube. 


These specifications are in addition to those for the dimensions and do not 
alter the dimensions. 



Fig. 268.— Jacket. 
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The top of the tube is closed with a rubber stopper, carrying another 
capillary which has a ground-glass stopcock. The bottom capillary is closed 
with a rubber tube and clamp. Each tube has a wedge-shaped cylinder, 
Fig. 269, the bottom of which is notched. 
The cylinder, made from 1^-inch steel or 
Monel rod, is 2.5 cm. long. 

The glass jacket, Fig. 268, supports the 
viscosity tube in the thermostat. The jacket 
is so constructed that it supports the tube on 
three glass points at the bottom and is a slid- 
ing fit at the top. 

Catibraiion of Viscosity Tube . — The volume of the tube is obtained as 
follows: Fill the tube, containing the wedge, with water, put the rubber stop- 
per tightly in place and force the excess water out through the capillary. 
Open the stopcock and drain the contents into a burette, noting the time in 
seconds for the meniscus to fall from line A to line C. Read the volume of 
the water delivered to the burette and take the average of several determina- 
tions as the volume of the tube. 

The tube constants C and k are determined from the formula: 




*0.6c/7t.->| ! 

* 1.2 cm: 

2.5 cm, >j 


Fig. 269. — The Wedge. 


(1) 



where F = viscosity in centipoises; 

d = specific gravity of the solution; 
i = time in seconds for meniscus to fall from line A to C; 

C = tube constant; 
and /: = gra\ity constant. 

The constant C is first determined with standard glycerine solution of 
approximately 1.21 sp.gr. (85% glycerine solution) at 20.0“ C. (The sp.gr. 
of the glycerine solution must be accurately determined with a pycnometer.) 
The viscosity of the glycerine solution may be obtained from a curve drawn 
from Table I. In this case constant k may be disregarded, since the time of 
efflux is long. The formula then becomes 


( 2 ) 



from which the tube constant is calculated. The gravity constant k is deter- 
mined by repeating the operation with water at 20.0“ C. and substituting for 
C in formula (1) the value found above, as well as d = l and K==l. The for- 
mula then becomes 


(3) k=^0-cL 

Reagent. — Cuprammonium Solution . — Freshly prepare the cuprammoniiim 
solution at least every 2 months as follows: Place clean copper turnings in ^ 
glass tube 24 inches long and 4 inches in diameter, surrounded with ice. ( 

The rubber stopper mast be replaced periodically by a fresh one, determining Ojc 
new volume each time. 
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turnings must be previously cleaned by washing in dilute HCI.) Pour in 
cone. NH4OH (20-28% Nils) containing 2 grams of cane sugar per liter until 
the tube is nearly full. Bubble air, which is passed through a wash-bottle 
containing cone. NH4OH, through the solution for several hours, until the 
desired Cu concentration is reached. Analyze the solution for Cu and NHs, 
and make the proper adjustments. The Cu concentration shall be 14.8-15,2 
grams per liter, the NH 3 concentration 190-210 grams per liter. 

The course of the reaction can be followed by estimating the Cu content 
colorimetrically by comparing with a standard, both diluted 50-fold. 

Determine the Cu and NH 3 in the cuprammonium solution as follows: 

(a) Copper: Pipette 10 ml. of the cuprammonium solution into a 250-ml. 
Erlenmeyer flask, and dilute with 25 ml. of water. Boil the solution until no 
more NH3 is given off. Add 5 ml. of HNO3 (1:1) and boil till red fumes are 
expelled. Then add 2 ml. of bromine water and boil until the Br is all ex- 
pelled. Remove from the heat, dilute to 75 ml. and carefully add NH4OH 
until the solution becomes just alkaline (blue) but not more. Add a slight 
excess (4 or 5 ml.) of glacial acetic acid, cool to tap water temperature, and 
add 10 ml. of 30% KI solution. Titrate with 0.1 N thiosulfate solution until 
the yellow color of free iodine is nearly gone, then add starch indicator and 
continue the titration cautiously until, on the addition of another drop, the 
blue color due to free I disappears. 

Cakxtlation: Copper content of cuprammonium solution in grams per liter = ml. 
0.1 N thiosulfate X 0.636. 

( 6 ) Ammonia: Pipette 2 ml. of the cuprammonium solution into 50 ml. of 
normal II 2 SO 4 solution, keeping the tip of the pipette beneath the surface of 
the liquid. Titrate the excess acid with normal NaOH, using methyl red 
indicator. 

CalcuMion: XH, content of cuprammonium solution in grams per liter = (d 0— ml. 
Xa0H)XS.5~0.536 C. 


Where C == copper concentration in grams per liter. 

Care should be taken that no liquid adheres to the outside of the Pipette 
before it is inserted into the acid solution. The correction factor (0.536 C) is 
made for the alkalinity of the copper hydroxide. 

Test Specimen.— A representative pulp sample in the air-dry condition, 
shall be slireddcd by means of a mechanical shredder or a coarse hie. 
Wet pulp may be made into several handsheets, dried m the oven at 100 C. 
for 3 minutes, and then shredded. , , 

The air-dry pulp shall bo placed iu a stoppered bottle 
content determined on .a portion of it. The weight of air- ry p p T 
to I gram of oven-dry pulp for each 100 ml. of tube volume shall be “Iculated 
for each tube and the proper .amount of sample weighed out for the tube 
employed. , , . • « kt/ 

Procedure.-Takc the calculated weight of 
.solution and loosely roll it into tlic form of a cigarette m a f JP 
paper such as glassine; then moisten tins roll with 5 or 6 
s^lide it from the paper into the viscosity tube. tubine at the 

solution into the bottom of the tube by means of the rubber g 
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bottom, until it is two-thirds full. Quickly break up the pulp roll with the 
aid of a thin glass stirring rod. Add the remainder of the solution at the top, 
scrape the rod clean and insert the stopper. Force the excess solution through 
the capillary and close the stopcock. Wrap the viscosity tube in black cloth, 
and place it on a wheel rotating 3 or 4 r.p.m., so that the metal wedge falls 
freely through the solution as the tube rotates. The pulp should be well 
broken up so that the metal wedge will fall through the full length of the tube, 
before the tube is put on the rotating wheel. Allow 15 hours rotation (over 
night) for the complete dispersion of the pulp. 

Place the tube in the thermostat at 20° C. till equilibrium is established. 
Remove the rubber tubing from the capillary and place the tube in position 
in the jacket, which remains in the thermostat. Remove the rubber stopper, 
allowing the pulp solution to flow through the capillary. Note the time in 
seconds (/) for the meniscus to pass between the marks A and C, and calculate 
the viscosity of the solution from the formula : 



in which d, the sp.gr. of the pulp solution, is 0.96 ; C and k are constants found. 
Simplifying, the equation becomes : 

V r ^ 0.96 

V = C\ ( ^ ~ » where Ci = • 


Inspection will show when the expression k/t may be disregarded, as is 
usually the case with unbleached pulps of high viscosity. 

The tubes may be cleaned by immersion in nitric acid (1 : 1). 

Report. — Results shall be reported in terms of centipoises and represent 
the average of at least two tests. 

Precision. — Duplicate samples should check w'ithin 2.0% on bleached, and 
3.0% on unbleached pulps. 


Table I. — Viscosity or Glycerixe- Water Solution's 


(International Critical Tables, Vol. 5, p. 23) 


Specific Gravity at 
20.0“ C. 


ViMosity in Centipoiaea at 
20.0“ C, 


1.0000 

1.1014 

1.1699, 

L1848, 

1.2057, 

1.2155, 

1.2240, 

1.2163, 

1.2563, 


1.009 

3.734 

23.540 

49.670 

74.780 

110.800 

409.300 

871.700 


Literature Cited 

1. Clibbens and Geake, *‘The Measurement of the Fluidity of Cotton in Cuprammonium 

Solution,” J. Textile last., 19, 77-92 T (1928). 

2. Conunittee Report of Am. Chem, Soc., lud. Eug. Chem., Anal. Ed. 1, 49-51 (19-9)- 
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MOISTURE IN PULP BY TOLUENE METHOD 

This method is a rapid and accurate procedure for the determination of 
moisture^ in comparatively small laboratory samples, but is not intended to 
be used in place of T 210m in ac- 
ceptance tests of pulp shipments. 

Since the method does not include 
as water any other volatile impuri- 
ties such as turpentine, unless they 
are soluble in water, it is especially 
valuable for ground wood pulp. 

Apparatus. — The apparatus re- 
quired is as follows: ( 1 ) a balance 
with a capacity of about 1 kilogram 
and a sensitivity of at least 0.1 
gram; (2) a Liebig condenser with 
a jacket length of at least 24 inches ; 

(3) a straight drying tube charged 
with anhydrous CaCL; (4) a mois- 
ture trap; (5) an accurately gradu- 
ated and calibrated cylinder of 
100-ml. or 50-ml. capacity; ( 6 ) a 
2-liter Pyrex short-necked balloon 
flask; (7) a source of heat, prefer- 
ably an electric heater, although a 
Bunsen burner is adequate; ( 8 ) cork 
stoppers and rubber tubing for con- 
nections : (9) iron supporting stand 
and clamps. 

The moisture trap follows the 
Rcnoral ])lan of that used in the 
Dean-Stark water determination 
ajiparatus but with certain modi- 
fications. It is considerably larger 
than the 10 -mI. size ordinarily used 
and should hold about 100 ml. 

Tile exact size is not important. 

The lower portion only is gradu- 
ated and is of smaller diameter than 
the upper part, since the boundary 
meniscus between toluene and 
i\ater in a glass tube is much more 270 . — Apparatus for the Determination 

rounded and harder to reproduce of Moisture in Pulp, 

jn the same shape each time than 

is the air-water meniscus. A glass stopcock is sealed on at the bottom to 
pcTinit drawing off tlie water for measurement. The other apparatus is of 
the ordinary typie and needs no particular description. The drying tube at 
, ''T20Sm. Tentative Standard-Feh. 16, 1932. Tentative Revision— April 6, 
1933 . Official Standard — March 15, 1934. 

** Obtainable at any chemical apparatus supply house. 
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the top of the condenser is necessary to prevent condensation of moisture from 
the atmosphere if the humidity is high. This assembly is shown in Fig. 270. 

Reagent. — Toluene . — The toluene should be reasonably pure, preferably 
colorless, clear and free from visible water droplets. It is unnecessary to dry 
it, especially if the above conditions are met. It may be used over again if 
redistilled and dried to the above specifications. It is unnecessary for the 
sample in the flask to be covered by the toluene. The amount of toluene for 
each determination (500 ml.) need only be measured approximately. 

Test Specimen.—Pulp samples should be collected in accordance with the 
present standard methods for pulp sampling and should at once be placed in 
airtight containers (cans or jars) neither heated nor cooled, and analyzed as 
soon as possible. 

The samples should not exceed about H pound in weight for each deter- 
mination. If, as in the strip or wedge method of pulp sampling, they must 
greatly exceed this, then separate determinations should be made. 

Note. — W here samples are very large and must be so in order to get accurate 
sampling, the method is applicable by breaking up the large samples into several smaller 
ones or by using a 5-hteT flask containing 1000 ml. of toluene. If this requires more 
laboratory attention than is available, the drying method must be resorted to. 

Procedure. — Weigh the closed jar or can containing the sample to the 
nearest 0.1 gram, cover and all. Then open and transfer about 100 to 300 
grams of the pulp to the flask (which already contains 500 ml. of toluene) as 
rapidly as possible. Replace the cover on the container and again weigh. 
Connect the apparatus, turn on the cooling water and boil the toluene until 
no more water collects. Either during the boiling or at the end, if the trap 
does not become completely filled with water, draw off the water through the 
stopcock into an accurately graduated cylinder, cool to below 30*^ C. and 
measure its volume. 

When draining the water from the apparatus into the measuring cylinder, 
allow time for the water to drain from the walls and drain the last portions of 
■water into the cylinder by touching its lip to the draining tube until all water 
is removed. 

Since a 100-ml. cylinder is graduated only to about 1 ml., a more accurate 
measurement can he made, for smaller amounts of \vater, by using a 25-ml. 
or 50-ml. graduated cylinder or a burette. If the amount of water is small, 
due either to a small sample or a very dry sample, it need not be drained off 
but can be measured on the graduations at the bottom of the trap. The 
cylinders should be accurately calibrated for use, both for water alone and for 
water with a toluene layer above it. It sometimes happens that a few drops 
of toluene remain in the tube at the bottom of the trap and when the water is 
drawn off this toluene is also removed. Since the water meniscus is of a 
different shape with air than with toluene, the graduate should be calibrated 
for both conditions. Trap and graduates may be calibrated as follows: 

Set the dry, clean trap or graduate in a vertical position, run in water from 
an accurate burette up to the first test interval graduation (5 or 10 ml. for the 
graduates, 1 ml. for the trap) and read the burette. This is then repeated for 
each interval used. The operation should also be repeated with 5 ml. of 
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toluene in the trap or graduate. The calibration is conveniently represented 
by graphs showing reading along one axis and actual volume along the other. 

To minimize the difficulties due to the meniscus assuming different shapes, 
the tubes should be cleaned frequently with hot chromic-sulfuric acid cleaning 
solution. A few drops of water usually collect in the lower part of the con- 
denser tube just above the height reached by the toluene vapors. Where the 
amount of sample is 100 grams or more or the amount of water 10 ml or more, 
the amount of these drops is too small to be considered; but to minimize it, 
the condenser should be cleaned frequently witli hot cleaning solution. 

Report, — The results shall be reported in percentage of water by weight, 
assuming each ml of water to weigh 1 gram. 

Precision. — The method is accurate to within 0.2 ml. of water. What 
this represents in percentage accuracy depends on the size of sample and 
amount of water. For amounts of water under 10 ml and with accurate cali- 
bration of the trap with water under toluene, this may be increased to an 
accuracy of 0.1 ml 

Additional Infonnatioa 

1. TJ. S. Forest Products Laboratory Bulletin: "Chemical Analysis of Pulp and Pulp 

Woods," Method No. 13 (1928). 

2. Schwalbe, Zeit. fur Angew. Chem., 21, 408 (1908). 


METHOXYL GROUPS IN PULPi^ 

Apparatus. — The apparatus shown in Fig. 271 is used for the determination 
of the methoxyl groups. It consists of a 50-ml. flask {B) connected by a 
ground-glass connection to a condenser the top of wffiich forms a trap {D) 
which contains a water suspension of red phosphorous sufficient to well cover 
the end of the trap. At the upper end of the trap a glass tube is sealed on, 
leading to a series of two bubble flasks (E), All connections are ground glass. 

A preheater (X) is connected to the condenser jacket, as shown, to bring 
the condenser to the proper teini>crature. 

A source of dry, pure CO 2 is connected to flask B. 

Solutions.—Sffi^er Nitrate,— "The AgNOa solution is prepared by dissolving 
17 grams of the C.P. salt in 50 ml of water and making it up to a liter with 
previously purified 05% ethyl alcohol. The aldehydes are removed from the 
alcohol as follows: Dissolve 1.5 grams of AgNOs in 3 ml of water, add to 1 
liter of 95% ethyl alcohol and shake well. Dissolve 3 grams of NaOH in 
about 15 ml of 95% ethyl alcohol. Warm the alcohol solution gently, cool 
and add to the main solution. Shake the mixture well, allow to settle for 
several days, siphon off the dear solution and distill, adding a piece of pumice 
to keep the liquid from bumping. 

Hydriodic Acid. — If the acid as purchased is not water-white and of suf- 
ficient sp.gr. (1.7), it must be redistilled. The acid is placed in a distillation 
flask and a few grams of red phosphorous added. The sides of the flask are 
protected from over-heating by setting the flask on a piece of asbestos wUich 

^ T 209 m. Tentative Standard — Feb. 16, 1932. Official Standard April 1.^ 1933. 
Corrected— March 15, 1934. Official U. S. Forest Products Laboratory, Method A 0 . 43, 
rearranged. 
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has a hole cut in the center sufficiently large to permit heating of only the 
liquid in the flask. The distillate coming over between 124-130® C. is col- 
lected and stored in a glass-stoppered brown bottle. 

Test Specimen. — The specimen shall consist of about 0.5 gram of oven-dry 
pulp, accurately weighed. 

I^ocedure. — The methoxyl groups are determined according to the well- 
known method of Zcisel. The substance to be examined is heated together 
with hydriodic acid, whereby methyl iodide is formed. The CH 3 I is swept 
from the reaction flask by a current of CO 2 into vessels containing an alcoholic 
O.lN AgNOa solution, the CH3I being decomposed with the formation of Agl. 



Fig. 271 — .Apparatus for Determination of Methoxyl Groups, 


Weigh approximately 0.5 gram of oven-dry pulp into the digestion flask 
(B), add 15 ml. of redistilled HI (sp.gr. 1.70), and heat the reaction fla.sk in a 
glycerine bath at 130® C. 

The temperature of the water in the condenser, used in this apparatus, 
Is maintained at 45-55® C, by means of the preheater (X) through which water 
is kept flowing constantly by being connected to a water tap. 

Absorb the CHJ in 35 ml. of AgNOa solution placed in the absorption 
apparatus (E). Pass a current of dry CO 2 gas through the apparatus at a 
rate of 60 bubbles per minute. Continue heating until the AgNOa solution, 
at first milky, has become perfectly clear. This requires 15 minutes to 2 hour^- 
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Wash the contents of the absorption bulb into a beaker, make up to 200 ml., 
add 10 mb of cone. HNO 3 and boil the mixture gently for at least 15 minutes. 
After cooling this mixture filter on a tared Gooch filter. Wash the precipitate, 
dry for l}4 hours at 105° C., cool in a desiccator and weigh as Agl. Calculate 
to methoxyl, CH 3 O. 

Calculation: Per cent methoxyl = 13.2 X . 

Weight sample 

Report,— -The data shall be reported as a percentage of the oven-dry weight 
of the sample used. 

Additional Information 

Zeisel; Monatsh, 6 , 9S9 (1885); 7, 406 (1886). 

Manning, R. J. and Nierenstein, M., Ber. 46, 3983 (1913). 

Fritz Weishut, Monatsh, 33, 1165-12 (1912). 

Klemene, A., Monatsh, 34, 901-12 (1913). 

Benedict and Bamberger, Monatsh, 15, 509 (1894). 

Bray, M. W., Paper Trade J. 87, No, 25; 59-68 (1928). 


WEIGHING, SAMPLING AND TESTING WOOD PULP FOR 
■ MOISTURE IS 

The determination of moisture in wood pulp varies with the form in which 
it is manufactured and the methods selected for moisture testing are specified 
for each given form or kind of pulp. These include: ( 1 ) baled pulp: dried 
sheets, shredded pulp, hydraulic pressed laps; (2) roll pulp; (3) loose lap pulp: 
wet laps, hydraulic pressed laps ; (4) double-press wet-machine pulp in sheets. 

Note. — Other conditions also affect the testing of pulp, such as the place, time and 
quantity of pulp. The place of testing may be at mill during manufacture: at dock dur- 
ing transfer from car to ship for export or vice versa; incoming car lots or shiploads at 
receiving point. The pulp may be freshly made or stored in warehouses or open piles. 

Apparatus. — Sampling TooL — For testing baled dry pulp, a boring tool 
which cuts a disk about 4 inches in diameter is used. For baled shredded 
pulp, a special tool (Crossley Sampling Tool made by Thompson Mfg. Co., 
Lancaster, N. II.) similar to a cork borer is used to cut a sample 134 inches in 
diameter and to a depth of 4 inches. 

Template . — For the wedge method a template is desirable with an apex 
angle of appro.KimateIy 4 to 9 deg. This is preferably made of brass and having 
a length of about 18 inches. 

Laboratory Scales.—Scs^les used for weighing pulp samples shall show a 
sensibility of 0. 1% of maximum load. For example, if 1 kilogram (2,2 pounds) 
of pulp sample is taken, the scales must show a decided deflection by the 
addition of 1 gram to the load. 

Drying Oven.— Any suitable laboratory drying oven may be used for 
drying samples to constant weight. For the regulation of temperature, a 
tliermometer shall be inserted, preferably in such a manner that the bulb when 
suspended in air extends as close to the center of the oven as possible. In case 

‘•T2l0m-36. Official Standard— Feb., 1926. Revised— Feb. 15, 1933. Revised 
“-April 16, 1W5. Revised — Sept. 15, 1936. 
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a thermostatically controlled oven is used, it shall be set so as to yield a con- 
stant temperature of 215® F,zb5® (102® C,zLZ°) and the mercury thermometer 
inserted as before. The thermometers used in these tests should be tested for 
correctness. 

Test Specimen. — No one method of sampling is adequate to the many 
different forms of pulp. A brief mention of sampling methods and their appli- 
cation will be made but their fuller description will be included under the 
procedure to which they apply. 

A. Strip Method, — The strip method, while well adapted to mill sampling 
of unpressed wet laps or roll pulp, is not suitable for frozen lap pulp at receiving 
point. 

B. Boring Method. — The boring method, while well adapted to the 
sampling of baled pulp and rolled pulp, is not suited to the sampling of wet 
lap pulp, under 36% oven-dry content (40% air-dry), 

C. Wedge Method. — The wedge method, or any other method which 
involves the breaking open of bales, is not suitable for referee sampling of 
pulp at dock, since transportation companies decline to handle broken bales, 
and rebaling with an ordinary handpress is not practicable. 

D. Number of Samples. — Sufficient and representative samples from 
individual units must be taken to insure a fa^r average of the lot. This is 
especially necessary where grab samples from opened bales are taken. 

procedure. — Determination of Wet Weight of all pulp is invoiced 

on the basis of air-dry tons, rules for the determination of the wet weight of 
the pulp are just as important as rules for sampling and testing, and the wet 
W'eight shall always be determined by one of the following methods: 

A. Railroad Weight: Railroad weight of entire car lot where tare of empty 
car is actually determined by weighing it. (This does not mean the routine 
bill of lading railroad w'eight, but an actual w^eighing upon railroad scales 
supervised by a party or parties at interest.) 

Note. — Each car shall be uncoupled from the train and weighed separately. 

B. Certified Weight: Weight of entire car lot as certified by official recog- 
nized weighing bureau issuing weigh-master's certificate of w'eight. 

C. Weighing by Truck and Tested Scales: Wet weight of lot by sum of 
weights of truck loads passing over accurately tested scales during loading or 
unloading. 

D. By Calculation from Average Weight of Parcels: Wet weight of lot may 
also be determined by multiplying the actual number of bales or rolls in the 
shipment, as determined by accurate count, by the average weight of the bales 
or rolls weighed and sampled. When this method is used for determining the 
total weight, all the bales weighed, and none others, are to be sampled. In 
domestic roll or wet bale pulp the variation in weight between individual rolls 
or bales is often so great that it may be necessary to weigh the entire shipment. 
In the case of roll pulp or shredded pulp at least 25% of the rolls, and prefer- 
ably the entire shipment, shall be weighed. 

The accurate weight of all bales sampled shall be ascertained by a comi>c- 
tent weigher before sampling; all bales weighed anrl no others shall be sampled 
(except in case of roll pulp and shredded pulp) ; whenever bales are numbered 
the number shall be given in addition to the weight. 
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Note. — Only normal bales shall be selected. A normal bale shall be intact and 
unbroken. Reject a.s abnormal those bales obviously damaged or whose weight differs 
from the average gross weight, as determined at the time of testing, bv more than 10% 
plus or minus. 

Scales: Scales will be accepted as accurate: (1) When verified by standard 
test- weigh ts ; or (2) when verified by weighing a known or measured volume 
of water. Scales for weighing bales shall be provided with 1 pound divisions. 
Those equipped with counterbalances shall not be permissible. They shall 
have such accuracy that they will show a variation of not more than 1 pound 
when a standard 400-pound weight is placed upon them after having been 
balanced. 

Testing at Pulp Mill. — The strip method shall be used for sampling pulp 
coming from the wet macliine or from driers in continuous web. Cut a 2 or 
3-inch strip across the entire width of web coming from the machine. All 
strips cut shall be the same width and uniform across the machine. One 
sample as above described shall be taken from the wet machine for every 2000 
pounds \vet weight production. For web-dried pulp, one sample across the 
machine shall he taken for every fifth bale or roll of production, 

Tlie samples taken shall be immediately deposited in a metal can with 
tightly fitting cover and the net weight obtained as soon as practicable after 
taking samples. In case of unavoidable delay between time of taking samples 
and weigliing, special precaution shall be taken to seal the edges of cover 
air-tight with friction tape or otherwise. 

Weighing of Saynpks: Accurate laboratory scales and weights shall be used 
for weighing both wet and dry samples. Both wet weight and dry weight 
shall be obtained upon the same scales with the same w^cights. The hot 
samples shall be weighed immediately after being withdrawn from the oven 
in closed containers, taking care to avoid convection currents while weighing. 

The entire bulk of the samples selected shall be dried out for the test. 
After weighing the wet samples, these shall be placed in a suitable oven and 
dried to constant weight at a temperature of not less than 210° F. (99° C.) 
ami not more than 220° F, (105° C.). A minimum allowable temperature of 
at least 21(3° F. (102° C.) shall be maintained for determination of final dryness. 
Two successive weighings at least three hours apart shall not show a variation 
greater than 0.1% of the wet weight of samples and the total of the minimum 
weights shall be taken as the final oven-dry \veight. To calculate the per- 
centage of oven-dry pulp, divide the weight of oven-dry pulp by the wet weight 
and multiply by 100. To calculate the air-dry percentage, divide the per- 
centage of oven-dry pulp by 0.9. Multiply the wet weight by this air-dry 
percentage and divide by 100 to obtain the weight of air-dry pulp. ^ 

Testing on Dock or Receiving Point—The moisture determination is the 
same as in 2, but the sampling is different. 

A. Boring Method: This is suitable for sampling (1) baled pulp in sheets, 
(2) roll pulp, (3) baled shredded pulp having 50% moisture or less and (4) hy- 
draulic pressed laps having 04% moisture or less. 

(1) Baled Pulp iti Sheds: fu v. u 

a. Number of Bales to be Sampled: On lots of 3000 bales or less, 10% shall 
be taken, except by agreement, but never less than 15 bales. Samples shall 
be drawn from only sound and intact bales from different sections of the entire 
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shipment and the chemists shall be careful to observe that no unusual condi- 
tions prevail in the selection of bales. 

b. Details : The samples shall be taken by boring into each bale to a depth 
of 3 inches, with a special tool which cuts a disk about 4 inches in diameW. 
Care shall be taken to see that the knife or boring tool blade does not bend 
when taking samples. The disks shall be removed and ten of them taken as 
a sample, selected as follows : 

One disk from second sheet from the wrapper. 

Two disks 1 inch deep. 

Three disks 2 inches deep. 

Four disks 3 inches deep. 

The holes to be bored shall be so located that in five successive bales they 
will represent a portion extending diagonally across the bale. Each bale shall 
be bored but once, the first bale at the corner, the edges of the cut being at a 
distance of 1 inch from the edge of the bale. The second cut shall then be 
made half-way betw'een the corner and the center of the bale; the third bale 
shall be cut at the center; the fourth bale halfway between the center and the 
corner; and the fifth bale in the opposite corner in a position corresponding 
to the first. In case binding wdres or straps interfere with the exact location 
of cuts, borings shall be made as near the prescribed location as possible. 

(2) Roll Pulp: 

а. Number of Rolls to be Sampled: At least 10% of the lot, but not less 
than 30 rolls. Where possible to determine, the same proportion of outside 
rolls to center rolls should be maintained as coming from the machine, 

б, Details: The edge of the first hole shall be 2 inches from one end; holes 
in succeeding rolls shall be spaced successively one-fifth of the distance across 
the roll as in bale sampling, traveling toward the opposite end of the roll. 
Selection of disks shall be in accordance with bale boring as given above. 

Note. — As rolls usually vary considerably in weight, it is preferable to weigh the 
entire shipment or at least 2o% of it. 


ASH IN PULP^^ 

Apparatus. — A crucible, such as platinum, alundum, or porcelain, which 
has a tightly fitting lid is required. It should have a capacity of 30 ml. or more. 

An analytical balance sensitive to 0.1 mg. 

Any suitable desiccator, such as the customary analytical desiccator which 
employs sulfuric acid or calcium chloride as the drying agent, may be used. 

An electric muffle furnace U recommended for igniting the pulp sample. 
A Meker or other gas burner may be employed for this purpose. 

A suitable drying oven with temperature control between 100° C. and 105° C. 
should also be available. 

Test Specimen. — Approximately 6 grama of pulp shall be used for each 
determination. 

IT T 211 m-36. Tentative Standard — Feb. 15, 1933. Official Standard — March 15, 
1934. Corrected— Sept, 15, 1^. 
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The specimen shall be representative of the lot being tested. If a carload 
of baled pulp is being tested, at least 10% of the bales shall be represented by 
small pieces composing the portion to be ashed. Reasonable modifications wiU 
necessarily be made in sampling lots of different sizes and different packing 
methods. 

Procedure. — Ignite the empty crucible and cover over a burner, cool in a 
desiccator and weigh to the fourth decimal place in grams. Place the test 
specimen in the crucible and, after again weighing, put the whole in the drying 
oven, and dry the pulp to constant weight. The crucible and contents should 
be cooled in a desiccator and the crucible covered during weighing to prevent 
absorption of moisture from the air. 

Place the crucible and contents in the mufSe furnace (or over the burner) 
and ignite until all the carbon is eliminated. Heating should take place slowly 
at the start, and the crucible should be protected against strong drafts at all 
times to avoid mechanical loss. Cool the crucible in the desiccator and weigh 
accurately. Repeat the heating, cooling and weighing until constant weight is 
reached. 

Calculate the percentage of ash on the oven-dry weight of the pulp and 
multiply this result by 0.9 to obtain the percentage on the air-dry basis. 

Report. — The amount of ash shall be reported as percentage of the air-dry 
pulp to the nearest 0.01. 

Precision. — Duplicate determinations should check within 0.03. 


ONE PER CENT CAUSTIC SODA SOLUBILITY OE PULP^« 
Note.— For the determination of 1% caustic soda solubility of wood see T 4 m-36. 

This method determines the resistance of a pulp sample to solution by hot 
dilute alkali. In general, the less the chemical degradation of pulp, the lower 
is its alkali solubility. The bulk of the material dissolved consists of pentosans 
and other carbohydrates which are less resistant to chemical action than cellu- 
lose, and of cellulose which has been partially broken down during the process 
of preparation. These are the materials which in part make up the fractions 
known as beta and gamma cellulose when pulp is treated in the standard 
manner with 17.5% NaOH solution. A cooking or bleaching treatment which 
is too drastic causes a chemical degradation which gives an inferior pulp, 
deficient in such physical properties as strength and opacity. ^ This degradation 
is clearly shown by an increase in the percentage of alkah-soluble material. 
Tlie test is particularly sensitive to degradation resulting from the bleaching 
operation and the percentage soluble will show an increase before any serious 
loss of physical properties is apparent. When the pulp has been overbleached 
enough to show a marked effect on its physical properties, the amount ot 
soluble material will show a marked increase, often amounting to 50% of the 
original solubility. Thus this test is a valuable control test to detect when the 
cooking or bleaching processes are too drastic. ^ ^ 

Apparatus.— The water bath employed in this determination must be so 
designed as to insure the temperature of the material during treatment is 

T 212 m-36. Tentative Standard— Feb. 15, Standard— March lo, 

1934. Corrected— May 15, 1935. Corrected— March 27, 1936. 
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uniformly maintained at 97° to 100° C. When a new bath is used, the tem- 
perature of the material during the treatment should be rechecked. The 
type of bath recommended is one which is covered and has holes in the top 
large enough so that beakers may be set down into the bath until they are sup- 
ported by the flared rim. The top of the beaker should be nearly level with 
the cover of the bath. The sides of the beaker are entirely surrounded by 
boiling water or steam when this type of bath is used. The height of the water 
in the bath should be maintained at a level above that of the liquid in the 
beakers. 

Tall form 200-ml. Pyrex beakers should be used. Fritted glass crucibles 
(porosity 3) are recommended for filtering the treated pulp, although alundum 
crucibles of a similar porosity are also suitable. 

Caustic Soda Solution. — The 1% NaOH solution (0.25 normal) is made by 
dissolving 10 grams of solid XaOH in water and diluting to 1 liter. Determine 
the NaOH content by titrating with standard acid, first using phenolphthalein 
as an indicator, then continuing the titration using methyl orange indicator. 
The difference between the volume used for the phenolphthalein end-point 
and that used for the methyl orange end-point represents that consumed by 
half the Xa 2 C 03 present. By subtracting this difference from the volume 
used for the phenolphthalein end-point, the volume required to neutralize 
the NaOH is obtained, and from this volume the NaOH concentration is 
calculated. This shall then be adjusted to between 0.9 and 1.1%. 

Test Sample. — A sample which is representative of the pulp being tested 
shall be air-dried and placed in an air-tight container. The moisture content 
shall be determined by the standard procedure. If the pulp is in the form of 
machine-dried or pressed sheets which do not absorb liquid readily, it should 
first be disintegrated to slusli form in water, then filtered into pads which are 
dried without any pressing. In this way the pulp is obtained in a form which 
readily disintegrates in the alkali solution. 

Procedure. — Accurately weigh on an analytical balance two samples of the 
air-dried pulp each equal to 2 grams of oven-dry pulp plus or minus 0.1 gram. 
To each sample in a tail-form 200-ml. beaker, add 100 ml. of 1% NaOH solution 
measured with a pipette. Stir the pulp until it is completely disintegrated, 
cover the beakers with watch glasses and place in the water bath, which must 
be boiling steadily. Leave the beakers in the bath for exactly 1 hour. Stir 
the contents three times, at 10, 15, and 25 minutes after being placed in the 
bath. At the end of the 1-hour period, filter the contents of each beaker by 
suction on a tared crucible. First wash the pulp briefly with hot water, then 
with 50 ml. of 10% acetic acid, and then wash thoroughly with hot water. 
Dry the crucible and contents at 105° C., cool in a desiccator, and weigh in a 
stoppered weighing bottle. Calculate the loss in weight of the oven-dried 
sample. 

Report. — The results shall be reported as percentage of the oven-dry 
weight soluble in the NaOII solution. This value may be corrected if deniicd 
for hot-water solubility by subtracting from it the percentage of the oven-dry 
material soluble in hot water as determined by the standard TAPPI method 
(T 207 m). *111 this case the result shall be reported as “ corrected." 
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Precision. The results of duplicate tests should never vary by more than 
5% of the average result, and by careful work the deviation can be kept below 
2%. The results are usually somewhat higher than those obtained by the 
method previously used because with the old method of heating the temperature 
of the material during treatment was often below 90° C. 


SAMPLING PAPER EOR TESTING 

Test Sample. The test sample, unless otherwise specified, shall consist 
where possible of at least ten sheets not less than 11X11 inches in size. The 
sheets shall be kept smooth and flat and protected from exposure to direct 
sunlight and from contact with liquids and from other harmful influences. 
Particular care should be exercised in handling the sheets if optical tests or 
tests for acidity are required as such tests must be made on areas untouched 
by the hands. 

Procedure for Sampling. — The sample sheets shall be so selected as to be 
as representative as possible of the entire lot of paper. Not less than 2 nor 
more than 5% of the total number of “ units ” comprising a shipment of paper 
shall be sampled, nor less than 5 nor more than 20 sets of sample sheets shall be 
taken in all. The units shall be cases, frames, or bundles, where a shipment 
consists of a large number of packages; or the units shall be fractions of the 
packages, where only a few constitute the shipment, such fractions or units 
compri.sing not less than 1,000 sheets each. 

Sets of sample sheets from sheet-cut paper shall each consist of 10 consecu- 
tive sheets; except for lots containing few^er than 10 units, when each set shall 
consist of 5 consecutive sheets; provided that if there are reasons to believe 
that the paper was cut and stacked in .single or any definite number of sheets 
together, each sample set shall also consist of that number. Tlie sheets shall 
be taken from a point or points over Yi inch from the top or bottom of each 
frame, case or bundle. 

From rolls a single sheet shall be taken across the first unharmed layer; 
except when the shipment comprises less than 5 rolls, when the sheets may be 
taken across the first two unharmed layers. 

The sample sheets shall be trimmed with their edges exactly parallel to 
the machine and cross directions of the paper. 

The sample sheets comprising each set shall be consecutively numbered 
and sufficient specimen sheets bearing consecutive numbers shall be taken for 
testing purposes, one from each set in rotation. 

Procedure for Resampling. — In case of necessity for resampling a lot of 
paper, the samples shall be taken as described above except that they shall, 
if possible, be drawn from units different from those previously sampled. 

T 400 m-36. Official Standard— July, 1926. Revised— Nov. 22, 1934. Revised 
-^pt. 1.5, 1935. Corrected— Sept. 15, 1936. 
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CONDITIONING PAPER FOR TESTING 

Note. — This method is the official standard of the Technical Association. Many 
laboratories, however test at different temperatures and humidities. This is allowable 
provided the conditions employed are stat^ in the report. Unless such a statement is 
made it will be assumed that the conditions stated in the official standard prevail. 

Relative Humidity and Temperature. — Whenever required in a test method, 
the paper sample shall be conditioned and tested in an atmosphere maintained 
at 65% relative humidity and 21° C. (70° F.) temperature. A tolerance is 
permissible (unless for very precise work) of plus or minus 2 in the percentage 
relative humidity (63 to 67%) and of plus or minus 3° C. (5.5° F.) in tem- 
perature. 

Conditioning. — Each test specimen of the paper sample shall be so sus- 
pended that the conditioning atmosphere will have free access to all surfaces. 
Means shall be provided for so circulating the air of the conditioning and testing 
chamber that its humidity and temperature will be uniformly maintained. 
The conditioning time shall be sufficient for the moisture content of the speci- 
men to attain equilibrium with the conditioning atmosphere, this to be deter- 
mined by conditioning to constant weight, by very accurate weighings at 
intervals of not less than one-half hour. 

For work of such precision that the hysteresis in the equilibrium moisture 
content may lead to an appreciable error, the moisture content equilibrium 
under standard conditions shall be approached from a drier state by first reduc- 
ing, if necessary, the moisture content to less than half the value under standard 
conditions and then conditioning under standard conditions. For that purpose 
the samples may be dried in a desiccator or other convenient means, provided 
the temperature does not exceed 60° C. (140° F.). 

Note. — With good circulation a conditioning period of 4 hours is usually sufficient 
for papers of ordinary weight and composition, but some hard-sized papers, boards and 
water-resistant specialties may require 24 hours or longer. 

Determination of Humidity and Temperature. — The relative humidity of 
the conditioning atmosphere shall be determined by means of either (1) a sling 
psychrometer, or (2) a stationary type of psychrometer having the air circu- 
lated over the thermometer bulbs mechanically. In both cases the circulation 
of air round the thermometer bulbs shall be at the rate of not less than 3 meters 
(10 feet) per second and the exposure not less than 60 seconds before the read- 
ings are taken. When the sling type is used, care shall be taken to make the 
readings, especially of the wet bulb, as quickly as possible after bringing it to 
rest. For a relative humidity of 65% with temperature about 70° F., at 30 
inches atmospheric pressure, the wet bulb should be depressed 7.7° F. from 
the dry bulb reading. 

The thermometers used for determining humidity and temperature shall 
be accurately calibrated by comparison with certified standard thermometers 
and any corrections found necessary applied to the readings. 

Note. — It is recommended that thermometers approaching the following specifica- 
tions be used: Range C. (32-122“ F.) ; graduation, 0.2“ C. (0.5“ F,). They should 

“ T 402 m-36. Official Standard— July, 1926, Revised^Nov. 22. 1934, Cor- 
rected— Sept.ns, 1936. 
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be matched to within 34“ F. thro^hout the range used. Under ordinal conditions an 
error of 1 in the percentage relative humidity corresponds to an error of approximately 
34® F. in the wet bulb depression. Except for high altitudes, the barometric correction 
is negligible. 


PARAFFIN IN PAPERS 

Apparatus, — An extraction apparatus with a reflux condenser is necessary 
for this test. The balance used for weighing shall be sensitive to 0,1 mg. 

Test Specimen. — The test specimen shall consist of not less than 5 grams 
of air-dry paper obtained by cutting small strips from different portions of the 
test sample in such a way as to be representative of it. The strips shall be cut 
into small pieces about 6 mm. (0.25 inches) square. It is recommended that 
the test specimen be ground or shredded. 

Procedure. — Completely extract the paraffin from the paper with chemi- 
cally pure carbon tetrachloride, in the extraction apparatus. Evaporate the 
extract to dryness, add 25 ml. of 0.5 N alcoholic potash, and again evaporate 
to dryness. Take up the dry residue with ether and water, and transfer to a 
separatory funnel. The volume of ether in the funnel should be 25 ml. and 
that of the water, 150 ml. The water should contain a small amount of sodium 
chloride to prevent emulsification. Shake the contents of the flask thoroughly, 
allow separation to take place, and draw off the water into a second separatory 
funnel. Repeat the treatment, one or more times as may be found necessary, 
with a fresh 25-ml. portion of ether. Combine the ether extracts, and wash 
with fresh 100-mI. portions of water until the separated liquids are perfectly 
clear. An addition of a strong solution of sodium chloride to the ether extract 
may be necessary to thoroughly clarify it. Transfer the ether extract to a 
weighed evaporating dish, evaporate to dryness, dry for exactly one hour at 
100° C. and weigh the dried residue to an accuracy of 0.1 mg. Not less than 
two determinations shall be made and the average of the results shall be 
puted. The percentage results of duplicate determinations of paraffin shall 

agree within 0.2. i. r i.u 

Report.— The paraffin content shall be expressed as a percentage of the 

air-dry paper to the nearest 0.1. 


ACTIVE SULFUR IN PAPERS 

Apparatus.— The special apparatus required for this determination consists 
of a 500-ml. round-bottomed distillation flask having a neck about 5 cm. (2 
inches) long and 25 cm, (1 inch) in diameter, and a tube 10 cm. (4 inches) 
long so connected to the mouth of the flask that all gases 
flask will pass through a filter paper clamped between the mouth of the flask 
and the end of the tube, and then out through the tube. 

The balance used for weighing shall be sensitive to 1 mg. or less. 

Test Specimen.— The specimen shall consist of 0.250 gram of air-dry paper, 
either ground or thoroughly disintegrated by shaking in water. 

«T405m-36. Official Standard— July, 1926. Revised— Jan., 1930. Corrected— 
Official at»ndard-July, 1926. Cprrccted-Sept. li, 1936, 
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Reagents. — (a) Copper sulfate solution made by dissolving 0.786 gram of 
C.P. crystals of CUSO4 -51120 in water and diluting to 1 liter. 10 ml. of this 
solution contain 0.002 gram of Cu. 

(5) Small pieces of C.P. stick zinc, free from sulfur and arsenic, activated 
as follows: Cover the zinc with the CUSO4 solution, using 10 ml. for each gram 
of Zn. After allowing to stand a few minutes for deposition of the Cu, wash 
the Zn with water until free from ZnS04. The Zn can be reactivated several 
times. 

(c) Concentrated C.P. hydrochloric or phosphoric acid, free from S and As. 

(d) C.P. lead acetate, 10% solution. 

(e) C.P. sodium thiosulfate, 0.001% solution. 

(f) Sulfur-free surgical absorbent cotton prepared by boiling in a dilute 
solution of NaOH and washing thoroughly with water. 

procedure. — Transfer the weighed specimen to the distillation flask with 
20 ml. of distilled water and add approximately 2 grams of activated Zn cut 
in small pieces, and 10 ml. of cone. HCl or H3PO4. Insert in the neck of the 
flask a loose wad of surgical absorbent cotton about 4 cm. (I34 inches) long. 
Clamp between the mouth of the flask and the tube a hardened filter paper 
(such as Schleicher and Schiills' No. 575) which has been freshly moistened 
with 10% Pb-acetate solution. Place another wad of absorbent cotton in the 
tube above the filter paper. Prepare flasks under duplicate conditions, con- 
taining in place of the paper under test, pure, sulfur-free cotton, and measured 
amounts of Na-thiosulfate solution. Set all the flasks in a steam bath for 
1 hour, frequently agitating the contents. Remove the filter papers and allow 
them to air-dry. Determine the percentage of sulfur present by comparing 
the depth of the color developed by the S from the S[}ecimen with that devel- 
oped by the known amounts of S evolved from the thiosulfate solutions. 

As 0.000001 gram of S will give a distinct stain, care must be taken to 
protect the paper under test from contamination. It must be protected from 
atmospheric fumes and should not be handled with the bare hands. 

Report, — The amount of sulfur shall be reported as a percentage of the 
air-dry paper. 

Note. — In respect to the tarnishing effect of sulfur, a paper containing not more than 
0.0008% of S is required for wrapping silverware. 

Additional Information 

Sutermeister, E.: “Chemistry of Pulp and Paper Making,” p. 422, John Wiley, New York. 


AMOUNT OF COATING OF MINERAL COATED PAPER « 

This method is suitable for the ordinary types of mineral coatings. It may 
not be effective for exceptional special types, such as where lacquers or other 
materials are used to impart a high degree of water resistance. 

Reagent . — Enzyme Solution. — Aqueous solution of approximately 1.5 
grams of enzyme and 25 ml. of 0.1 N NaOH per liter. 

The enzyme recommended by Sutermeister and Porter (I) is trypsin, but 

** T 407 m. Official Standard — July, 1926. Tentative Revision — Jan. 15, 1931. 
Revised — ^April 15, 1935. 
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some of the mixtures of enzymes used commercially for desizing cotton and 
degumming silk have been found to be more rapid in action, less expensive, 
and more stable. The preparation Degoma D. L. made by Kbhm & Haas 
Co., 222 West Washington Square, Philadelphia, Pa., is particularly suitable. 

Test Specimen. — The specimen for test shall consist of not less than 25 
square inches. 

Procedure. — Obtain the air-dry weight of the specimen. Place it in a 
suitable container in such a way that the enzyme solution will have free access 
to the entire surface of the coating. It may be laid in a flat-bottomed tray 
or rolled in cylindrical form and placed in a burette. Pour over the specimen 
sufficient enzyme solution to cover it completely. Allow to stand for at least 
1 hour at 50® C., then place the paper on a pane of glass and brush off the 
coating with a camel's hair brush, taking care not to dislodge the paper fibers. 
Additional heating, and in some cases additional enzyme solution, may be found 
necessary for very resistant coatings. 

After the coating is entirely removed, stand the glass pane at a slight angle 
and wash the paper on both sides by means of a wash bottle, holding the paper 
on the glass by one corner. Dry the specimen and obtain the air-dry weight. 
The difference between this weight and the original weight of the specimen is 
the amount of coating material. Xot less than two determinations shall be 
made and the average of the results shall be reported. 

Report. — The amount of mineral coating shall be reported (1) as a per- 
centage of the decoated air-dry paper and (2) as pounds per 500 sheets, 25X40 
inches in size. The weight of the decoated air-dry paper, on this same weight 
basis, shall also be included in the report. 

Precision.— Owing to the variable nature of coating materials, the precision 
is variable. With most ordinary types of coatings, the percentage of coating 
material found should be correct to Avithin 0.5 to 2. 

Literature Cited 

1. Sutermeister and Porter, Tech. Assoc. Papers, XIII, hio. 1; 205 (1930). 


RESIN IN PAPER” 

Apparatus.— A suitable extraction apparatus, such as the Soxhlet or the 
Underwriters' is required for this determination. In addition, if glue or other 
nitrogenous sizing agents are present, two 300-ml. separatory funnels are 

"^'Reagent— Acidufoferf AkoM.~Ta 190 ml. of 95% alcohol add 1 ml. of 
glacial acetic acid and 19 ml. of water, and mix. 

Test Specimen. — The test specimen shall consist of not less than 5 grams 
of paper obtained by cutting strips approximately H inch wide from the sample 
in such a way as to be representative of it. It is recommended that the speci- 

mens be shredded or ground. , 

Procedure— Obtain the air-dry weight of the specimen. If the paper is 
not shredded or ground, fold the strips into numerous crosswise folds and place 

” T 408 m-36. Tentative Standard—Feb. 27, 1917. Official Standard— July, 1926. 
('o Erected — ^pt. 15, 1936. 
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them in the siphon cup of the extractor. Extract with acidulated alcohol, 
siphoning at least 12 times or as many more as may be necessary untU the 
solvent siphons over colorless. 

If nitrogenous sizing agents are present, they must be separated from the 
resin as follows, this not being necessary in absence of such materials. Wash 
the alcoholic extract of resin, which may contain foreign material, into a beaker 
and evaporate to a few ml. on a steam bath. Cool, take up in about 25 ml. 
of ether, transfer to a 300-ml, separatory funnel containing about 150 ml. of 
W'ater to which has been added a small quantity of sodium chloride to prevent 
emulsification, shake thoroughly and allow to separate. Draw off the water 
into a second separatory funnel and repeat the treatment with a fresh 25-ml. 
portion of ether. Combine the ether extracts which contain the resin and any 
other ether-soluble material, and wash twice, or until the ether layer is per- 
fectly clear and the line between the ether and the water is sharp and distinct, 
with lOO-ml. portions of water to remove salts and foreign matter. Should 
any glue, which may be extracted from the paper, interfere by emulsifying with 
the ether, it may be readily removed by adding a strong solution of sodium 
chloride to the combined ether extracts. Shake thoroughly and draw off the 
aqueous solution, repeating if necessary before washing with water. 

Transfer the alcoholic or the ether extract to a weighed evaporating dish, 
evaporate to dryness, dry the residue exactly 1 hour at 100° C,, and weigh to 
an accuracy of 0.1 mg. Not less than two determinations shall be made, and 
the average of the results computed. The percentage results of duplicate 
determinations of resin should agree within 0.2. 

Report. — The resin content shall be expressed as a percentage of the air- 
dry paper, to the nearest 0.1 per cent. 

Additional Information 

“Quantitative Determination of Rosin in Paper.” — C. F. Sammet, Ind. & Kng. Chem., 
5, 732 (1913); Paper 13, No. 1, 17 (1913). 

Note. — See also T 416 m, Rosin in Paper (Qualitative). 

MOISTURE IN PAPER 25 

Apparatus .'—The special apparatus required for this determination is an 
air-tight container in which the specimen is dried and weighed. For the 
minimum size specimen designated, a weighing bottle approximately 65 mm. 
(2.56 inches) in height and 45 mm. (1.77 inches) in diameter is suitable. For 
larger specimens, proportionately larger containers should be used. 

The oven used to dry the paper shall be equipped with means for ensuring 
adequate temperature control and air circulation and preferably equipped with 
means of drying the air entering the oven. 

Test Specimen. — The specimen for test shall consist of not less than 2 
grams of paper obtained by cutting small strips from different portions of the 
test sample in such a way as to be representative of it. 

Note. — When the paper \mder test is not in moisture equilibrium with the sur- 
rounding atmosphere, take care to minimize the time of exposure of the test sample to 
the atmosphere as much as possible, gain or loss of moisture being very rapid under this 
condition. 

» T 412 m. Official Standard— Dec., 1926. Corrected— May 15, 1935. 
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Procedure. Place the specimen, in a weighed air-tight container, close the 
container and obtain the weight of the specimen. Remove the cover of the 
container and dry the paper in the container, in an oven having an adequate 
circulation of air, at 100-105" C. (212-221" F.), for one hour. Close the con- 
tainer in the oven, remove to a desiccator and cool in the desiccator to room 
temperature. Weigh the container and paper and repeat the entire process 
until the weight is constant. All weighings shall be made to an accuracy of 
1 mg. The percentage results of duplicate determinations of moisture shall 
agree within 0.2. 

Report. Report the amount of moisture as a percentage, (1) of the original 
weight of the paper and (2) of the oven-dry paper, to the nearest 0,1. 


ASH IN PAPER 

Apparatus. — A crucible, such as platinum, alundum or porcelain, which 
will not change in weight under the ignition conditions used and with a tightly 
fitting lid ; a balance sensitive to 1 mg. ; and a de.siccator, are necessary for this 
determination. An electric muffle furnace is recommended for burning the 
paper. 

Test Specimen. — The test specimen shall consist of not less than 1 gram 
of air-dry paper obtained by cutting sraall .strips from different portions of the 
sample in such a way as to be representative of it. 

Procedure. — Weigh the specimen of paper accurately in the previously 
weighed crucible and ignite completely. To avoid loss of small particles of 
the specimen care must be taken to heat it slowly and to protect the contents 
of the crucible at all times from strong drafts. When the paper is completely 
burned, as indicated by absence of black particles, remove the crucible to the 
desiccator, cover and allow* to remain until its temperature has reached equi- 
librium with that of the surrounding atmosphere. Then weigh the crucible 
and contents and repeat the ignition and weighing until the weight is constant. 

All weighings shall be made to an accuracy of 1 mg. 

Precision. — The percentage results of duplicate determinations shall agree 
within 0.2. 

Report. — The amount of ash shall be reported as a percentage of the air- 
dry paper to the nearest 0.1. 

Additional loformation 

See T 211m Ash in Pulp. 


PROTEINACEOUS NITROCtEN IN PAPER 


Apparatus.— A Kjeldahl digestion and distillation apparatus is required for 
this determination. A 500-ml. Kjeldahl flask is a suitable size. 

Test Specimen. — The specimen shall consist of from 3 to 5 grams of air-dry 
paper, obtained by cutting .small strips from different portions of the test 
sample in such a way as to be representative of it. The strips shall be cut 
iuto pieces approximately 6 mm. (0.25 inch) square. 


“T413 m, 
*^T418 m. 


Official Standard — Dec., 1926. 
Official Standard—Dec., 1926. 


Corrected— April 15, 1935. 
Corrected— May 15, 1935. 
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Procedure. — Gunning' Method , — Place the specimen, weighed to an ac- 
curacy of 1 mg., in the Kjeldahl flask and add 10 grams of powdered anhy- 
drous sodium sulfate, a small crystal of copper sulfate (about 0.2 gram) and 
25 ml. of cone, sulfuric acid. Heat the flask gently until frothing has ceased 
and then digest with increasing temperature until oxidation is complete, i.e., 
for a short time after the mixture becomes clear and colorless, or nearly so. 
Cool and dilute with about 200 ml. of water. Add about 2 ml. of liquid petro- 
latum to prevent foaming and about 2 grams of 30-mesh granulated zinc to 
prevent bumping during the distillation. Add a saturated solution of NaOH 
to the contents of the flask in such amount (usually 75 ml.) that there is an 
excess of 5 ml. present. This solution must be poured carefully down the 
side of the flask so that it does not mix with the acid contents. The total 
volume of the solution should be about 400 ml. 

Immediately connect the flask to a condenser having its delivery tube just 
beneath the surface of a known amount of 0.1 N sulfuric acid diluted to 100 ml. 
(30 ml. of 0.1 N acid is usually sufficient). Mix the contents of the Kjeldahl 
flask by shaking the flask, then heat it gradually and distill the contents for 
about 45 minutes, taking care to avoid spurting. The total volume of the 
distillate should be about 200 ml. 

Titrate the contents of the receiver flask with 0.1 N alkali, using methyl 
red indicator. The difference between the number of ml. of 0.1 N alkali used 
and the ml. of 0.1 N acid added to the receiver flask is the number of ml. of 
0.1 N acid equivalent to the nitrogen present. This number multiplied by 
0.0014 is the nitrogen found. 

The percentage results of duplicate determinations of nitrogen shall agree 
w'ithin 0.02. A blank determination shall be made on all reagents used and 
any nitrogen found subtracted. 

Report. — The amount of X shall be expressed as a percentage of the air-dry 
paper to the nearest 0.01%. If it is desired to report the percentage of glue 
or casein present, it shall be calculated by multiplying the percentage of N 
found by 5.6 and 6.3 respectively. 

Note. — As these factors vary with different kinds and grades of material, they should 
be determined whenever the nitrogenous material is available, and whenever possible 
the X in the paper before addition of the nitrogenous material should be determined and 
subtracted from the total N found. 


STARCH IX PAPER « 

Qualitative 

Note. — This W’as formerly printed as a separate method T 419 m. 

A positive result obtained by the following method shall be regarde<l as 
conclusive evidence of the presence of starch in paper. 

Boil about 0.5 gram of paper for several minutes with 10 ml. of water. 
Filter off the extract, cool it, and add one drop of approximately 0.001 N 
iodine solution. A blue coloration indicates starch. If only a faint violet 

“ T 41&-420 m. Official Standard — Dec., 1926. Revised — January, 1930. Cor- 
rected — March 15, 1934. 
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coloration is obtained, this should be disregarded, as non-starch constituents 
of paper sometimes give such reaction. 

Note. — It is convenient to make an approximately O.Ol N stock solution of iodine 
(0.13 gram I and 2.6 grams KI in 100 ml. water) and dilute a portion of this to a pale 
yellow color (about 0.001 N) each time a test for starch is made. 


Quaxtitative 

Note. — This was formerly printed as a separate method T 420 m. 


Apparatus. — A reflux condenser is necessary for this test. The balance 
used for weighing shall be sensitive to 1 mg. 

Reagents . — For Use of Fehling's Solution. — (o) Copper sulfate (Fehling'a 
Solution A) — To 4 liters of distilled water add 277.3 grams of crystallized 
copper sulfate (CuSO*, SH^O), and shake the mixture at intervals until the 
crystals have dissolved. The CuSOi should be of high purity and as free from 
Fe as possible. 

(^f) Alkaline Tartrate (Fehling's Solution B) — Dissolve 150 grams of sodium 
hydroxide of good quality and 500 grams of potassium sodium tartrate in 
1500 ml. of distilled water. 

(c) Mixed Fehling’s Solution— Prepare by careful addition of the copper 
sulfate solution A to an equal volume of the alkaline tartrate solution B. It 
may be kept ready mixed but should in this case be carefully protected from 
light and air. It is, however, preferable to keep the solutions separate until 
they are needed. 

(d) Molybdophosphoric Solution— Dissolve 100 grams of sodium molyb- 
date (43% Mo) and 75 ml. of syrupy pho.sphoric acid (85%) in a solution 
containing 275 ml, of cone, sulfuric acid and 1750 ml. of distilled water. 

(c) Potassium Permanganate Solution— Prepare a N/30 solution of KMn 04 
by dissolving 1.10 grams in distilled water and making up to 1 liter. Stand- 
ardize against sodium oxalate. 

For Use of Benedict's So/uffon.— The directions for preparing this solution 
are described by Joslin (Diabetic Manual Paper 197) as follows. 


Coppt^r sulfate {C,P. crystals) 

Anhydrous sodium carbonate 

Sodium citrate (" 1 ) 2 B 2 O) 

Potassium sulfocyanate - • ■ 

5% p(>l;vs,sium ferrocyanide solution. 
Distilled water to make a volume of 


14,20 grams 
100 grams 
200 grams 
125 grains 
10 ml. 
1000 ml. 


With the aid of heat dissolve the carbonate, citrate and sulfocyanate m enough 
water to make about 800 ml. of the mixture. Dissolve the CuW, (accu- 
rately weighed) separately in about 100 ml. of water and pour the solution 
into the other liquid with constant stirring. Add the ferrocyanide solution, 
cool and dilute to exactly 1 liter. Only the copper sulfate need be weighed 


with exactness. 


Test Specimen.— The specimen shall consist of not less than 5 grams of 
oven-dry paper ol)tained by cutting small strips from different portions o the 
test sample in sucli a way as to be representative of it. Tm s rips s a 
cut into small pieces about 6 mm. (0.25 inch) square. 
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Procedure. — Place the weighed specimen of paper in a 500-ml. round- 
bottomed flask, add 200 ml. of water and 5 ml, of glacial acetic acid. Connect 
the flask to a reflux condenser and boil the contents vigorously for 1.5 hours. 
Pour the contents of the flask through a Buchner funnel and wash the pulp 
on the plate \s'ith 50 ml. of hot water, using suction. Add 15 ml. of cone. 
HCl to the filtrate and boil under reflux for 30 minutes. Neutralize the hot 
solution with solid Na 2 COs until eflervescence ceases- Cool to room tem- 
perature and adjust to 500 ml. in a volumetric flask. Determine the starch 
in the hydrolized starch solution with either Fehling's solution or Benedict’s 
solution. The procedure for each of these solutions follows : 

1. With Fehling^s Solution: Draw off 100 ml. of this hydrolized starch 
solution by means of a pipette into a 400-mli beaker. Add 25 ml. of mixed 
Fehling’s solution and boil for 10-15 minutes. Filter through a small Buchner 
funnel containing an asbestos mat. Wash the cuprous oxide with 200 ml. of 
hot water. Transfer the CU 2 O with the asbestos mat back to the original 
beaker and add 25 ml. of the molybdophosphoric solution. Add 25 ml. of 
water and filter off the asbestos through the same Buchner funnel. Wash the 
mat wdth 200 ml. of cold water, removing every trace of blue color. Titrate 
the filtrate with N/30 K^In 04 solution to a faint pink after the blue color has 
been discharged. 

1 mi. N/30 KMn 04 = 0.0011 gram starch. 

2. With Benedicts Solution: To approximately 10 grams of NajCOj in a 
150-mI. beaker, add 20 ml. of water and 5 ml, of Benedict’s solution. Heat to 
boiling and add the hydrolized starch solution from a burette in small portions. 
Keep the solution in the beaker boiling and maintain its volume at about 
25 ml. The end-point is when the Benedict’s solution changes to colorless. 

1 ml. Benedict’s solution =0.002 gram starch. 

As the factor for starch varies with different kinds and grades, when the 
starch used in the paper is available its exact factor can be determined by the 
following procedure : 

Dry the starch at 100-105® C. for 3 hours. Weigh exactly 0.05 gram and 
boil with approximately 190 ml. of 4% HCl solution for 30 minutes. Neu- 
tralize with NajCOs, cool, adjust to a definite volume, and titrate against 
either of the solutions as described. When it is desired to express the content 
of starch on an air-dry basis and the actual initial moisture content of the 
starch is not knowm, the average moisture figure of 12% may be used in the 
conversion calculation. 

Report. — The amount of starch shall be reported as a percentage of the 
oveu-dry paper to the nearest 0.01%. 

Additional Inlormatioa 

This method is based on that of V. Voorhees and 0. Kamm.** The original method 
was revised in respect to the Fehling solution (suggested by Miss H. U. Kiely) and the 
Benedict solution (suggested by G. P. Genberg), to avoid use of indicators and to obtain 
a sharper end-point. 

» Paper, 24; 1091 (Aug. 27, 1919). 
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MINERAL FILLER IN PAPER 

Test Specimen. The specimen for test shall consist of not less than 0.2 
gram of ash obtained from the paper by the official method for determining 
the ash of paper (T 413 m). 

Procedure for Qualitative Determination. — Warm the ash in a small quan- 
tity of dil. HCl. An effervescence indicates the presence of carbonate. If 
there is an insoluble residue, decant the acid solution through a filter paper and 
repeat the operation twice, finally transferring the residue to the filter paper 
and washing it thoroughly. 

Add an excess of NH4OH to a portion of the acid solution. A white, 
gelatinous precipitate shows the presence of Al, Filter off any such precipi- 
tate and add a solution of NH^oxalate. A white granular precipitate indi- 
cates Ca. To another portion of the acid solution add a few drops of BaCL 
solution and warm. A white precipitate will form if a sulfate compound is 
present. 

Dry any residue from the acid treatment of the ash, burn off the filter 
paper in a platinum crucible, and add to the contents of the crucible a fusion 
mixture consisting of equal parts of Na and K carbonates. Fuse to a clear 
mass, cool, transfer the fusion to a beaker and heat gently with water. When 
the mass is thoroughly disintegrated, filter and wash any residue thoroughly 
with hot water. To the filtrate add an excess of HCl, evaporate to dryness, 
and treat the residue with warm dil. HCl. A white, transparent, flaky pre- 
cipitate shows the presence of silica. Filter off such precipitate and to half of 
the filtrate add a solution of BaCL, when a white precipitate will form if an 
insoluble sulfate, such as BaSO^, was present in the paper. To the other half 
of the filtrate add an excess of NH4OH and boil. A white gelatinous precipi- 
tate indicates AI2O3. 

Dissolve the water-insoluble portion of the fusion with dil. JIU. Add to 
the solution an excess of NH 4 OH and boil. A wliite gelatinous precipitate 
shows the presence of Al. Filter off any such precipitate and add NH4- 
carbonate to the filtrate. A white precipitate occurs if Ba is present. Filter 
and add an excess of ammonium phosphate and stir thoroughly after cooling. 
A white crystalline precipitate indicates Mg. ^ • j- 

A considerable amount of Ca and sulfate in the ash soluble in HCl indi- 
cates the presence of calcium sulfate, CaS 04 - 2 H 20 (crown filler). The pr^- 
ence of Ba and sulfate in the acid-insoluble portion of the ash indicate Bafe 04 
(Wane fixe or barytes). An alkaline ash containing Ca soluble in HC u 
with no sulfate present indicates the presence of CaCOs (whitmg or chalk). 
The presence of Ba in ash which is soluble in HCl with effervescence mdicat^ 
BaCOj. Considerable amounts of silica and Al indicate aluimnum silicate 
added as china clay. Considerable amounts of silica and Mg indicate mag- 
nesium silicate derived from talc or asbestine. A microscopical examination 
of the ash assists in determining the variety of silicious minerals present. 

Procedure for Quantitative Determination.— The procedure for deter- 
mining the amounts of the various fillers present follows that given for their 
qualitative determination. The methods used for ensuring quantitative sepa- 
ration and determination of the various constituents are those described in 

* T 422 m. Official Standard^pt., 1927. Corrected-May 15, 1935. 
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standard textbooks dealing with mineral analysis. When the ashing of the 
paper causes chemical changes in the filler, the actual amount of filler originally 
present must be calculated. The more common examples of such changes are: 
loss of combined water in clay and crown filler; loss of CO 2 in carbonates; 
reduction of sulfates to sulfides. 

Additional Information 

Griffin, R. C., “Technical Methods of Analysis.’’ McGraw-Hill, New York. 


TOTAL ACIDITY OF PAPER 

Apparatus. — The special apparatus required for this test is a grinder which 
will completely disintegrate the paper without heating or contaminating it 
and a steam or oil bath which can he maintained at 100° C. The grinder 
shall be a “ Dr. Koerner ’’ type or its equivalent. 

The balance used for weighing shall be sensitive to 1 mg. 

The glassware shall be acid- and alkali-resistant. 

Reagents. — (a) 0.01 N sodium hydroxide solution, conveniently made by 
diluting 100 ml. of 0.1 N NaOH to 1 liter with freshly boiled and cooled dis- 
tilled water. 

(6) Phenolphthalein indicator solution. 

Test Specimen. — The specimen for test shall be cut from the test sample 
in such a way as to be thoroughly representative of it, and shall be completely 
disintegrated in the grinder. 

Procedure. — Allow the ground specimen to come to moisture equilibrium 
with the atmosphere of the balance case, and weigh 5-gram portions (to nearest 
1 mg.) for the acid extractions and moisture determination at the same time. 
Determine the moisture content on one portion by the standard TAPPI method. 
Transfer another weighed portion to a oOO-ml. Erlenmeyer flask and add 250 
ml. of boiling water. In some cases, the fibers absorb water slowly and tend 
to float on the surface of the water. This is avoided by first adding small 
portions of the w^ater and shaki[ig w^ell until the fibers are tboro\igbly sat- 
urated. After the water is added, affix to the flask a stopi)er containing a 
narrow gla.ss tube about 30 inches in length, which serves as a condenser. 
A soil-digestion flask which has a ground-glass stopper and condensing tube 
in one piece, or a rubber stopper covered with metal foil, may be used. Place 
the flask in a heating bath which will maintain the contents of the flask at 
95° to 100° C. Heat at this temperature for one hour with occasional shaking. 
At the end of this period pour the contents of the flask on a Buchner funnel 
(without other filtering medium) and wash the fibers remaining in the flask 
into the Buchner funnel with 10 mi. of water. Apply strong suction to the 
fibers, then return them to the flask. Cool the extract rapidly and titrate as 
soon as it reaches room temperature, with 0.0 1 N NaOH, using phenolphtha- 
lein indicator. Make two additional extractions and titrations exactly a.s in 

** T 428 m-^. Tentative Standard — MarcE 1932. Corrected — Sept. 15, P135. 
This method ha-s been approved by the Paper Testing Committee of the Tochniral 
Association of the I^dp and Paper Industry. Suggestions and criticisms should be sent 
to R. G. Macdonald, 122 East 42nd Street, New York, N. Y. 
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the first instance. Make a blank titration on 250 ml. of the water heated for 
1 hour in the same bath and with the same glassware used for the extractions. 
Each test result used in calculating the acidity shall be the average of not less 
than two determinations. The results of duplicate determinations of total 
acidity shall agree within 0 . 01 . 

Report. — Total acidity shall be expressed as a percentage of the moisture- 
free paper in terms of sulfuric anhydride, SO 3 , to the nearest 0.01, It is calcu- 
lated as follows ; 


Let T = ml. NaOH required to neutralize the 3 extracts; 

t = S times the ml. NaOH required to neutralize the blank; 
iV = normality of the NaOH solution; and 
W = weight of test specimen less moisture. 


Then, 


(T~0XNXOMX\00 

W 


= per cent SO 3 . 


Additional Information 

This method is that described by S, Kohler and G. Hall in The Paper Industry, 7, 
No. 7; (Oct. 1925), with some modifications developed at the U. S. Bureau of Standards. 

Studies of this method and other acidity methods are reported by Wehmhoff and by 
Wehmer in Technical As.sociation Papers (TAPPI), May, 1930 and May, 1931. 

The Dr. Koerner type of grinder is described in U. S. Bureau of Standards Research 
Paper No. 295. 


ALPHA CELLULOSE IN PAPER ^2 

Note. — See also T 203 m-36. 

This method is for papers free from unbleached, ground-wood, or other 
highly lignified fibers, such a.s the ordinary types of writing and printing papers 
used for record purposes. 

Apparatus. — The special apparatus required for this test is: 

A grinder which will completely disintegrate the pa})er without heating 
or contaminating it. The grinder shall be a “ Dr. Koerner type or its 
equivalent. 

A water bath which can he maintained at 20° C. 

A 7,5-cm. Buchner funnel with a nainsook cloth filter cut to fit the funnel, 
the cloth havitig been previously washed to remove stiffening material, and 
dried against glass. Dry the cloth to constant weight at 105° C. and weigh 
it in a weighing bottle before using it. 

The balance used for weighing shall be sensitive to 1 mg. 

The glassware used shall be of acid- and alkali-resistant grade. 

Reagents.— Sorfium Hydroxide Solution.— Dissolve pure NaOH in an equal 
^veight of water and allow the solution to stand in a stoppered glass vessel 
until it becomes clear. Filter the supernatant solution through an asbestos 
mat and dilute it with water free from CO 2 to a sp.gr. of 1.19/ at 15° C. The 

**T 429 m-36. Tentative Standard— March, 1932. Corrected— Sept. 15, 1936. 
'iLis method has been approved by the Paper Testing Committee of the Technical 
Association of the Pulp and Paper Industry. Suggestions and criticisms should be sent 
to R. G, Macdonald, 122 East 42nd Street, New \ork, N. Y. 
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solution will then contain 17.5%ofNaOHby weight. This should be checked 
by titration and should be adjusted if necessary within the limits 17.4-17.6. 

Acetic Acid . — Approximately a 20% solution in water. 

Test Specimen. — The specimen for test shall be cut from the test sample in 
such a way as to be thoroughly representative of it, and shall be completely 
disintegrated in the grinder. 

Procedure. — Allow the specimen to come to moisture equilibrium with the 
atmosphere of the balance. Weigh (to the nearest 1 mg.) approximately 
5 grams of the disintegrated paper. Weigh at the same time samples for 
moisture and ash determinations, and for determinations of such other non- 
cellulose components as may be found necessary for correction of the alpha 
cellulose figures (total resins, starch, glue, etc.). These determinations shall 
be made by the TAPPI standard methods. When mineral filler is present, the 
w’eight of it shall be calculated from the ash content. The w^eight of mineral 
coating shall be determined likewise, or according to the standard TAPPI 
method. 

Transfer the specimens for alpha cellulose determination to a 400-ml. 
beaker, adjust the beaker and contents in a water bath at 20° C., add 50 ml. 
of the NaOH solution accurately measured with a pipette, and note the time 
immediately after this is added. Macerate the mixture thoroughly with a 
flattened gla.ss rod, and add a second 50-ml. portion of the NaOH solution, 
this addition being made after about 5 minutes have elapsed from the time 
of the first addition. Macerate the mixture again and let it stand with occa- 
sional stirring for a total time of 30 minutes from the time of first addition of 
NaOH. At the end of this period, dilute the mixture with 250 ml. of distilled 
water having a temperature of 20° C. and filter it immediately with gentle 
suction, using a 7.5-cm. Buchner funnel with a nainsook cloth filter cut to fit 
the funnel, the cloth having been previously washed to remove stiffening 
material, and dried against glass. Dry the cloth to constant weight at 105° C. 
and weigh it in a weighing bottle before using it. Wash as uniformly as 
possible with 125 ml. of water at exactly 20° C. and then return the filtrate to 
the funnel and allow it to pass through the pad. Then wash the pad with 
750 ml. of water having a temperature of exactly 20° C. Occasional packing 
of the pad with the flattened glass rod is necessary during the washing as the 
pad has a tendency to shrink and permit the wash water to flow around its 
edge and not through it. Follow the water with 100 ml, of 20% acetic acid 
at about 20° C. and let the pad stand in this condition for 5 minutes, without 
application of suction. Finally apply suction and wash the pad with 1 liter 
of water at about 95° C. 

Transfer the pad and cloth to a Petri dish or watch glass, dry at 70° C. 
for 3 hours, transfer to a weighing bottle, dry to constant weight at 105° C. 
and weigh in the closed weighing bottle. Determinations shall be made of 
ash and other non-cellulosic components of the residue as may be found neces- 
sary, 80 that the weight of the residue may be corrected for these components. 

The weight of the residue, after deduction of non-cellulosic constituents, 
divided by the weight of the test specimen, likewise corrected, and the result 
multiplied by 100, gives the percentage of alpha cellulose in the total cellulosic 
content. The weight of the test specimen shall always be corrected for mois- 
ture and both the test specimen and the residue shall always be corrected 
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for ash. Both the test specimen and the residue shall be corrected for other 
non-cellulosic components whenever they are present in significant amounts. 
Not less than two determinations shall be made and the average of the results 
shall be reported. Duplicate determinations shall agree within 0.3. 

Report. — The amount of alpha cellulose shall be reported as percentage 
of the total cellulosic content to the first decimal place. 

Additional Information 

Cross and Bevan ^ mention the use of NaOH of mercerizing strength in isolating 
“normab' cellulose. The method described here is based on that of Jentgen®^ and 
modification of his method suggested by Parsons ^ and Ross ^ and by Burton and 
Rasch.^^ 


COPPER NUMBER OF PAPER 

Apparatus. — This method is for papers free from unbleached, ground-wood, 
or other highly lignified fibers, such as the ordinary types of writing and 
printing papers used for record purposes. 

The special apparatus required for this test is (1) a grinder which will 
completely disintegrate the paper without heating or contaminating it and 
(2) a steam or oil bath which can be maintained at 100® C. The grinder shall 
be a “ Dr. Koerner ” type or its equivalent. 

The balance used for weighing shall be sensitive to 1 mg. 

The glassware used shall be acid- and alkali-resistant. 

Reagents. — Copper Sulfate Solution. — Dissolve 100 grams of copper sulfate 
(CUSO4 -51120) in water and dilute to 1 liter. 

Carbonate-Bicarbonate Solution. — Dissolve 350 grams of sodium carbonate 
(NajCOs- IOH2O) and 50 grams of sodium bicarbonate (NaHCOs) in water and 
dilute to 1 liter. 

Molybdopkosphoric Acid. — Dissolve 100 grams of sodium molybdate 
(Na2Mo04 -21120) and 75 ml. of phosphoric acid (83%) in a mixture of 275 ml. 
of concentrated sulfuric acid and 1.75 liters of water. 

Sodium Carbonate Solution. — An approximately 5% solution of Na2COa 
in water. 

Potassium Permanganate Solution. — 0.05 N. 

Test Specimen.— The specimen for test shall be cut from the test sample in 
such a way as to be thoroughly representative of it, and shall be completely 
disintegrated in the grinder. 

Procedure.— Allow the specimen to come to moisture equilibrium with the 
atmosphere of the balance. Weigh about 1.5 grams (to nearest 1 mg.) of the 

Cross and Bevan, “Researches of Cellulose,” Vol. Ill, 1905-*1910, p. 22. 

Jentgen, Kun&toffc^ 1, 165 (1911). 

^ Parsons, Paper Trade Journal, 82, No. 8, p. 211 (Technical Section, p. 105). 

“ Ross, “Research Notes” (Canadian Pulp and Paper Association, Vol. 1, p. 105), 
1928. 

" Burton and Rasch, Bureau of Standards Jour, of Research, R. P. No. 295, April, 
1931. Includes an illustrated description of the “Dr. Koerner” grinder. 

“T430 m-36. Tentative Standard— March, 1932. Corrected— Sept. 15, 1936. 
This method has been approved by the Paper Testing Committee of the Technical 
Association of the Pulp and Paper Industry. Suggestions and criticisms should be sent 
to R. G. Macdonald, 122 East 42nd Street, New York, N. Y. 
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ground paper. Weigh at the same time, samples for moisture and ash deter- 
minations, and for determinations of such other non-cellulose components 
(total resins, starch, glue, etc.) as may be found necessary for correction of the 
copper number. These determinations shall be made by the TAPPI standard 
methods. When mineral filler is present, the weight of it shall be calculated 
from the ash content. The weight of mineral coating shall be determined 
likewise, or according to the Tappi standard method. 

Immediately before use add 5,0 ml. of solution A to 95 ml. of B. Bring 
the mixture to a boil in 2 minutes, and pour it over 1.5 grams of the finely 
ground sample in a 125-ml. Erlenmeyer flask. Stir well with a glass rod in 
order to distribute the fibers and to remove air bubbles. Fit the flask with 
a loosely fitting glass bulV) or stopper and submerge completely in a steam bath 
at atmospheric pressure. Occasionally fibers tend to float to the surface, there- 
fore the flask should be shaken from time to time to redistribute them. Re- 
move the flask from the steam bath at the end of 3 hours. Filter on an ashless 
filter paper in a 7.5-cm, Buchner funnel, using suction. Wash by flooding with 
100 ml. of 5% Na 2 C 03 solution at about 20"" C. and then by flooding with 
250 ml. of hot water (about 95° C.). Transfer the fibers and filter paper to a 
small beaker, add 25 ml. of the molybdate solution and macerate well with a 
flattened glass rod. Transfer to a Buchner funnel again and wash thoroughly 
with cold water until the blue molybdenum color is removed from the fibers. 
Dilute the filtrate vnih water to approximately 700 ml. and titrate it with 
0.05 N KMnO^ to a faint pink. 

The copper number is defined as the number of grams of metallic copper 
in the cuprous oxide reduced from the cupric hydroxide by 100 grams of the 
paper fibers. This is calculated as follows : 

^ ^ 6.357Xml. KMn 04 XA 

Copper Number = = 7 = » 

W 

where N' is the normality of the KMn 04 and IF is the weight in grams of the 
test specimen after deduction of the w^eight of the non-cellulosic materials. 
Correction of the weight of the test specimen shall always be made for moisture 
and ash. Correction for other non-cellulosic components shall be made when- 
ever they are present in significant amounts. Not less than two determina- 
tions shall be made and the average of the results shall be reported. Duplicate 
determinations shall agree within 0.1. 

Report. — The copper number shall be reported on the basis of the total 
cellulosic content to two decimal places. 

Additional Information 

This method is essentially the Braidy ” modification of the original Schwalbe 
method, with modifications for its adaption to paper proposed by Scribner and Brode,*' 
and by Burton and Ila.sch.“ 

A thorough investigation of the Braidy method was made by Clibbens and Geake, 
(J. Text. Inst./15, T31, 1924). 

Die Chemie der Cellulose, p. 625; 1912. 

Technologic Paper No. 354, National Bureau of Standards, 

“ Bureau of Standards Jour, of Research, R. P. 295, April, 1934. Includes an 
illustrated description of the “Dr. Koerner” type of grinder. 
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ACID-SOLUBLE IRON IN PAPER" 

The procedure commonly used for this- purpose is to extract the ash of the 
paper with acid but investigation has shown that the procedure described 
below is preferable because: (1) it requires less time; (2) in the ashing of the 
paper, some of the soluble iron may be volatilized and some of the insoluble 
iron may be made soluble. The removal of the acid-soluble iron is complete. 
This is considered the portion of the iron present that is potentially chemically 
reactive, as distinguished from insoluble or “ fixed ” iron such as might occur 
as silicate or other complex compound in clay filler. 

Reagents. — Ammonium Sulfocyanafe Solution , — Dissolve approximately 
76 grams of pure NH4SCN in water and dilute to 1 liter. 

Standard Iron Solution , — Dissolve 14.04 grams of pure ferrous ammonium 
sulfate, FeS04- (NH4)2S04-6Hi:0, and 4.07 grams of pure ammonium persul- 
fate, (NH4)2S208, in water containing 1 ml, of cone. H2SO4. Mix well and 
dilute to exactly 1 liter. Dilute 25 ml. of this solution to 1 liter. When 5 
grams of paper are used, 1 ml. of this standard equals 10 parts of Fe per million 
parts of paper. 

Test Specimen. — The specimen for test shall be cut from the sample in 
such a way as to be thoroughly representative of it and shall be either cut in 
small squares (abgut 34"inch) or ground. Cutting the paper in small pieces 
is generally sufficient, but grinding of very hard, resistant paper may be found 
necessary. 

Procedure. — Drench 5 grams of paper with 50 ml. of concentrated HCI. 
Cold acid usually suffices but hot acid may be required if large particles of 
iron are present. After the paper is thoroughly saturated with the acid, filter 
on a 7.5-cm. Buchner funnel. Wash the residue with three 50-ml. portions 
of hot water, applying suction after each addition. Add a few drops of con- 
centrated HNO3 to the combined filtrates, make ammoniacal with concen- 
trated NH4OH, and boil until the odor of NH3 is nearly but not quite gone. 
Filter through a filter paper and wash the residue on the paper thoroughly 
with hot water. Place the funnel containing the filter paper and Fe(OH)3 in 
the neck of a 50-ml, volumetric flask, and add two successive 5-ml. portions 
of dil. HCI (1 : 3), with intermediate and final washing with water. Dilute 
the filtrate to 150 ml. Measure 10 cc. of this solution into a 50-mL Nessler 
tube and add enough 0.05 N (or O.I N) KMn04 solution to completely oxidize 
the iron, or until there is a faint pink color to the solution. Add 10 ml. of the 
NH4SCN solution, dilute to the mark, mix, and compare immediately with 
standards made in the same way with the standard iron solution. 

The standard iron comparates shall be prepared freshly for each compari- 
son, as they fade rapidly. A blank determination on the reagents shall be 
run and a correction applied if necessary. At least two determinations shall 
be made and the average of the results shall be reported. Duplicate deter- 
minations should agree within 5 parts per million. 

Report. — The results shall be reported as parts of acid-soluble iron per 
million parts of paper by weight. * 

" T 434 m. Tentative Standard — Jan. 15, 1934. Official Standard — April 15, 1935. 
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Additional Iniormation 

American Public Health Association, “Standard Methods of Water Analysis,” 1933. 
(The modified procedure for paper was suggested in a communication from A. E. 
Kimberly, Bureau of Standards.) 


HYDROGEN ION CONCENTRATION (pH) OF PAPER EXTRACTS « 

Apparatus. — Grmder. — The grinder shall be capable of completely dis- 
integrating the paper without heating or contaminating it. The type de- 
scribed by Burton and Rasch (1), and known as the Koerner type, is rec- 
ommended. 

Glassware . — The glassware used shall be resistant to acids and alkalies. 
Pyrex glass or its equivalent is recommended. 

Colorimeiric and Eleciromeiric pH Apparatus . — Any of the usual forms of 
colorimetric apparatus employing indicators and glass comparison tubes is 
suitable. The apparatus recommended for the electrometric determination is 
illustrated in Fig. 272. In addition to this there is required a potentiometer 
and galvanometer similar to the Leeds and Northrup student or precision 



Fig. 272. — Electrometric pH Apparatus. 

“ T 435 m. Tentative Standard — Sept. 6 , 1934. This method has been approved 
by the Paper Testing Committee as a tentative standard. Send comments to R. G, 
Ma^onalut 122 E, 42nd Street, New York, N. Y, 
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instruments, for measuring the voltage. In the figure, A is a saturated calomel 
electrode. A platinum wire sealed through the bottom serves to connect the 
mercury in the tube electrically with that in the outside arm. The electrode 
is prepared by placing pure mercury in the tube to a depth of about 1 cm., 
covering this with a 2-mm. layer of calomel (preferably electrolytically pre- 
pared), adding pure KCl crystals to a depth of about 1 cm., and filling the tube 
with a solution of KCI saturated at the temperature at which the electrode is 
to be used. The funnel C serves as a reservoir for this solution. 5 is a wide- 
mouthed test-tube which contains the solution under examination. It is fitted 
with a stopper bearing a glass tube D which connects this vessel with the 
calomel electrode. The lower end of D is drawn out as a capillary and bent 
up as shown, and the entire tube is filled with saturated KCl solution from C, 
The stopper also contains a narrow glass tube E, which serves as an air vent, 
and an electrode F. The electrode illustrated may be used as a quinhydrone 
electrode. In such case, the solution being tested is saturated with quin- 
hydrone by adding approximately 0.5 gram of the solid of as high purity as 
possible and stirring. 

This electrode is the simplest one to use and is satisfactory if the pH of 
the extract is less than 8, and if the buffer concentration of the extract is not 
too small. If the pH is greater than 8, some other electrode must be used, 
such as the hydrogen or antimony electrode. These electrodes, however, do 
not function well at low buffer concentrations and are “ poisoned ” by certain 
materials which may be present in the extract. The most universally useful 
electrode is the glass electrode which can be used through the entire range of 
pH up to about pH 11 and which is not sensitive to “ poisons.’’ The use of 
the glass electrode, however, requires an especially sensitive galvanometer (3) 
(4) (5). It is recommended that the glass electrode be used wherever the 
equipment is available. In all cases the apparatus used is the same except the 
electrode Fj which must be selected to suit the type of extract being tested. 

Test Specimen. — The test specimen shall be cut from the test sample in such 
a way as to be thoroughly representative of it. It shall be completely dis- 
integrated in the grinder. 

Procedure. — Extraction . — Weigh 5 grams of air-dry paper to the nearest 
0.1 gram. For the extraction, transfer the specimen to a 500-ml. flask and 
add 250 ml. of boiling distilled water. The^water should be of high purity, 
preferably double or triple distilled. The quality of the water is particularly 
important in the determination of the pH of papers having low acidity, such 
as unsized papers. In such cases the water should have a pH betw^een 6.6 
and 7.0. If the fibers tend to float on the surface of the water, add water in 
small portions, stir until the fibers are thoroughly wetted, then add the re- 
mainder of the water. After the water is added, affix to the flask a stopper 
containing a glass tube about 8 to 10 mm. in diameter and 75 cm. in length, 
which serves as a condenser. A soil-digestion flask which has a ground-glass 
stopper and condensing tube in one piece, or a rubber stopper covered with 
clean metal foil, may be used. Place the flask in a heating bath which will 
maintain the contents of the flask at 95® to 100® C, without boiling the water. 
Heat at this temperature for 1 hour with occasional shaking. Pour the con- 
tents of the flask on a Buchner funnel without other filtering medium, 'and 
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draw the solution through the fiber mat with strong suction. Disconnect the 
suction just before the filtration is completed. As a few fibers may go through 
the funnel with the first portion of solution, return the filtrate to the flask 
and again pass it through the mat. Pour the filtrate into a clean flask, close 
it tightly with a clean rubber stopper, and set aside to cool to room tempera^ 
ture. The extract must be protected from the air as much as possible at all 
times to avoid CO 2 contamination. 

pH Measurement. — (a) Colorimeiric: In using the colorimetric method care 
must be taken that the indicators arc adjusted in pH, either at the midpoint 
of their range, or at frequent intervals (e.g. 0.2 pH) throughout their usual 
range for more accurate work. This is necessary because paper extracts are 
usually not well buffered, and the addition of an indicator may change the 
pH of the extract sufficiently to cause an appreciable error unless the pH of 
the indicator is near that of the extract. The Acree-Fawcett isohydric indi- 
cator method (6) (7) is recommended. This procedure consists of locating the 
approximate pH of the unknown solution by testing with an indicator solution 
adjusted at the midpoint of its range and then making a further precision 
determination with indicator solution adjusted at the approximate pH. This 
may be most easily accomplished by using solutions of indicator adjusted at 
intervals of 0.2 pH throughout the effective range of the indicator. The 
adjustment is made by comparing the color of 0.001 hi indicator solution with 
0.05 M buffer-color standards while adding to it 0.01 N HCl or NaOH as 
required to match the color standard having the desired pH. Following is the 
suggested procedure: 

(1) Add 0.2 ml. of midpoint indicator to 10 ml. of extract in a test tube. 

(2) Compare with 0.05 M buffer color standards and obtain the approxi- 
mate pH. 

(3) Repeat (1) by using indicator solution adjusted at the approximate pH 
value obtained in (2). 

(4) Compare the color standards and read to nearest 0.1 pH, 

This method is simple and convenient, and checks the electrometric method 
very closely within the limits of its accuracy. The average of the results of 
at least two determinations shall be reported. The results should agree within 
0.2 pH. 

(6) Electrometric: Referring tb Fig. 272, flush the tube D by opening the 
stopcock on C momentarily with B removed. Fill the vessel B with the 
extract to the depth indicated and fit it to the stopper as shown. Run a small 
amount (about 0.1 ml.) of the saturated KCl solution out through the capillary 
opening in D. Connect the wires from A and F to a potentiometer and meas- 
ure the voltage. Take readings until the voltage is constant to about 1 milli- 
volt for a period of several minutes. Calculate the pH from the voltage 
readings, F, by the following equations: 

„ 0.4526- , 
pjt=- Q qumhydrone electrode. 

^ Q 2358 

pH = — ^ for the hydrogen electrode. 
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The voltage obtained with, the antimony or glass electrode depends upon 
the individual electrodes used. The pll can be calculated from the voltage 
by calibrating the electrodes against buffers of known pH. In some cases 
these calibrations are furnished by the manufacturers of the electrodes. The 
above equations are for a temperature of 25^ C. but they may be used for 
measurements made at ordinary room temperature within the degree of ac- 
curacy stated below, by changing the denominator plus or minus 1/298 of its 
value, respectively, for each ® C. above or below 25. These equations are 
valid only when the saturated calomel electrode is used as the reference elec- 
trode. 

The average of the results of at least two determinations shall be reported. 
The results should agree within 0.1 pH. 

Report. — Results shall be reported as the pH of the air-dry paper. They 
shall be rounded off for the colorimetric method to the nearest 0.1, and for 
the electrometric method to the nearest 0.05. The report shall state which of 
these methods was used. 
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ARSENIC IN PAPERS 

Apparatus.-— The modified Gutzeit apparatus for determination of arsenic 
la shown in Fig. 273. 

Two sizes of the apparatus are desirable; No. 1 for use when the paper 
contains less than 0.01 mg. of arsenic trioxide (AsaOa) and No. 2 for use where 
the paper contains more tlian that amount. The dimensions of apparatus 
No. 1 are listed to the left of the sketch; those of apparatus No. 2 are listed 
to the right. 

Reagents.— Conc<?nfra/ecf Nitric Acid, arsenic-free, having a sp.gr. of at 
least 1.4. 

Concentrated Sulfuric Acid, arsenic-free, having a sp.gr. of at least 1.8. 

Zinc, arsenic-free, in the form of sticks (Bureau of Standards Standard 

« T 436 m--36 Tentative Standard— May 15, 1935. Official Standard— Sept. 15, 
1936. 
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Sample No. 43C is recommended). Break the sticks into pieces about 1 cm. 
long, rinse with water and treat with HCl until the surface of the Zn is clean. 
Then wash with water, dry and store in a clean, wide-mouthed, glass-stoppered 
bottle. 

Mixed Acid. — ’Dilute 1 volume of As-free HsSOi with 4 volumes of water, 
and to this add 10 grams of NaCl for each 100 ml. of solution. 

Ferric Ammonium Alum Solution. — Dissolve 84 grams of the salt, Fe 2 
(XHO 2 ( 804 ) 4 * 24 H 2 O, in w*ater, add 10 ml. of the mixed acid and dilute to 
1 hter. 

Lead Acetate Solution (for wetting glass wool). — Add to a 5% solution of 
lead acetate, Pb(C 2 H 302 ) 2 ' 3 H 20 , sufficient acetic acid to clarify the solution. 


Dimensions of Dimensions of 

Apparatus No./ Apparatus No.2 


10 cm. long x 4 mm. 
bore. Constricted 6 cm. 
from upper end. — 


Constricted 13 c 



r.3 cm. 


bottle (2SO CC.) 


Fio. 273. — Gutzeit Apparatus (modified). 

Stannous Chloride Solution. — Dissolve 80 grams of SnCL in 100 ml. of 
water containing ,5 ml. of As-free, concentrated HCl. 

Lead Acetate Test Paper (for removal of HjS). — Soak large sheets of filter 
paper, qualitative grade, in a 5% solution of Pb-acetate, dry, and cut into 
pieces 7X5 cm. for apparatus No. 1 and 11X9 cm. for apparatus No. 2. 

Mercuric Bromide Paper. — Dry several pieces of Whatman No. 40 filter 
paper at 100-105° C. for 1 hour and store in a desiccator over fused CaCL. 
Cut the paper into strips 2.5 mm. wide and saturate with a 1,5% solution of 
HgBr 2 in 95% ethyl alcohol. Dry in a desiccator for 10 minutes and use 
promptly. No treated strips should be stored longer than 2 hours before use. 
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Standard Arsenic Solution . — Dissolve 1.000 gram of resublimed arseuious 
oxide (AS 2 O 3 ) in 25 ml. of 20% As-free NaOH solution and neutralize with 
dil. H 2 SO 4 , using methyl orange indicator. Dilute this solution to 1 liter with 
freshly distilled water, to which 10 ml. of concentrated H 2 SO 4 have been added 
for each liter of solution. Mix well and again dilute 10 ml. of the solution to 
1 liter with water containing H 2 SO 4 . Finally, dilute 100 ml. of the latter 
solution to 1 liter with water containing acid. One ml. of the final solution 
contains 0.001 mg. (or 1 microgram) of AS 2 O 3 . 

Standard Stains.— Prepare 2 sets of stains by running blank determinations 
to which are added definite amounts of the standard As solution, the deter- 
minations being conducted exactly as described below under Procedure. 

The first set of stains should be those made by 0 . 001 , 0 . 002 , 0.004, 0.006, 
0.008, 0.010, 0.015 and 0.020 mg. of As^Oa, respectively. This set is con- 
venient for use with apparatus No. 1 and covers the range of As content of 
most papers. The second set of stains should be those made by 0 . 02 , 0.05, 
0.1, 0.2, 0.3, 0.4 and 0.5 mg. of AS 2 O 3 , respectively. This set of stains is 
convenient for use with the apparatus No. 2 and for larger samples of paper. 

Preservation of Stains . — Dip the sensitized paper containing the As stain, 
as soon as prepared, in molten paraffin, free from water, and mount on a sheet 
of white paper, folded back to form a cylinder. The white paper cylinder 
should be dried in an oven at 105° C. before mounting the standard stains. 
It is important that the standard stains and the white paper cylinder be kept 
dry, or the stains will soon fade. Place the cylinder with the stains mounted 
on it in a glass test tube containing phosphorous pentoxide covered with glass 
wool, close the glass tube with a rubber stopper and store the tube in a dark 
place. 

Test Specimen. — Cut 5 grams of the air-dry paper under test (w^eighed 
to the nearest mg., if arsenic is to be reported as parts by weight, or measured 
accurately (± 0.1 in.) for area if arsenic is to be reported as parts per unit 
area) into pieces from 14 to inch square, and place in a porcelain casserole. 
Add 10-15 ml. of concentrated HNO3 and cover the casserole by setting a 
watch glass inside the rim, convex side up, with a thin glass rod between the 
wall of the casserole and the edge of the watch glass. (This eliminates re- 
moving the watch glass for the addition of acids during digestion of the paper.) 
Heat on a hot-water bath until vigorous action ceases. Cool and add 10 ml. 
of concentrated H2SO4. When vigorous action ceases, heat gently on the 
water bath until the mixture liquefies and is dark brown or black in color. 
Then alternately cool, add concentrated HNO3 in 5-ml. portions, and heat on 
the hot plate between additions of HNO3 until the solution remains colorless 
to yellow when evaporated to the evolution of white fumes of SOs, To com- 
pletely remove all nitric or nitrous acid, evaporate to about 10 ml., cool, dilute 
with 10-15 ml. of water and again evaporate to fumes of SO3. Cool, dilute 
with water, cool again, and make up to 100 ml. with water in a volumetric flask. 

For a blank correction on the acids used, place in a separate casserole the 
total quantity of acids used to digest and oxidize the paper sample, and heat 
until all nitric and nitrous acids are driven off and white fumes of SO3 are 
evolved. Cool and make up to 100 ml. in a volumetric flask, 

" This amount is suitable for most papers but may have to be varied in special cases. 
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Procedure. — Place 5 or 6 strips of Pb-acetate paper in the lower tube of 
the absorption tower, a loose wad of glass wool moistened with Pb-acetate 
solution in the upper tube, and a strip of HgBr2 paper in the topmost tube 
of the absorption tower of the Gutzeit apparatus. Then pipette 20 ml. of tbe 
prepared solution of the test specimen into the flask of the apparatus, add 
2 ml. of ferric ammonium alum solution, 0.5 ml. of SnCU solution, 50 ml. of 
mixed acid and sufficient water (in this case 27.5 ml.) to make a total volume 
of 100 ml. Add 8-10 grams of Zn to the solution in the flask, immediately 
connect the absorption tower and set the flask in a water bath maintained at 
about 20° C. Let the evolution of gas continue for 1 hour, then remove the 
test strip of bromide paper, dip it into molten paraffin and place it in a test 
tube such as used for storing the standard stains. Prepare a stain from the 
blank solution in the same manner as used for the solution of the paper test- 
specimen. Compare both stains with the set of standards, and assign to each 
“ unknown ” stain the value of the standard stain which most nearly matches 
it in color. Deduct the value of the blank stain from that obtained from the 
solution of the paper test-specimen. The difference is the amount of As, cal- 
culated as AS2O3, in the solution tested. Multiply by 5 to obtain tbe amount 
of AsaOs in the paper specimen used. 

Report. — The results shall be reported as either : (a) parts of arsenic trioxide 
per million parts of paper, or (b) grains of metallic arsenic per square yard 
of paper. 

Calculations : 

Let W = weight in grams of specimen tested; 

>S = area in square inches of specimen tested; and 

A - value in mg. of As^Oa of matching stain (corrected for blank and for 
aliquot of solution used). 

Then 

(a) — = parts AS2O3 per million parts of paper, and 

, 15.15A ... , , 

(b) — 5 — = grains of arsemc per square yard of paper, 

o 

Additional Infonnatioa 

“Standard Methods of Chemical Analysis,’^ 5th Ed., Vol. I, pp. 101-108. 

Griffin, R. C., TcchnicaJ Methods of Analysis,” 2nd Ed., pp. 52 and 56, McGraw-Hill, 
Xew York, N. Y. (1927). 

Hillebrand & Lundell, “Applied Inorganic Analysis,” pp. 218-220. Wiley & Sons, 
New York, N. Y. (1929). 

Official Methods of The Association of Official Agricultural Chemists, 3d Ed., p. 306. 
Williams & Wilkins, Baltimore, Md. (1930). 

ZINC PIGMENTS IN PAPERS' 

The zinc pigments used as paper fillers comprise three main classes: (1) zinc 
sulfide alone, (2) high-strength zinc pigment, containing about 50% ZnS and 
50% BaS04, and (3) low-strength zinc pigment, containing less than 30% ZnS 

T 438 m-36. Tentative Standard— Aug. 1, 1936. 



PAPER AND PAPER-MAKING MATERIALS 


1923 


(the balance BaS04), typified by lithopone. These pigments may be used 
alone or in combination with other fillers, such as clay, etc. 

Reagents. — Dilute HCl {5 : 9), — To 5 volumes of concentrated HCI add 9 
volumes of water. This solution contains about 15% of HCl or 157 grams per 
liter. 

0.3% HCl. — Dilute 10 ml. of the above solution with 500 ml. of water. 

Dilute 172504 {1 : 1). — To 1 volume of water add 1 volume of concentrated 
H2SO4. 

Ammonium Chloride Solu/fon.— To 500 ml. of water add 25 ml. of concen- 
trated NH4OH and 10 ml. of concentrated HCI. 

Potassium Ferricyanide Solution,— Dissolve 1 gram of K3Fe(CN)6 in 100 ml. 
of water. 

Diphenylamine Indicator. — To 100 ml, of concentrated H2SO4 add 1 gram 
of diphenylamine. 

Standard Potassium Ferrocyanide Solution. — To 1 liter of water add 6.46 
grams of K4Fe(CN)6*3H20. One ml. of this solution should be equivalent 
to 0.0015 gram of Zn. Standardize by titrating a solution of known Zn con- 
tent as described under Procedure. If it is desired to calculate the results of 
Zn determination on the paper in terms of one of the three main types of Zn 
pigment listed above, the solution should be standardized against that type of 
pigment. In this case dissolve a weighed amount of the pigment in the diluted 
HCl, boil to remove H2S, adjust the acidity of the solution to between 0.5 
and 1.0 normal, add 2 drops of diphenylamine indicator and titrate with the 
standard ferrocyanide solution. If the pigments used contain Fe or Al, which 
is unusual, these must be removed before titration, as they interfere. If 
merely the Zn equivalent of the standard solution is desired, a solution of 
chemically pure zinc should be used. (Bureau of Standards Sample 43 is 
recommended.) 

Test Specimen. — The test specimen shall be large enough to contain at 
least 10 mg. of Zn (0.8 g. is usually sufficient), obtained by cutting pieces about 

inch square from the sample in such a way as to be thoroughly representa- 
tive of it. The oven-dry weight of the specimen shall be determined according 
to TAPPI Standard Method T 412 m. 

Procedure, — Place the weighed specimen in a 150-ml. beaker, add 20 ml. of 
water and 8 ml. of the dilute IICl, cover the beaker with a watch glass and 
boil gently for about 10 minutes. Wash down the sides of the beaker and also 
the watch glass with 0.3% HCl. Pour the liquid through a filter (Whatman 
No. 4 or 41 or S & S 589— black ribbon) into a 600-ml. beaker, keeping as 
much of the pulp in the beaker as possible. Press the pulp against the side 
of the beaker with a glass rod to remove most of the solution. Wash the pulp 
twice with 0,3% HCl, each time squeezing the pulp as before, and wash the 
filter twice with more of the same acid (see note 1). Add 2 ml. of dilute 
H2SO4 to the filtrate and boil. Keep the beaker covered with a watch glass. 
Add concentrated HNO3, a few drops at a time, until all organic matter is 
destroyed. Then boil the solution, keeping the watch glass on until most of 
the solution is evaporated; then remove the cover and heat on the hot plate 
until copious white fumes of SO3 appear and all HNO3 has been removed, 
especially any condensed on the sides of the beaker. 
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Cool the solution to approximately room temperature and dilute with 
500 ml. of water. Heat to boiling and make distinctly alkaline with concen- 
trated NH4OH. (About 5 ml. are usually sufficient.) Filter the solution 
through S & S No. 589 black ribbon filter paper (or Whatman No. 4 or 41) 
and wash the precipitate well with NH4CI solution. About 4 washings are 
usually sufficient (see note 2). Boil the filtrate until free from NH 3 odor, 
concentrate by evaporation to 50-75 ml., add 5 ml. of concentrated HCl, 
2 drops of ferricyanide solution, 2 drops of dipbenylamine indicator solution, 
and titrate with the standard fcrrocyanide solution to the disappearance of 
the purple color (see note 3). The volume of standard ferrocyanide solution 
used, multiplied by its Zn equivalent, gives the amount of zinc in the sample. 

Report. — The amount of zinc (or the appropriate zinc filler, if known) shall 
be reported as a percentage of the oven-dry paper to the nearest 0 . 1 . 

Notes. — 1. WTien filtering the pulp from the solution after boiling, and in the subse- 
quent washing, the pulp shoiUd be pressed as dry as possible. This requires some skill 
and becomes quite difficult with weak, short-fibered pulps. In such cases it may be 
better to use a Gooch crucible or a Buchner funnel fitted with a filter paper. 

2. Where the paper tested contains considerable clay, the initial boUing with HCl 
may be shortened slightly. This keeps the solution of Fe and Al at a minimum. If 
a voluminous precipitate of Al(OH )3 is obtained when the NH 40 H is added, it is very 
difficult to wa.sh the precipitate free from Zn. In this case it is best to dissolve the pre- 
cipitate in HCl and reprecipitate with NH4OH, combining the two filtrates. Two solu- 
tions and reprecipitations, with a final washing with NH4CI solution, will remove all Zn 
from the Fe and Al hydroxides. 

3. The volume of the solution to be titrated should be between 50 and 75 ml. The 
indicator is somewhat .sensitive to acidity and salt concentration, but satisfactory results 
will be obtained if the solution is prepared as directed. Excessive amounts of Nil 4 -salts, 
especially when only small amounts of Zn are present, may render the end-point some- 
what indistinct. Therefore, if resolution and reprecipitation have been resorted to 
because of large Fe and Al precipitates, care should be taken to keep the NHiOH and 
HCl used as small as possible. 

The solution should be stirred actively during the titration, and when only a small 
amount of Zn is present, the standard ferrocyanide solution should be added very slowly. 
In some cases it requires some time for the color to develop after addition of the first 
portions of the ferrocyanide. A false end-point usually occurs, where the blue color 
changes to purple, which sometimes take.a a few seconds to appear. After this point the 
ferrocyanide is added drop by drop until the purple color disappears and does not return 
after stirring the solution tor 20 seconds. This color change at the end-point is ordinarily 
sharp and distinct, if there are more than 10 mg. of Zn present. 

Additional Information 

Zinc and titanium pigments are sometimes found together in paper fillers. Ti does 
not interfere with the determination of Zn. as detailed above. 

When one of the three main classes of Zn pigments listed above occurs alone in a 
paper and the ash of the pulp i.s known, the zinc pigment can be determined by direct 
ignition, taking care to maintain a plentiful supply of air during combustion, to prevent 
possible reduction of the Zn salt to metallic Zn with subsequent volatilization, thereby 
giving low results. Only 0.5 to I gram of the paper should be used; the crucible contain- 
ing it should be placed in the very dull red portion of the furnace and most of the carbon 
burned off. The residual carbon can be burned off at 800-850° C. with the furnace door 
ajar and no cover on the crucible. 

The weight of the ash, corrected for the ash of the pulp, if this is known, should be 
multiplied by a factor which takes into account the loss in weight due to conversion of 
ZnS to ZnO on ignition. The usual factors for the three main types of zinc pigments 
are as follows: 



PAPER AND PAPER-MAKING MATERIALS 


1925 


(1) ZnS — 1,19 

(2) “High-Strength” zinc pigment — 1.09 

(3) Low-Strength ” zinc pigment — 1.06 

References 

Kolthoff and Pearson, Titration of Zinc with Potassium Ferrocyanide,” Ind. Eng 
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Steele, F, ‘ The Determination of Zinc Sulfide Pigments in Paper,” Paper Trade J., 

TITANIUM PIGMENTS IN PAPERS 

This method deals with the analysis of paper ash as modified by the pres- 
ence of titanium pigments, i.e, (1) pure titanium dioxide, (2) titanium dioxide- 
barium sulfate composite, and (3) titanium dioxide-calcium sulfate composite. 



Apparatus. — The only special apparatus required is a Jones reductor, shown 
ih Fig. 274. This consists of a glass tube about 2 inches in diameter and 21 

** T 439 m-36. Tentative Standard — Aug. 1, 1936. 
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inches long with a glass stopcock at the bottom, (An ungradnated dispensing 
burette is satisfactory.) It is connected to a liter flask as shown in the figure. 
A means is also provided for introducing CO2 into the flask through a bubble 
trap. The tube is filled for about one-third of its length with 1000 grams of 
a mixture of equal amounts of 10-mesh and 20-mesh granulated zinc resting 
on a pad of glass wool. The upper portion of the tube contains 500 grams of 
stick Zn in pieces about 2 inches long. Before use the Zn is amalgamated 
as follows : Place 250 grams of the Zn in a heavy glass flask, add a solution of 
11 grams of mercuric chloride in 100 ml. of concentrated HCl, swirl the mixture 
for a few minutes, pour off the liquid, and wash the Zn free from acid with 
water. 

Note. — W hen not in use the Jones reductor should be kept filled with w'ater and 
covered to exclude dust and other extraneous matter. 

Reagents. — O.J N Potassium Permanganate Solution, standardized against 
U. S. Bureau of Standards sodium oxalate. 

Standard Ferric Alum Solution, of which 1 ml. is equivalent to about 0.005 
gram of Ti02; standardized by reduction and titration with 0.1 N KMn04. 

Dissolve 30 grams of Fe2(NH4) 2(804)4 '24H2O in 300 ml. of water acidified 
with 10 ml. of H2SO4 and add KMn04 solution drop by drop as long as the 
pink color disappears. Finally dilute the solution to 1 liter. To standardize, 
dilute 50 ml. of the solution, measured from a burette, to about 100 ml. with 
dilute H2SO4 (1 : 20), reduce in the Jones reductor and titrate against the 
0.1 N KMn 04 . 

Thiocyanate Indicator. — A saturated solution of NH4SCN. 

Test Specimen. — Sufficient paper shall be ashed according to TAPPI 
standard T 413 m to yield the required amount of ash. The oven-dry weight 
of the paper shall be determined according to TAPPI standard T 412 m. 

Procedure. — Qualitative. — A qualitative analysis of the ash should be made, 
unless the nature of the loading material is known, since it will greatly facilitate 
the quantitative analysis. The procedures for qualitative analysis of fillers 
and ash for the commoner loading materials, such as clay (hydrated aluminum 
silicate), talc (hydrated magnesium silicate), barium sulfate, barium carbonate, 
calcium sulfate, and calcium carbonate, are well known and are included in 
the TAPPI Standards. To test for Ti place about 0.5 gram of the ash in a 
250-ml. beaker, add 20 ml. of concentrated H2SO4 and 10 grams of (NH4)2S04 
and boil for at least 5 minutes. An insoluble residue indicates Si02 or siliceous 
matter. Cool the solution, dilute to 100 ml. with water, heat to boiling, let 
settle and filter through double Whatman No. 42 paper. Test the filtrate 
with H2O2. A clear yellow or orange color indicates the presence of Ti. 

Note. — For a more detailed qualitative procedure, see Am. Chem. Soc. Monograph 
No. 33 “Titanium,” by W. M. Thornton, 

Quantitative. — The determination of Ti involves its reduction and titration 
with a ferric salt. The details of the procedure depend upon the other mate- 
rials present. The general procedure for the determination of TiOi is given 
in Scheme 1, which should be used when none of the other ash constituents are 
to be determined. Where BaS04 also is to be determined, use Scheme 3. 
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The procedure for a complete analysis of the ash in the absence of BaSOi is 
given in Scheme 2. 

Scheme 1 : Determination of TiO^ Only, — Weigh out accurately into a 250-ml. 
beaker a sample of ash containing not more than 0.25 gram of TiOs. (Usually 
0.5 gram is suitable.) Add 20-30 ml, of concentrated H 2 SO 4 and 10 grams of 
ammonium or sodium sulfate. Cover the beaker with a watch glass and care- 
fully boil the contents over a flame for at least 15 minutes. Cool and dilute 
with water to 125-150 ml, A white precipitate may form, indicating BaS 04 . 
Boil the solution gently and if it contains a precipitate, filter and wash the 
precipitate with hot dilute HzS 04 (1 : 20 ) and finally with hot water until 
free from Ti, indicated by testing with 3% HjOz solution, which gives a yellow 
color with the washings if Ti is present. 

Note, — Instead of dissolving tlie ash with concentrated H2SO4, it may be fused with 
NazCOs in a covered Pt crucible over a Meker burner, using 5-10 grams of dry NazCOj 
for 0.5 gram of ash. Digest the melt with 20-25 ml, of concentrated H2S04 in.about 125 
ml. of water; boil; and filter to remove any BaS04 and other insoluble matter. Wash 
the precipitate free of Ti with, hot dilute H2SO4 (1 : 20) followed by hot water. 

The filtrate and washings containing the Ti salts should have a volume of 
about 250 ml. Reduce and titrate as follows : Drain the Jones reductor to the 
top of the fine-mesh Zn and add 200 ml. of boiling dilute H 2 SO 4 (1 : 20). 
Slowly drain the reductor and then wash at least four times with boiling water. 
Drain the reductor to the top of the fine-mcsh Zn, wash the hot Ti solution 
into it and allow it to remain for 15-20 minutes, keeping the reductor covered 
with a watch glass. During the whole period of reduction pass a slow stream 
of CO 2 through the receiving flask. Slowly drain the reductor into the re- 
ceiving flask while CO 2 is continuously passed through it. When the solution 
has reached the level of the fine-mesh Zn, add more of the boiling dilute H 2 SO 4 
and bring the level of the solution to the top of the stick Zn. Drain the re- 
ductor to the fine-mesh Zn, then wash 4 times wdth boiling water in the same 
manner as above. Remove the flask, add 7 ml. of the NIRSCN indicator and 
titrate the solution rapidly with the standard ferric alum solution. Calculate 
the titration to percentage of TiOz. 

Notes. 1.— In titrating the Ti solution, the greatest accuracy is obtained by adding 
nearly all of the ferric alum before agitating; then agitate by shaking with a gentle 
rotary motion which is continued until the final end-point, a light straw color, is reached. 

2, Before using the reductor run a blank, using the same concentration of H2SO4 in 
water and the identical procedure as used for the Ti determination, the reduced solution 
being titrated. This blank should not require more than 0.1 ml. of the standard ferric 
alum solution. If more is needed, the Zn should be reamalgamated or another lot of 
ferric alum used. 

Scheme 2: Analysis of Ash Containing TiO^ in Absence of BaSOi. (Ti02 
in mixture with clay, talc, chalk or calciuin sulf ate.) 

(a) iStVma.— Fuse 0.5 gram of ash with 5-10 grams of NajCOs in a covered 
Pt crucible over a Meker burner. Treat the melt with about 125 ml. of dilute 
HCI (1 ; 4), filter, and wash with hot water. Ignite the residue in a tared Pt 
crucible at the highest heat of a Meker burner, cool in a desiccator and weigh. 
Treat the ignited and weighed residue with about 5—10 ml. of HF and 3-4 
drops of concentrated H2SO4, evaporate to dryness on a hot plate and finally 
ignite to constant weight. If the amount of SiOs is considerable, add more 
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HP and H2SO4, and repeat the evaporation and ignition. The loss in weight 
represents Si 02 . 

Evaporate the filtrate from the melt to dryness and bake on the hot plate 
for about K hour to insure complete dehydration of the SiOj. Take up the 
residue with warm dilute HCl (1 : 4), filter, and wash with water. Dry the 
residue, ignite and weigh in a tared Pt crucible. Treat with 5~10 ml. of HF 
and 3-4 drops of concentrated H 2 SO 4 , evaporate to dryness on a hot plate and 
finally ignite to constant weight. The loss in weight represents soluble Si 02 . 
Add this result to the previous to give the total SiOa. 

If residues are present after the SiOa has been removed, fuse with KHSO 4 , 
dissolve the melt in dilute H 2 SO 4 (1 : 4) and add to the filtrate from the SiOa 
determi n ations . 

(6) Titanium Dioxide and Alumina. — Add a slight excess of NH4OH to the 
combined filtrates and washings from the SiOa determination, boil the solution, 
filter, and wash the precipitate wdth 5% NH4OH. Dissolve the precipitate 
in the original beaker with dilute IICl (1 : 1) and reprecipitate with NII4OH. 
Filter through the original filter, and wash, combining the washings with the 
first filtrate and w^ashings. Dry the residue, ignite to constant weight over 
a Meker burner and w^eigh as AUGsd-TiOa. Subtracting the TiOa, as deter- 
mined in Scheme 1, gives the AI2O3. (Any Fe present as an impurity will be 
weighed as FejOs and included with the AI2O3.) 

Note, — Even if AI2O3 is not present, a double precipitation is still necessary to 
insure complete separation of Ti02, since the gelatinous precipitate tends to absorb 
appreciable amounts of Ca, Mg, etc. In this case the precipitate may be dried, ignited 
and weighed as TiOj. 

(c) Calcium Oxide. — Slightly acidify with HCl the combined filtrates from 
the Ti 02 and AI 2 O 3 separation and adjust the volume to 15Ch200 ml. Make 
this solution alkaline with NH4OH, boil and add an excess of ammonium 
oxalate solution. Boil gently for about 2 minutes, digest on a steam bath for 
1 hour and let cool to room temperature. Filter, wash the precipitate with 
hot water, dry, ignite strongly, and w^eigh as CaO. 

If preferred, the CaC 204 may be washed free of soluble oxalates, dissolved 
in dilute H 2 SO 4 (1 : 10), heated to 70® C. and titrated with standard KMn 04 
solution. 

If CaS 04 is present, calculate the CaO weighed or titrated to CaSOi, 

Calcvlaiiou: 

Ca0X2.428 = CaS 04 . 

{d) Magnesium Oxide. — Adjust the volume of the filtrate from the Ca 
separation to 150-200 ml. The solution should contain 5 to 10% of NH 40 H. 
Add an excess of (NH 4 ) 2 HP 04 solution with constant stirring and let stand 
for at least 4 hours, preferably overnight. Filter the precipitate on a pre- 
viously ignited and weighed Gooch crucible. Wash with dilute NH4OH 
(1 : 1), dry and ignite, slowly at first and finally over a Meker burner, until 
the weight is constant. (Do not fuse.) Cool in a desiccator and weigh as 
JMgaPaO?. Calculate to MgO. 
in ^Calcvlaiion: 
to 


Mg2P2O7X0.3621-MgO. 
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ANALYSIS OF BISULFITE COOKING LIQUORS 

Bisulfite liquor, used in the manufacture of sulfite pulp, consists essentially 
of a solution of calcium bisulfite, Ca(HS03)2, magnesium bisulfite, Mg(HS03)2> 
and free sulfur dioxide, SO2. 

For control tests in the mill, a volumetric analysis is usually sufficient, 
For a complete analysis, however, gravimetric methods are necessary* Re- 
sults are usually reported in grams per 100 ml. 

Volumetric Control Analysis 

Preparation of Sample, — Into a ICO-ml. volumetric flask, containing about 
50 ml. of water, pipette accurately 10 ml. of bisulfite liquor, holding the tip 
of the pipette just under the surface of the water. Then dilute the solution 
with water to the mark and thoroughly mix. 

Total SO 2. — Pipette 25 ml. of 0.1 N iodine solution accurately into an 
Erlenmeyer flask and add about 100 ml. of water. Then pipette 10 ml. of 
the prepared solution of the sample into the iodine solution and titrate the 
excess of iodine with 0.1 N thiosulfate solution, adding a little starch indicator 
solution near the end of the titration if desired. If starch solution is added, 
the end-point is the disappearance of the blue color. If no starch is used, the 
end-point is the change from pale yellow to colorless. Subtract the amount of 
0.1 N thiosulfate from the original amount of 0.1 N iodine solution (25 ml.) 
and calculate the difference to grams of SO2 per 100 ml. of the original sample. 

Calculation: 

1 ml. 0.1 N iodine = 0.0032 gram SO2. 

Note, — In, control analyses of used or partially used liquors the above procedure 
may give high results due to dissolved encrusting matter from the wood. In such cases 
the result obtained should be considered preliminary and a final analysis should be made 
by adding to the flask an amount of 0.1 N iodine about 5 ml, less than the amount con- 
sumed in the preliminary test. Then add 10 ml. of the solution of the sample followed 
by a little starch indicator and complete the titration with 0.1 N iodine until a blue 
color appears which is stable for a few seconds. 

Free SO^.—Pipette 10 ml. of the prepared solution of the sample into an 
Erlenmeyer flask, dilute to about 100 ml. with water and titrate with 0.1 N 
NaOH solution, using phenolphthalein solution as an indicator and continuing 
the titration until a pink color is formed which is permanent for 1 minute. 
Calculate the titration to grams of SO2 per 100 ml. of the original sample. 

Calculation: 

1 ml. 0.1 N NaOH = 0.0032 gram SO2. 

Combined S02.“Report the difference between the total SO2 and the free 
SO 2, both expressed in grams per 100 ml., as the combined SO 2. 

Note.— The free SO4 is the actual free SO2 plus half of the SO* in the bisulfites of 
calcium and magnesium, and is more properly caUed the “available SO2” as it indicates 
the SO* in excess of the amount necessary to form monosulfites. The combined SO* 
as above calculated represents the SO* combined as monosulfites, or in other words is 
half of the SOj in the bisulfites of calcium and magnesium. 

“ T 604 m. Tentative Standard— Dec. 24, 1931. Official Standard— Oct. 2, 1933. 
Corrected — April 15, 1^5. 
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Complete Gravimetric Analysis 

Ordinarily results shall be reported in grams per 100 ml. of the bisulfite 
liquor. If actual percentages by weight are desired, the figures thus obtained 
shall be divided by the specific gravity of the original solution. 

Silica. — Pipette 25 ml. of the original liquor into a small beaker or porcelain 
dish and, after adding 5 ml. of concentrated HCl, evaporate the mixture to 
dryness on the steam bath and dehydrate for 30 minutes at about 130® C. 
To the residue add 5 ml. of concentrated HCl, and then 100 ml. of hot water. 
Boil and filter. Wash the residue on the paper thoroughly with hot water, 
ignite over a Bunsen burner and finally over a blast lamp or Meker burner, 
then cool and weigh as SiOs. 

Iron Glide and Alumina. — Dilute the filtrate from the silica determination 
to about 300 ml., then add 10 ml. of 10% NH4CI solution, bring the mixture 
to a boil and add a slight excess of NH4OH. After boiling until the odor of 
NH3 is nearly but not quite gone, filter the solution, wash the residue thor- 
oughly with hot water, ignite strongly, cool and weigh as Al203+Fe203. 

Cdcium Oxide. — Heat the filtrate from the iron oxide and alumina deter- 
mination to boiling and to it add 20 ml. of 10% (NH4)2C204 solution. After 
allowing the precipitate to settle, filter the solution, wash the residue on the 
paper thoroughly with hot water, then ignite to constant weight over a Meker 
burner or blast lamp and w'eigh as CaO. 

Note. — For very accurate work dissolve the original precipitate of CaC204 through 
the filter paper \snth a slight excess of dilute HCl and w'ash the filter paper with hot water. 
Then reprecipitate the calcium in tlie filtrate by boiling with an excess of NHiOH and a 
few drops of the (NH4)2C204 solution, let settle, filter, wash and ignite. 

In the case of a double precipitation, evaporate the second filtrate rapidly to about 
2 o ml. and add to the first. 

Magnesium Oxide. — Evaporate the filtrate (or combined filtrates) from 
the CaO determination to about 100 ml. and add a slight excess of HCl, fol- 
lowed by 25 ml. of 10% NaNH4HP04 solution. Cool the solution and add 
25 ml. of concentrated NH4OH slowly from a burette or dropper with constant 
stirring. Let the precipitate settle in a cold place for at least 2 hours (prefer- 
ably over night), then filter on a Gooch crucible containing an asbestos mat 
which has previously been ignited, cooled and weighed. Wash thoroughly 
with water containing about 2.5% of NHj (1 part concentrated NH4OH to 
9 parts of water), ignite over a Meker burner (not strong enough to soften or 
melt the pyrophosphate), cool in a desiccator and weigh as MgzPzO;. Calcu- 
late to MgO. 

Colculaiion: 

Mg2P2O7X0,3621 = MgO. 

Alternative Method for Calcium and Magnesium Oxides. — Pipette 25 ml. 
of the original liquor into a platinum dish, add about 1 ml. of concentrated 
H2SO4, evaporate the mixture to dryness, carefully ignite, cool and weigh as 
the mixed sulfates, CaS04-|"MgS04. Dissolve the residue in 25 ml. of dilute 
HCl, wash into a beaker, make alkaline with NH4OH, heat to boiling and add 
sufficient (NH4)2C204 solution to precipitate the lime completely. Continue 
the boiling for 2 minutes and let the precipitated CaC204 settle for at least 
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}/2 hour. Filter and wash the precipitate thoroughly with hot water, ignite 
to constant weight over a blast lamp and weigh as CaO. Calculate to CaSO^, 
deduct the weight from that of the mixed sulfates and calculate the remaining 
MgS 04 to MgO. 

Calculatiom: 

Ca0 X2.428 = CaS 04 . 

MgSO4X0.3349 = MgO. 

Sulfur Trioxide. — Pipette 50 or 100 ml. of the original sample into a 300-ml. 
Erlenmeyer flask and completely displace the air above the liquid by a current 
of CO 2 , which has first passed through a wash-bottle containing an approxi- 
mately 1% solution of KMn 04 to remove any oxidizable sulfur-compounds. 
Then, with the current of CO 2 still passing into the flask, add 10 ml. of con- 
centrated HCl and evaporate the solution nearly to dryness to remove SO 2 . 
Transfer the solution to a beaker, washing out the flask and adding the wash- 
ings to the beaker until the total volume is 100-150 ml. Acidify this solution 
with 2 ml. of concentrated HCl, heat to boiling, and add 10 ml. of 10% BaClz 
solution drop by drop while boiling. Let the precipitate settle for several 
hours, preferably overnight, filter, wash thoroughly with hot water, ignite, 
cooi and weigh as BaS 04 . Calculate to SO 3 . 

Calculation: 

BaS04X0.3430 = S03. 

Total SO 2 . — Determine the total SO 2 by titrating with 0.1 N iodine and 
thiosulfate as described in the volumetric method. 

Calculations. — Calculate the SOa to CaS 04 and the CaO to Ca(HS 03 ) 2 . 
Calculate the MgO to Mg(HS03)2. Express the excess of SO 2 beyond that 
required for the bisulfites of calcium and magnesium as free SO 2 . 

SO 3 X 1.700 = CaS 04 . 

CaOx3.006-Ca(HSO3)2. 

Mg0X4.625 = Mg(HS03)2. 

Ca(HSO3)2X0.6336-SO2. 

Mg(HSO3)2X0.6872-SO2. 


ANALYSIS OF CASEIN 

Commercial caseins are often designate4 according to the method of prepa- 
ration, as acid casein, rennet casein, etc. Acid caseins are again subdivided 
according to the acid used, as sulfuric, muriatic, lactic, etc. ^ This designation 
W’as formerly of some value, as the older methods of preparation gave products 
of different characteristics according to the acid used. With modern methods 
this is not true and caseins of practically the same properties are now pro- 
duced with such different acids as lactic and muriatic. The name of a casein, 
except for the distinction between acid and rennet caseins, therefore gives no 
hint as to its properties. 

Casein is a material for which there is at present no adequate system of 
testing which can be applied by both producer and consumer. This is due 

T 607 m. Tentative Standard— May 26, 1932. Official Standard— Oct . 2, 1933. 
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to the fact that there is a very wide gap between the information supplied by 
strictly chemical tests and that necessary to tell how the casein will work in 
practice. This gap can be bridged only by empirical tests made to duplicate, 
as nearly as possible, the conditions of actual use, and such tests cannot readily 
be standardized. Both types of tests are here described. 

Sampling. — The usual methods of sampling dried granular material in 
packages shall be followed, taking equal portions from 2 to 10% of the pack- 
ages according to the size of the shipment. The composite sample shall be 
thoroughly mixed, quartered down to suitable size and placed in moisture- 
proof containers. 

Appearance. — The sample should be observed for color, odor, cleanliness 
and fineness of grinding. There are no exact standards for the first three 
properties and only experience can enable one to tell whether a sample is up 
to the desired quality. In general, however, a good casein should be of a 
creamy yellow color, free from an excessive amount of dark orange- colored 
particles and visible dirt and of a mild, characteristic odor, neither molSy, 
musty nor rancid. The fineness of grinding may be determined by screening 
on standard screens. 

Chemical Tests. — Moisture , — For accurate work a sample of 3 to 5 grams 
shall be dried for 5 hours at 98° C. in a vacuum oven. For most work it is 
sufficiently accurate to dry the sample to constant weight at a temperature of 
100-105° C. in an ordinary oven. Ail weighings shall be made in a glass- 
stoppered weighing bottle, as casein takes on moisture rapidly when dry. 

Fat . — A representative portion of the sample shall be very finely ground and 
then 5 grams extracted with ether in an extractor of the Soxhlet type. The 
extraction shall run for at least 16 hours or overnight, collecting the extract 
in a weighed flask. After evaporating off the solvent, the extracted fat shall 
be dried to constant weight at not over 100° C. 

Routine Method. — A convenient method of moderate accuracy which utilizes the 
Babcock milk tester is a.s follows: 

Soak 2 grams of the casein in 6 ml. of water in a small beaker and when all particles 
are thoroughly saturated add, with constant stirring, 9 ml. of concentrated H 2 S 04 , 
Pour the solution into a Babcock milk test bottle (Ingram) and wash out the beaker 
with a mixture of 5 ml. of water and 5 ml. of concentrated H 2 SO 4 , adding the w'ashings to 
the bottle. Fill to the base of the neck with dilute HiSO^ (5 : 4) and w^hirl in a centrifuge 
for 5 minutes. Then add sufficient hot dilute acid to bring the fat layer completely 
within the graduated portion of the neck and whirl for 2 minutes. While still hot read 
the amount of fat on the CTaduated neck. As the bottle is designed for a charge of 18 
grams, this reading multiplied by 9 will give the percentage of fat in the casein. 

Ask . — Weigh about 2 grams of casein into a large porcelain crucible and 
ignite over a low flame until complete carbonization has taken place, being 
careful that the contents of the crucible do not burst into flame. Then ignite 
over a burner or in a muffle until the ash is white or very light gray, cool in a 
desiccator and weigh. The final ignition should be at as low a temperature 
as is consistent wdth obtaining a white ash. The procedure should not be 
carried out in platinum as this metal is attacked by the phosphorus in the 
casein. 

If oxygen is available the operations may be carried out in a Rose crucible 
and the final ignition assisted by a stream of oxygen. 
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Alkali . — Add about 5 ml. of distilled water to the ash and warm. Then 
add a drop or two of phenolphthalein indicator and if the ash is alkaline titrate 
it with 0.1 N HCl until colorless; then add 2 drops of methyl orange and com- 
plete the titration to a pink color. Calculate the total titration to Na20. 

Ccdcvlation: 

1 ml. 0.1 N HCl =0.0031 gram Na20. 

Note. — The ash of a pure casein should not be alkaline to phenolphthalein or to 
methyl orange. If it shows alkalinity, test it qualitatively for borax, sodium carbonate 
and sodium phosphate. 

Siarch . — Warm a portion of the sample with water. Cool and add a fev? 
drops of very dilute iodine solution. A blue color indicates starch. 

Note. — If added alkali has been found in the casein, make the solution slightly acid 
before adding the iodine solution. 

Total Acidity . — Weigh 20 grams of casein into a beaker and add 100 ml. of 
water. After soaking for a short time titrate with 1.0 N or 0.5 N NaOH, 
running in a little at a time and warming on the steam bath after each addition 
until the end-point is reached. Litmus paper, moistened and dipped into the 
hot solution shall be used as an indicator and the end-point shall be considered 
as reached when blue litmus is turned very slightly red and red litmus is turned 
very slightly blue. Report the result as percentage of NaOH required to 
neutralize the casein. 

Calculation : 

1 ml. 1.0 N alkali =0.04 gram NaOH. 

Soluble Acidity . — Soak 20 grams of the casein in 200 ml. of water at room 
temperature for at least 1 hour, filter and titrate 50 ml. of the filtrate with 
0.1 N NaOH, using methyl orange indicator. Report the acidity as the num- 
ber of ml. of 0.1 N alkali required to neutralize 1 gram. 

Nitrogen . — The nitrogen is not usually determined in casein except for 
some special purpose. When it is desired the usual Kjeldahl method should 
be used. 

Note. — Authorities differ as to the factor for converting N to casein and it is known 
to differ with different lots of casein. According to Browne, NX6.38 will give the per- 
centage of pure casein: while Hopfner and Burmeister state that NX6.61 will give the 
fat-, ash-, and moisture-free casein present. To convert to commercial, air-dry casein as 
received, the factors have been found to vary from 7.69 to 9.10 for different samples. 
It is suggested that the factor 8.00 be arbitrarily selected and assumed to apply in all 
cases where it is desired to convert nitrogen to commercial air-dry casein. 

Empirical Tests.— Insoluble Afaffer.— Weigh 100 grams of casein into a 
liter beaker, add 300 ml of water and stir thoroughly. After about 10 minutes 
add a solution of 15 grams of Na 2 C 03 (soda ash) in 100 ml. of water and stir 
until thickening takes place. Put the beaker in a water bath at a temperature 
of about 60° C. and let it stand, with occasional stirring, for 3 hours. At the 
end of this period add 400 ml of boiling water and stir thoroughly for about 
5 minutes. Pour the solution upon a small brass, 200-mesh sieve which has 
been weighed to 0.1 mg. and soaked in boiling water. Wash the sieve and 
residue thoroughly with boiling water, then dry and weigh. Report the per- 
centage of insoluble matter. 
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Solubility (Cutting Test ). — Weigh 50 grams of the ground casein into a 
350-inl. beaker and add 7.5 grams of powdered borax. Add 250 ml. of water 
at a temperature of 70^ C. and heat at this temperature on the water bath for 
15 minutes, stirring constantly. High-grade caseins will dissolve completely, 
while inferior samples will show more or less insoluble materials of various 
kinds. (It should be noted that a casein may not be completely soluble by 
this test, yet be entirely satisfactory for coating purposes when more alkali 
is used.) 

Viscosity . — Viscosity tests are of considerable help in determining whether 
a casein is satisfactory for coating purposes, but it is nearly impossible to 
standardize the methods employed. In the first place, there is no fixed rela- 
tionship between the viscosity of a casein solution and that of a coating mix- 
ture made from it, and as the coating mixture is what interests the coater 
it is quite useless to test the casein solution only. In the second place, the 
viscosity of a coating mixture varies with the kind of clay, the kind of satin 
white, the proportion of the two in the mixture and the kind and amount of 
solvents used in dissolving the casein. Unless standard grades of clay and 
satin white can be distributed for testing purposes the best that can be done 
is for each user to work up a test which suits the conditions in his own par- 
ticular plant. 

Clay-Carrying Strength . — In the case of casein used in the coating of paper, 
strength may be considered to be the number of parts of clay which one part of 
casein vill hold on the surface of the paper with just sufficient strength so that 
the coating will not be removed during the printing of the paper. (Different 
mineral matters require different amounts of casein, but for testing purposes 
clay has been generally adopted.) The following method is recommended: 

Soak 50 grama of casein in 190 ml. of a solution containing 7 grams of 
Na2C03 and warm on the steam bath until solution is complete. Add suffi- 
cient water so that the total weight of solution is 250 grams and 1 gram of 
casein is present in 5 grams of solution. It makes practically no difference 
what alkali is used as a solvent provided the solution is complete and not over- 
heated for any length of time. 

Into a heavy porcelain or enamel-ware cup weigh 100 grams of coating 
clay which has been dried at 100° C. or higher, and to this add 70 ml. of water. 
When it has soaked for a short time, stir until free from lumps. This can be 
done very conveniently by means of a copper spatula which is bent nearly at 
right angles on the end to form a foot with which lumps may be pressed out 
and broken up. Balance this cup with its contents of clay, water and spatula 
on a balance which is sensitive to 0.1 gram with a load of 500 grams, and then 
add 30 grams of the hot ca.sein solution. Mix thoroughly and spread a little 
of the mixture thinly and evenly on a sheet of paper similar to that used for 
coating purposes. Replace the cup on the balance, add 5 grams of casein 
solution, mix and again spread on a sheet. Repeat this process until it is 
certain that enough casein has been added to give a coating of sufficient 
strength. The sheets will then represent increments of 1 gram of casein, the 
first being 6 grams per 100 of clay, the second 7 grams, etc. Mark the sheets 
6, 7, 8, etc. If care is taken not to spill or waste any of the coating mixture 
during the test, the amount used for making each sheet will not introduce any 
appreciable error. 
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The coated sheets should be dried in the air at room temperature until 
fully dry and tested with sealing wax for strength. For this test heat a stick 
of sealing wax on one end until it almost drips and press the hot end firmly 
down on the surface of the coated paper. When it is fully cold and hard pull 
it off with a quick, vertical pull. When doing this the paper must be held 
firmly; this may be done by using a large washer which will fit over the wax 
and hold the paper down entirely around it. If insufficient casein is used, the 
coating will pull off without taking any fiber with it; wliile if excess casein is 
used, the surface of the wax will be entirely covered with coating to which 
fibers are adhering. There is generally an intermediate “ critical point ” when 
the central area of the wax shows fibers and the edges coating only. This 
would be considered just on the line between weak and strong. 

The test should be reported as the number of pounds of clay held by one 
pound of casein in the coating which gives the critical point. This figure is 
obtained by dividing 100 by the number of grams of casein required to give 
the critical point. 

Note, — The results obtained by this test are influenced by the kind of clay used as 
well as the kind of paper to which the coating mixture is applied. Of still greater im- 
portance is the thickness of coaling applied and it has been proved that for accurate work 
it is necessary to keep the weight per ream of coating constant within 1 pound on either 
side of the desired amount. This cannot be accomplished by spreading the coating 
with a brush or even by means of a hand scraper, and the only satisfactory solution is to 
construct a machine which will apply a very uniform and controllable amount. 


ANALYSIS OF SALT CAKE 

The principal use of salt cake in the pulp and paper industry is in the manu- 
facture of sulfate pulp. Sait cake is an anhydrous sodium sulfate which 
contains varying amounts of impurities. The principal impurities usually are 
sulfuric acid, common salt, and sulfates of Fe, Al, Ca and Mg. “ Chrome Salt 
Cake,” obtained as a by-product in making chromic acid, has a yellow color 
and contains NajCraO; (and/or Na 2 Cr 04 ). 

A complete analysis of salt cake is somewhat complicated and involves a 
considerable number of determinations, as outlined below. Since some mills 
are mainly interested in the acidity and the NajSO^ content, directions for a 
short analysis are also given. 

Preparation of Sample. — Mix the sample thoroughly, breaking down or 
grinding any lumps; quarter down to about 100 grams; grind the quartered 
portion, if necessary, to about 60-mesh or finer; and place in a separate stop- 
pered bottle. 


Complete Analysis 

Moisture. — Weigh 10 grams of the prepared sample in a flat-bottomed dish 
of porcelain, glass or platinum and dry to constant weight at 100-105° C. 
(Four hours is usually sufficient.) Let the dish and contents cool in a desiccator 
before weighing and make the final weighing rapidly. Calculate the loss in 
weight to percentage and report as Moisture. 

“ T 619 m. Tentative Standard— Nov, 2, 1933. Official Standard— April 15, 1935. 
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Insoluble Matter. — Weigh 50 grams of the prepared sample into a 400- or 
500-ml. beaker. Add about 250 ml. of boiling water and stir well for 5-10 
minutes. Filter at once through a filter paper which has been previpusly dried 
at 105° C., cooled and weighed in a weighing bottle, collecting the filtrate in a 
liter volumetric flask. Wash the residue and the filter paper thoroughly with 
hot water until a few drops of the washings give no test for sulfates. Place 
the filter paper and contents in the weighing bottle and dry to constant weight 
at 100-105° C. Calculate the percentage of insoluble matter. 

Cool the filtrate and washings in the liter flask to room temperature, dilute 
to the mark at 20° C. and mix thoroughly. Call this Solution A, 

Acidity. — Pipette 100 ml. of solution A (equivalent to 5 grams of the 
sample) into a beaker or flask, dilute with an equal volume of water, add about 
1 ml. of phenolphthalein indicator, and titrate to a pink color with 0.1 N NaOH. 
Calculate the titration to percentage of H2SO4 and report as Acidity, calculated 
as H2SO4. 

Calculation: 1 ml. 0,1 N NaOH = 0.0049 gram H2SO4. 

Note. — This titration gives the total acidity or alkali-consuming power, and includes 
not only the free H2SO4 present in the material but also the acidity due to sulfates of Fe 
and Al, and of any bichromate. The actual free H3S04 may be closely approximated 
by c^culating the amount of H2SO4 due to the various impurities and subtracting from 
the percentage of acidity as H2SO4. 

Factors: H2SO4 equivalent = AI2O3 X2.89 

= FeO X1.36 

= Fe203 X1.84 

= Na2Cr2O7X0.375 

Chloride. — To the solution which has been titrated for acidity add a drop 
or two of methyl orange or methyl red indicator, make very slightly acid with 
a few drops of dilute H2SO4, and bring back to neutrality by adding about 1 
gram of powdered CaCO? and stirring. Set the flask on a white surface or 
transfer the contents to a porcelain dish; add 10 drops of K2Cr04 indicator 
solution (10%) and titrate with 0.1 N AgNOs until the brick-red coloration 
due to Ag2Cr04 remains just visible after stirring. Calculate the titration to 
percentages of Cl and NaCl (and also to the equivalent of Na20 for use in the 
final calculations). 

Calculations: 1 ml. 0.1 N AgNO^^ 0.00355 gram Cl. 

= 0.00585 gram NaCl. 

= 0.00310 gram Na20. 

Ferrous Iron. — To 5 grams of the original prepared sample in an Erlen- 
meyer flask add 100 ml. of warm water and 5 ml. of concentrated H2SO4. 
Warm on the steam bath a few minutes, just long enough to dissolve all soluble 
matter. Cool under a water tap and titrate at once with 0.1 N KMn04. 
Calculate the titration to percentages of FeO and FeSOi (and also the equiva- 
lent of Fe203). 

CalcvlolUms: 1 ml. 0.1 N KMn04 = 0.0072 gram FeO. 

= 0.0152 gram FeS04, 

=0.0080 gram FesO*. 
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Ferric Iron» — Pipette 100 ml. of solution A (equivalent to 5 grams of the 
sample) into a 250-ml. beaker, add a few drops of concentrated HNOa, cover 
with a watch glass, and boil a few minutes to oxidize the Fe, Add 5 ml. of 
concentrated HCI or about 1 gram of NH4CI. Then add slowly dilute NH4OH 
in slight excess. Boil until the odor of NHa is nearly but not quite gone, filter, 
and wash the residue thoroughly with hot water. Save the filtrate. Place 
the filter paper in a weighed platinum crucible; dry in an oven; smoke off the 
filter paper; ignite the residue over a Meker burner to constant weight; and 
calculate the percentage of Fe203'f- AI2O3. 

Add about 2 grams of KHSO4 to the residue in the crucible and fuse quietly 
over a gentle heat until the melt is clear. Dissolve the melt in warm water, 
dilute to about 100 ml., add 5 mi. of concentrated H2SO4, and pass the hot 
solution through a Jones reductor to reduce the Fe. Cool the reduced solution 
and titrate at once with 0.1 N KMn04. Calculate the percentage of total Fe in 
terms of Fe20s and subtract the amount of Fe203 equivalent to the FeO pre- 
viously determined. The difference is the ferric Fe in terms of FeaOg. (Calcu- 
late also the equivalent amount of Fe2(S04)3.) 

Calculaiions : 1 ml. 0,1 N KMn04 = 0.008 gram Fe203. 

Fe2O3X2.50 =Fe2(S04)3. 

Alumina. — Subtract the percentage of total Fe in terms of Fe203 from the 
percentage of mixed oxides, Fe203-f Ai203, and report the difference as Alumina, 
(Calculate also the equivalent amount of Al2(S04)3.) 

Calculation: AI2O3 X3.36 = Al2(S04)3. 

Lime. — Heat the filtrate from the Fe and A1 hydroxides to boiling and add 
2 ml. of concentrated NH4OH and 10 ml. of 4% (NH4)2C204 solution. Let 
stand one-half hour or until the precipitate settles clear. Filter and wash 
thoroughly with hot water. Char off the filter paper in a weighed platinum 
crucible and finally ignite to constant weight over a Meker burner. Cool in a 
desiccator and take the final weight rapidly. Calculate the weight to per- 
centage of CaO. (Calculate also the equivalent amount of CaS04.) 

Calculation: CaO X2.43 = CaS04. 

NoTE.—If preferred, instead of igniting the CaC304 to CaO and weighing, the CaC204 
may be titrated with 0. 1 N KMn04 as described in the method for Analysis of Limestone. 

Magnesia.— Acidify the filtrate from the lime determination with HCI, con- 
centrate to about 150 ml. and heat to boiling. Add 10 ml. of saturated 
NaNH4HP04 solution and boil for several minutes. Cool to room temperature 
and add NH4OH drop by drop with constant stirring until the crystalline pre- 
cipitate begins to form; then add a moderate excess and continue stirring for 
several minutes. Let stand in a cool place overnight and filter on a Gooch 
crucible, previously ignited and weighed. Wash with dilute NH4OH (1 : 10) 
containing a few drops of concentrated HNO3, ignite in a muffle, cool in a 
desiccator and weigh as Mg2P207. H a muflfle is not available, place the Gooch 
crucible in a larger platinum crucible and ignite directly over a flame. Do not 
use sufficient heat to fuse or melt the precipitate. Calculate to percentage of 
MgO. (Calculate also the equivalent amount of MgS04.) 
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C alcidations : Mg 2 P 2O 7 X 0 . 3 62 == MgO . 

MgaPsOrXl.OS =MgS04. 

Chromium Trioxide. — Pipette 100 ml. of solution A (equivalent to 5 grams) 
into an Erlenmeyer flask. Add 5 ml. of concentrated HCl and 10 ml. of 10% 
KI solution, and titrate the free iodine with 0.1 N Na2S203 solution. When 
the yellow-brown color has nearly disappeared, add a little starch indicator 
solution and continue the titration to the disappearance of the blue color. 
From the titration calculate the percentage of CrOa and of Na2Cr207. (Calcu- 
late also the equivalent amount of Na20.) 

Calculations: 1 ml, 0.1 N Na2S203 = 0.00333 gram CrOa. 

= 0.00437 gram Na2Cr207. 

= 0.00207 gram Na20. 

Total Soda. — (a) Chrome Salt Cake. — To 100 ml. of solution ^ in a 500-ml. 
beaker add 10 ml. of alcohol and 10-15 ml. of concentrated HCl and boil down 
to half volume to reduce the Cr and remove the bulk of the alcohol. To the 
hot solution add a slight excess of NH4OH and 10 ml. of 4% (NH4)2C204 
solution. Boil until the odor of NH3 is nearly gone ; let stand about 15 minutes ; 
filter and wash thoroughly with hot water, collecting the filtrate and washings 
in a 250-ml. volumetric flask. Discard the precipitate which contains the Al, 
Cr, Fe and Ca. Cool the solution, dilute to 250 ml. at 20® C., and mix thor- 
oughly. Call this solution B. 

Pipette 50 ml. of solution B (equivalent to 1 gram of the sample) into a 
weighed dish, preferably of platinum; evaporate to dryness on the steam bath; 
and ignite carefully to avoid spattering, gradually raising the heat until no 
more fumes of NH4-salts or SO3 come off. After cooling the residue moisten 
it with about 2 ml. of dilute H2SO4 and repeat the evaporation and ignition 
in order to convert any chloride to sulfate. Cool, moisten the residue with a 
freshly prepared, nearly saturated solution of (NH4)2C03 in water; again 
evaporate on the steam bath and ignite strongly over a Meker burner. Cool in 
a desiccator, weigh, and calculate to percentage. 

The residue is Na2S04+ MgS04. Subtract the percentage of MgS04, 
previously determined, and calculate the difference to NaaO. 

Calculation: Na2SO4X0.4364 — Xa20. 

(&) Ordinary Salt Cake. — In the absence of Cr, omit the preliminary boiling 
with alcohol. Heat 100 ml. of solution A to boiling; add 10 ml. of concentrated 
HCl, then a slight exces.s of NH4OH and 10 ml. of 4% (NH4) 2C2O4 solution ; and 
proceed as above. 

Sulfur Trioxide. — Pipette 25 ml, of solution B (equivalent to 0.5 gram of 
the sample) into a 400-ml. beaker. Add a drop or two of methyl red and then 
neutralize the solution carefully with very dilute NH4OH. To the neutral 
solution add 300 ml. of water and 2 ml. of dilute HCl (1 : 18), and heat to 
boiling. Add to the boiling solution 25 ml. of 10% BaCh solution, drop by 
drop from a pipette. Stir well and set aside overnight at room temperature, 
protected from fumes. Filter and wash with hot water until 25 ml. of the 
filtrate show not more than a slight opalescence with AgNOa solution. Place 
the filter and precipitate in a weighed platinum crucible and heat very slowly 
and carefully over a low flame to char the filter paper without allowing it to 
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catch fire. After completing the charring, igziite until white over an ordinary 
burner, with the crucible uncovered. Cool and moisten the precipitate with a 
few drops of dilute H2SO4. Heat very carefully to drive off the acid and finally 
ignite to constant weight, cooling between weighings in a desiccator. Calculate 
the weight of BaS04 to percentage of SO3. 

Calculation: BaS04X0.3430 = S03. 

Final Calculations. — From the total Na20 subtract the NagO equivalent 
to the NaCl and to the Na2Cr20T; calculate and report the remaining NajO 
as Na2S04. 

From the total SO3 subtract the SO3 equivalent to the Na2S04, Al2(S04)3, 
FeS04 and Fe2(S04)3; calculate and report any excess of SO3 as free H2SO4. 
(The SO3 equivalent of each of the sulfates is obtained by subtracting the cor- 
responding oxide percentage from the sulfate percentage; e.g., 1 . 52 % FeS04 
- 0 . 72 % FeO = 0 . 80 % SO3.) 

Form of Report. — It is suggested that the results of a complete analysis to 
be reported in the following form ; 

Per Cent 

Moi.sture, losvS at 100 “ C 

Insoluble in Water 

Acidity, calculated as H2S04 

Chloride, Cl 

Ferroas Oxide, FcO 

Ferric Oxide, Fe^Os 

Alumina, AI2O3 

Lime, CaO 

Magnesia, 

Chromium Trioxide, CrOs 

Sulfur Trioxide, SO3 

Combined as follows: 

Sodium Chloride, NaCl 

Sodium Bichromate, Na2Cr207 

Aluminum iSulfate, Al2(S04)3 

Ferrous Sulfate, FeSO* 

Ferric Sulfate, ^62(804)3 

Calcium Sulfate, CaS04 

Magnesium Sulfate, MgSO* 

Sodium Sulfate, Na2S04 

Free Sulfuric Acid, H2SO4 

Short Analysis 

Prepare the sample as previously described, except that it may be quartered 
down to about 25 grams before the final grinding. 

Acidity.— Weigh 5 grams into a 300 -ml, Erlenmeyer flask, add 100 ml. of 
hot water and heat until all soluble matter has dissolved. Cool under a water 
tap and pour into a 500 -ml. porcelain dish, using 100 ml. of water in small por- 
tions to rinse the flask and complete the transfer. ^ Add about 1 ml. of phenol- 
phthalein indicator and titrate to a pink color with 0.1 N NaOH. Calculate 
the titration to percentage of H2SO4 and report as Acidity, calculated as H2SO4. 

Calculation: 1 ml. 0.1 N NaOH -0.0049 gram H2S04. 

Sodium Chloride.— Follow the procedure previously described under Chlo- 
ride. Calculate the titration to percentage of NaCl, and also to the equivalent 
amount of Na2S04. 
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CalculcUion: NaCl X 1.215 — Na2S04. 

Sodium Bichromate. — If the material contains Cr, warm a 5-gram sample 
with 100 ml. of water in a 300-ml. Erlenmeyer flask until all soluble matter is 
dissolved, cool to room temperature and proceed as described previously under 
Chromium Trioxide. Calculate the percentage of Na2Cr207 and also the 
equivalent percentage of Na2S04. 

Calculation: Na 2 Cr 207 XO.542 = Na 2 S 04 . 

Sodium Sulfate. — Treat 5 grams of the sample in a 500-ml, beaker with 100 
ml. of hot water, 5 ml. of concentrated HCl and a few drops of concentrated 
HXO 3 , and stir until all soluble matter is dissolved. Boil a few minutes to 
oxidize the Fe. If the material contains Cr, add 10 ml. of alcohol and boil down 
to half volume. Then add a slight excess of NH4OH and 10 ml. of 4% 
(N 114)20204 solution and proceed as previously described under Total Soda. 
Calculate the percentage of the final residue, which contains all the Na as 
Na2S04 and all or part of the Mg as MgS04. (The latter is usually very small 
and is disregarded.) Subtract the Na2S04 equivalent of the NaCl and of the 
Na2Cr207, and report the difference as Sodium Sulfate. 


ANALYSIS OF ROSIN 

Rosin is the residue obtained after distilling off the volatile matter from 
turpentine gum. It is graded according to color. The higher the temperature 
to which the distillation is carried, the darker is the resulting product. The 
common commercial grades, in the order of their color, from the palest and 
best to the cheapest and darkest, are; X, WW, WG, N, M, K, I, H, G, F, E, 
D, and B. Grades G, F, and E are most frequently used in the paper industry. 
The acid number is generally considered the best index, in selecting rosin for 
making rosin size. Other tests which give valuable data for certain purposes 
are saponification number, unsaponifiable matter, toluol-insoluble matter, and 
ash. 

Sampling. — Rosin is usually received in wooden barrels of 500 pounds 
gross weight or metal drums containing a gross weight of 280 pounds. These 
containers are stripped off, leaving a solid block of rosin. The sample for 
test should be taken from approximately the center of the block. Ordinarily it 
is sufficient to sample two containera selected at random from a shipment. In 
cases of dispute the number of containers to be sampled shall be mutually 
agreed upon. The sample shall be reduced to laboratory size by crushing to 
pass a half-inch sieve, mixing and quartering. The final laboratory sample 
shall be prepared immediately before analysis and shall consist of approximately 
200 grains. It shall be ground to pass a No. 10 sieve, mixed thoroughly and 
placed in a wdde-mouthed bottle of such a size that it will be completely filled 
with the powdered rosin. 

Note. — A s rosin has a marked tendency to oxidize very rapidly, samples should be 
kept in lump form as much as possible. 

Color Grade. — To determine the color grade of rosin a set of standard cubes 

** T 621 m. Tentative Standard — Feb.' 19, 1934. Official Standard — April 15, 1935. 
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must be available. These may be obtained from D. C. Campbell, Jacksonville, 
Fla. ; also from Harris M. King, P. 0. Box 333, Savannah, Ga. 

Melt the rosin under examination and cast in a sheet iron mold to form a 
cube of the same dimensions as those in the standard set. Care must be taken 
to heat the rosin only just enough to pour, as overheating darkens the color. 
After the cube has solidified, compare it as to color with the standards by look- 
ing through the cubes in daylight toward a neutral sky (not blue). 

Acid Number. — Dissolve 3 grams of rosin by warming with about 100 ml. 
of alcohol which has previously been neutralized by adding a few drops of 
phenolphthalein solution and then 0.1 N NaOH until it is faintly pink. When 
the rosin has dissolved, titrate the solution to a pink color with 0.5 N NaOH, 
adding more phenolphthalein if necessary. Express the result in terms of 
milligrams of KOH (not NaOH) consumed per gram of rosin. This is the 
Acid Number. It is also sometimes customary to report the percentage of acid. 
This should be calculated as abietic acid. 

Calculation: 1 ml. 0.5 N NaOH = 28.06 mg. KOH = 0.1511 gram abietic acid. 

Saponification Number. — Weigh duplicate 2-gram portions of the powdered 
rosin into Erlenmeyer flasks of about 300-mI. capacity. Add to each 25 ml. of 
0.5 N alcoholic KOH solution. In a third flask place 25 ml. of the 0.5 N 
alcoholic KOH (as a blank determination). Connect the flasks to reflux con- 
densers and boil for 2 hours, swirling them from time to time to prevent the 
rosin from sticking to the sides of the flask above the liquor line. Cool and 
titrate the contents of each flask with 0.5 N HCl and phenolphthalein to the 
disappearance of the pink color. From the titration of the blank subtract the 
titration of each sample and report the number of milligrams of KOH consumed 
by 1 gram of the rosin as its Saponification Number. 

Calculation: 1 ml. 0.5 N KOH = 28.06 milligrams. 

Ester Number. — The ester number is the difference between the saponifica- 
tion number and the acid number, 

Unsaponifiable Matter.— (c) In Alcoholic Soiu/fon.— Saponify 5 grams of 
the sample by boiling for 2 hours under a reflux condenser with an excess (about 
50 ml.) of 0.5 N alcoholic KOH. Evaporate most of the alcohol, add about 
100 ml. of water and extract in a separatory funnel with 25 ml. of acid-free 
ether. Draw off the watery layer into a second separatory funnel, extract 
this with a second 25- ml. portion of acid-free ether and add the ether extract to 
that in the first funnel. Wash the combined ether extracts with two 25-ml. 
portions of water, adding the wash waters to the solution in the other funnel. 
Pour the washed ether extract into a weighed Soxhlet flask. Finally extract 
the water solution, a third time with 25 ml. of ether, first using the ether to rinse 
out the funnel which contained the ether extracts. Draw off the water layer 
into another separatory funnel and wash the third ether extract twice with 
water. Pour this washed ether extract into the flask containing the main ether 
extract. Distill off the ether and dry the flask and contents at not over 105^ C. 
to constant weight, cooUng in a desiccator before weighing. Calculate the 
percentage of unsaponifiable residue. , v , -v c 

(6) In Aqueous So/ufibn.— Saponify 5 grams of the sample by boiUng for 
4 hours under a reflux condenser with 1 gram of NajCOj dissolved in 50-75 ml. 
of water. Cool the solution and extract with acid-free ether as above. 
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Note. — The residue as determined in (a) represents the true unsaponifiable matter. 
The residue obtained in (6), however, represents more nearly the rosin which is unacted 
upon in determining the acid number and, since rosin size is made with soda ash, it is 
considered to be the unsaponifiable matter so far as size-making purposes are concerned. 

Ash. — Ignite 5 grams of the powdered rosin in a weighed platinum crucible 
to a white or light gray residue. Cool in a desiccator and weigh. Calculate to 
percentage. 

Toluol-Insoluble Matter (1). — The toluol-insoluble matter is a measure of 
foreign dirt — chiefly sand, chips, dirt and bark. In many cases the determina- 
tion of dirt is not necessary. Where it is important, the following method shall 
be used : 

Place 50 grams of the freshly powdered sample in a 300-ml. beaker, add 150 
ml. of toluol, free from water and non-volatile residue, and dissolve the sample 
with the aid of heat and occasional shaking. When no particles of rosin are 
visible, filter at once through a porcelain Gooch crucible which has been pre- 
viously prepared with a mat of pure, well washed asbestos, and has been finally 
washed thoroughly with the toluol, dried in the oven at 105° C. for 30 minutes, 
cooled in a desiccator, and weighed. If the rosin filtrate is not clear, return it 
through the crucible until clear, finally washing the residue and the outside of 
the crucible free from rosin with additional hot toluol. Dry the crucible and 
contents to constant weight in the oven at 105° to 110° C. (one hour usually 
suffices), cool in a desiccator, weigh, and calculate the percentage of toluol- 
insoluble matter. 
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POISONS 

THEIR DETECTION AND ESTIMATION 

With Special Reference to Organic Poisons ^ 

Samples for toxicological examination should be placed in clean glass jars, 
having airtight glass covers. The jars should be sealed, numbered and labeled, 
and the sealer should affix his initials. The portions of the body to be pre- 
served for the chemical examination are, as a rule, the stomach and contents, 
a portion or all of the intestinal tract, about one fourth of the liver, both 
kidneys, the spleen, the brain, the bladder contents, and occasionally the heart, 
lungs and a portion or all of the spinal cord. 

A preliminary examination should precede the analysis, noting the appear- 
ance, odor, color, and reaction to litmus of the samples. Opium, hydrocyanic 
acid, carbolic acid, chloroform, alcohol, nitrobenzole, benzaldehyde and nicotine 
may be suggested by the odor. 

Salts of copper, portions of insects, or certain arsenical preparations or other 
coloring matter may be suggested by the color. 

The lining of the stomach should be examined; corrosion may indicate 
caustic alkalies, acids, or other corrosive substances; a reddening of the lining 
may indicate cyanide; a “ toughened ” stomach lining may indicate mercury 

The color of the blood should be noted, red indicating possible hydrocyanic 
acid or carbon monoxide poisoning. 

The odor of such poisons as hydrocyanic acid and chloroform can often be 
detected better in the brain than any other portion of the body. 

All available information as to symptoms should be obtained and con- 
sidered since this information will usually point to a particular clap of poison 
or even to a particular poison. Thus the work of the identification may be 
Ie.ssened and, what is more important, valuable and unreplaceable material will 
not be wasted in useless tests. It is usually safe to assume that but one poison 
is present. However, a quantity of a poi.son insufficient to cause death may be 
found, in which case the examination should be continued. 

Food materials suspected of containing poisons may be examined by the 
methods given but it is well to remember that k cases of intentional poisoning 
the quantity of poison is usually large and the analyst should not be misled by 
finding traces, as of arsenic, for instance, which might easily occur in a food 
material due to the very common practice of , using arsenical spray on fruits and 
vegetables. 

1 By Arthur R. Maas, Professor of Pharmacy and Toxicology, University of Southern 
CaUfomia. 
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Classification of Poisons 

Nearly all of the common poisons may be placed in one of three groups: 
Group I. Poisons volatilized without decomposition by distillation with steam 
from an acid solution. 

Group n. Organic poisons. Most of the poisons in this group can be sepa- 
rated from extraneous matter by treatment with hot alcohol containing 
tartaric acid. Alkaloids, glucosides, bitter principles and many organic 
compounds come in this group. 

Group in. All poisonous metals. 

Note. Caustic alkalies, mineral acids, and a few special poisons such as oxalic acid 
do not adapt themselves to the above scheme and will have to be treated separately. 

General Procedure 


Organs of the human body should first be weighed and then a representative 
weighed sample reduced to a finely divided mass (a clean small meat grinder 
answers nicely for this purpose). 

It is advisable always to preserve a portion of the material in its original 
form for possible further examination. 

About one tenth of the thoroughly mixed material is used in testing for 
each one of the three groups, the balance being reserved for checking. If only 
a small amount of the original material is available, tests for all three groups of 
poisons may be made with the same portion. In this case, after removal of 
volatile poisons, the residue should be divided into two unequal portions, the 
larger being used for non-volatile organic poisons and the smaller, together 
with the residue from the non-volatile organic, for metallic poisons. 

Blank tests should be run upon all reagents used and the chemist should 
familiarize himself with the various tests before applying them to the unknown. 
At least three confirmatory tests, different in character, should be applied to the 
unknown substance before the presence of a poison can be definitely established. 
Whenever possible these confirmatory tests should include form, color, odor or 
taste. 

Group I 


Place some distilled water in a clean round-bottomed flask connected with 
a Liebig condenser. Distil about 10 ml. and test distillate with silver nitrate 
solution. Absence of a precipitate indicates that the apparatus is clean. 
Next pour out the distilled water and transfer a weighed portion of the finely 
divided and thoroughly mixed material to the flask, adding enough distilled 
water for free distillation. Then add tartaric acid solution gradually until the 
mixture is acid after thorough shaking. The distillate should be received in a 
teat tube in which a little distilled water has been placed. The distillate may 
contain : 


Yellow Phosphorus 
Hydrocyanic Acid 
Chloroform 
Ethyl Alcohol 
Methyl Alcohol 
Acetone 
Iodoform 
Nitrobenzene 


Carbolic Acid 
Aniline 

Chloral Hydrate 
Carbon Disulfide 
Benzaldehyde 
Amyl Nitrite 
Amyl Alcohol 
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Collect the distillate in several portions. Test the first portion of 5-10 mL 
for hydrocyanic acid, chloroform, ethyl alcohol, methyl alcohol, acetone, 
iodoform and nitrobenzene. The other portions of 10-20 ml. will contain the 
less volatile substances, carbolic acid, etc. Observe the reaction of the dis- 
tillate; if acid, test for hydrocyanic acid. Observe the odor of the distillate. 
A number of the above substances have characteristic odors. When there is 
reason to believe that a certain substance is present, confirm the results by 
making other characteristic tests. It is seldom necessary to test for all members 
of the group. Test a portion of the first distillate with silver nitrate T. S. 
Failure to obtain a precipitate eliminates hydrocyanic acid. 

Yellow Phosphokus 
Average dose, 1/120 grain. 

Lethal dose, 1/8 to grains.^ 

Preliminary Test: (Sherer’s Test.) — Place the finely divided material in 
a small flask and cover with water if necessary. Suspend in the neck of the 
flask by means of a cork with a V-shaped slit two prepared strips of filter paper 
in such a manner as to avoid touching the sides of the flask. One strip is 
moistened with AgNOs solution and the other with a solution prepared by 
adding an excess of NaOH solution to a solution of a lead salt. Warm the 
flask gently to 40°-50® C. on a water bath. If both strips darken, phosphorus 
may be present together with H 2 S. If the AgNOa strip darkens and the Pb 
strip does not, phosphorus may be present. If neither strip darkens, phosphorus 
is not present. In case there is an indication of phosphorus, proceed as follows ; 

Make a separate portion of the finely divided material quite liquid with 
water to which a little H2SO4 has been, added to neutralize any NH 3 present. 
Transfer to a flask or retort fitted with a long condenser terminating in a 
receiver containing a dilute solution of AgNOs. The distillation is carried out 
in a darkened room. Phosphorus may be detected by a phosphorescent ring 
at the point where the vapors are condensing. Care must be taken to avoid 
reflections of light which may be taken for phosphorescence. If a distinct 
phosphorescence is observed, it is positive proof that elementary phosphorus is 
present, but the absence of phosphorescence is not a good negative test, as 
many substances like alcohol, oil of turpentine, HaS, etc., may entirely prevent 
this indication. If the preliminary test is positive and no indication is obtained 
on distillation, more complete works like Autenrieth or Witthaus should be 
consulted for further tests which include elementary phosphorus, phosphorous, 
and hypophosphorous acids. 


Hyduocyanic Acid 


Average dose of 2 % U, S. P. acid, VA minims. 
Lethal dose of 2 % U. S. P. acid, 40 minims. ^ 
Lethal dose of anhydrous acid, 6/10 to 9/10 gram. 


» Where doses are given, it means average addt doses. The ^eth^ do^ pven repre- 
sents the amount that would under average conditions probably be fatal to an adult. 
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In testing for hydrocyanic acid examine the brain, the contents of the 
stomach and intestines, and organs rich in blood such as the liver, and heart. 
Examination should be made as soon as possible, as hydrocyanic acid rapidly 
disappears through volatilization and combination with sulfur of proteins 
during putrefaction forming sulfocyanates. 

Note cautiously the odor of the material as well as the odor of the distillate. 
Hydrocyanic acid has a characteristic “ peach kernel ’’ odor. 

Apply the following tests : 

1. Schonhein-Pagenslechtrr Test 

In ease of suspected cyanide poisoning this test should precede the distilla- 
tion. A small quantity (15 grams) of the finely divided material is placed in a 
small flask together with enough tartaric acid solution to moisten it thoroughly 
and a piece of guaiac-copper “ paper ” ^ is suspended in the neck of the flask 
in such a manner as not to touch the liquid. The flask and contents are then 
gently wanned on the water bath. If the paper is not turned blue or bluish 
green, it is positive proof that neither IICN nor a readily decomposed cyanide is 
present. A positive test means only that HCN or cyanide maij be present as 
many substances such as Cl, HCl, NHs and HNO3 produce this same change in 
color. 


2. Prussian Blue Test ^ 

To a small portion (3 ml.) of the distillate in a test tube add a few drops of 
KOH solution, then 1 or 2 drops of a FeSOi solution and 1 drop of a FeCU 
solution. Shake and warm gently. Acidify with dilute HCl. If cyanide is 
present in quantity a precipitate of Prussian blue will appear immediately, but 
if present only in traces the solution will acquire a blue or bluish green color 
which on standing 10 to 24 hours will throw down a flocculent precipitate of 
Prussian blue. The maximum sensitivity of this reaction is 1 : 5,000,000. 

Since formaldehyde is the principal ingredient of most embalming fluids, the 
Prussian blue test cannot be relied upon as a negative test when working with 
embalmed tissues. 


3. Sulfocyanate Test 

To another portion of the distillate in a small evaporating dish add 2 or 3 
drops of KOH solution, enough yellow ammonium sulfide to color the solution 
yellow and evaporate to dryness on the steam bath. Dissolve in a few drops 
of water and acidify with a little dilute HCl. Filter through a double filter 
paper into another small evaporating dish. Add 2 or 3 drops of dilute FeCh 
solution. If HCN is present in the distillate, a reddish to blood-red color 
will appear, which is discharged upon the addition of a few drops of HgCh 
solution. The color so produced is due to ferric sulfocyanate. The maximum 

* “Gnaiac-copper” paper is prepared by saturating strips of filter paper with a 

freshly prepared 10% alcoholic tincture of resin of guaiac, drying and, just before asing, 
moistening with a 1 to 1000 solution. 

* The author has found that hydrocyanic acid fails to respond to this test in the 
presence of formaldehyde, due probably to the following reaction: 

HCOH-HHCN - HOCHjCN. 
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sensitivity of this test is 1 : 4,000,000 and is not affected by the presence of 
formaldehyde. 

4. Silver Nitrate Test 

Acidify 1 ml. of the distillate with dilute HNO3 in a small test tube and add 
2 or 3 drops of AgNOg sloution. If HCN is present, a white curdy precipitate 
resembling that of AgCl is produced which dissolves in NH4OH. This reaction 
cannot be due to HCl because when a very dilute solution of HCI is distilled 
HCl is not found in the distillate. The maximum sensitivity of this test is 
1 : 250,000. 

5. Silver Cyanide Crystal Test 

Acidify 1 ml. of the distillate with dilute HNO3 in a small test tube. Place 
a drop of dilute AgNOa on a microscope slide and carefully invert the drop over 
the center of the tube so as to avoid touching the side of the tube. Allow to 
stand for 15 to 20 minutes, then cover with a coverglass and examine under the 
microscope, using a power of from 50 to 100 diameters. If HCN is present, 
characteristic crystals of AgCN will appear under the microscope. (See Fig. 
283.) 

G. Detection of Hydrocyanic Acid in the Presence of Potassinm Ferrocyanide 

Should the material contain potassium ferrocyanide (whicli is not a poison), 
the ordinary tartaric acid distillation will show the presence of HCN even 
though there is none present before distillation. Therefore, in medico-legal 
cases where cyanide is found it is well to test the original material for potassium 
ferrocyanide as follows : 

Shake a small portion with water, filter and test with FeCh and dilute HCl 
for the Prussian blue reaction. If there is an indication of a ferrocyanide, distil 
a fresh portion of the material with an excess of NaHCOa and repeat the tests 
for cyanides. 

7, Detection of Mercuric Cyanide 

In cases of suspected mercuric cyanide poisoning a few ml. of a freshly 
prepared saturated aqueous solution of ICS should be added to the contents of 
the flask and distillation continued. If mercuric cyanide is present, HCN will 
be found in this second distillation. This step is made necessary because 
mercuric cyanide in dilute solution is not decomposed by either tartaric acid or 
sodium bicarbonate. 


8. Estimation of Hydrocyanic Acid 

When HCN is found, it is always well to determine as accurately as possible 
the amount present. 

Acidify a weighed portion of the material with sulfuric or tartaric acid and 
distil into dilute NaOII free from chlorides. Determine the cyanide in the 
distillate by a good volumetric method.^ If chlorides are present in the dis- 
tillate, they may be removed by one redistillation over borax. 
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Chloroform 

Average dose, 5 minims, 

Ivethal dose by inhalation, from 15 drops up. 

Lethal dose by mouth, 2 to 8 drachms. 

Distribution: When inhaled, chloroform passes from the air into the blood- 
plasma, then to the red blood corpuscles. It can often be found in the brain, 

Pkenylisocyanide Test 

To a small portion of the distillate add 1-2 drops of aniline oil and a few ml. 
of KOH solution and heat gently. If chloroform is present, the offensive, 
characteristic odor of phenyhso cyanide is produced. This test is sensitive to 1 
in 5000. This odor is produced by other substances such as chloral and chloral 
hydrate and for this reason other tests should be applied. 

Schwarz^s Resorcinol Test 

To 2 ml. of a 5% solution of resorcinol add a few drops of NaOH solution and 
a small portion of the distillate and heat to boiling. If chloroform is present 
even in small quantity, a yellowish red color is produced. Chloral, bromal, 
bromoform, and iodoform also give this test. 

Nicloux's Method iQuantitative) 

To 20 ml. of blood or other aqueous liquid add about 95 ml. of alcohol and 
5 ml. of a 5% solution of tartaric acid in alcohol. Distil 40 ml. into 10 ml. of 
alcohol, using a condenser with an adapter dipping beneath the surface of the 
alcohol so that none of the chloroform may be lost. To the distillate add 10 ml. 
of a 10% alcoholic solution of KOH (free from chlorides) and boil under a 
reflux condenser for 30 minutes, cool, add 15 ml. of distilled water, neutralize to 
phenolphthalein with dilute H 2 S 04 , add a few drops of neutral potassium 
chromate solution and titrate with standard silver nitrate solution. 

SCl^lCHCU; CHChd- 4KOH - HCOOK + 3KC1 4" H^O. 

Ethyl Alcohol 

Lethal dose, 33^ to 7 fluid ounces. 

Distribution: Ethyl alcohol may be found in the brain, liver and blood. 

Detection 

1, Lieben^s Iodoform Test 

Warm a small portion of the first distillate to 40® or 50® C. Add 1~2 ml. of 
an aqueous iodo-potassium iodide solution and enough KOH solution to give a 
distinct yellow to brownish color. If alcohol is present, a yellowish white to 
lemon yeUow precipitate of iodoform is formed. If the solution is very dilute, 
some time may be required to form the precipitate. When formed slowly the 
crystals may be identified under the microscope. This test is very delicate but 
is not characteristic of ethyl alcohol because other primary alcohols (except 
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methyl alcohol) and many secondary alcohols produce this reaction. (See 
Fig. 281.) 

2. Chromic Acid Test 

Warm a small portion of the distillate with dilute H2SO4 or HCl and add 
1-2 drops of a very dilute K2Cr207 solution. The color of the liquid will change 
from red to green and give off the odor of acetaldehyde. Many other volatile 
organic compounds react in this manner. 

3. Ethyl Acetate Test 

Mix a small portion of the distillate with an equal volume of concentrated 
H2SO4. Add a very small quantity of anhydrous sodium acetate and heat. 
The odor of ethyl acetate is produced if alcohol is present. 

4. VitaWs Test 

Thoroughly mix a small portion of the distillate in a glass dish with a small 
piece of solid KOH and 2 or 3 drops of CS2. Let stand a short time without 
warming. When most of the CS2 has evaporated add a drop of ammonium 
molybdate solution and then an excess of dilute H2SO4. A red color is produced 
if alcohol is present. Acetone and acetaldehyde will produce a similar color. 
A 5% solution of alcohol gives this test distinctly. 

Methyl Alcohol (Wood Alcohol) 

Fatal dose, 1 fluid ounce. 

Methyl alcohol is found in methylated spirit, which contains 10 parts 
methyl alcohol and 90 parts ethyl alcohol. It is also found in some other forms 
of denatured alcohol. It may poison either from external application or in- 
ternal administration. One teaspoonful has produced blindness and one ounce 
death. 


Detection 

To 5 ml. of the first distillate add 1 ml. of 25% HsS04 and 4 ml. of N/5 
KMnO*; allow to stand 10 minutes and filter. (Decolorize with H2SO3 if 
necessary.) To 5 ml. of the filtrate add 1 drop FeCU solution and about 5 ml. 
milk. Underlay this mixture with concentrated H2SO4. A violet ring at line 
of contact indicates formaldehyde (oxidation product of methyl alcohol). 

To the balance of the filtrate (5 ml.) add 8 drops of an aqueous solution of 
resorcinol (1-200) and then carefully pour this upon 5 ml. of concentrated 
sulfuric acid contained in a test tube in such a manner that the two liquids do 
not mix. After standing for three minutes a rose-red ring at line of contact 
indicates formaldehyde (oxidation product of methyl alcohol). 

Carbolic Acid (Phenol) 

Average dose, 1 grain. 

Fatal dose, 1-4 drachms. 

DisiribtUion: Carbolic acid is very rapidly absorbed by the skin and gastro- 
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intestinal tract and appears in the liver, stomach, blood, kidneys, brain and 
urine in a very short time after taking. 

1. If present in quantity, this acid may be recognized by its odor. 

2. MillorCs 

Heat 1 ml. of the distillate with a few drops of Millon’s Reagent. (See 
Special Reagents.) If carbolic acid is present even in minute quantity, a dis- 
tinct red color is produced. The absence of this color is an excellent indication 
of the absence of phenol but other substances such as the three cresols and 
salicylic acid may produce this color and for this reason other tests should be 
applied if this test is positive. 

3, Bromine Test 

To 1 ml. of the distillate add 1 or 2 drops of freshly prepared saturated 
bromine water. If phenol is present in quantity a yellowish white precipitate 
is immediately thrown down, but if highly diluted some time may he required. 
The precipitate should be examined under the microscope for characteristic 
crystals of tribromphenol. (See Fig. 282.) 

Phenol in a dilution of 1 : 50,000 yields on standing a precipitate containing 
some of the characteristic crystals. 

Substances like salicylic aldehyde and salicylic acid also produce this pre- 
cipitate and other tests should, therefore, be applied. 

4. Ferric Chloride Test 

To a small portion of the distillate add a very dilute solution of FeCh drop 
by drop. If phenol is present to the extent of 1 : 1000, a blue-violet color is pro- 
duced. Dilute HCl and H2SO 4 change the color to yellow. This test is entirely 
negative in the presence of mineral acids. 

0. Hypochlorite Test 

Add a little NH40II to a small portion of the distillate and then 2-3 drops of 
freshly prepared solution of calcium or sodium hypochlorite and warm. If 
phenol is present in quantity a blue color is produced, but if very dilute only 
green or blue-green color appears. The maximum sensitivity of this reaction 
is 1 : 1000. 


6. Nitrite Test 

To a small portion of the distillate add a few drops of a dilute alcoholic solu- 
tion of ethyl nitrite and underlay the mixture in a test tube with concentrated 
H2SO4. If phenol is present, a red zone will appear at the point of contact of the 
two liquids. The maximum sensitivity of this reaction is 1 : 10,000. 

7. Quantitative Estiynaiion of Phenol 

For the quantitative estimation of phenol the analyst is referred to the 
Beckurts-Koppeschaar Volumetric Method as described in Autenrieth-Warren, 
“ The Detection of Poisons and Powerful Drugs, page 31. 
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Chloral Hydrate 

Average dose, 8 grains. 

Fatal dose, 3^ to 2 drachms. 

Distribution: Chloral hydrate may be found in the stomach, blood, brain 
and spinal cord. 

Detection 

Chloral hydrate gives the phenylisocyanide and resorcinol test for chloro- 
form but the distillate does not have the characteristic odor of chloroform. 

Add a few drops of Nessler's solution to a small quantity of the second dis- 
tillate and shake. If chloral hydrate is present, a yellowish red precipitate is 
produced which on standing changes to dirty yellowish green. Formaldehyde 
gives a brownish precipitate with this reagent. Boil a small portion of the dis- 
tillate with 0.2-0. 3 g. solid sodium thiosulfate. If chloral hydrate is present, a 
turbid liquid of brick red color is produced. A few drops of KOH solution will 
remove the turbidity and change the color to browmish red. 

Decovi'posiiion of Chloral Hydrate 

Heat a small portion of the distillate with calcined MgO for 30 minutes on 
the steam bath with a reflux condenser. The chloral hydrate is decomposed 
into magnesium formate and chloroform. Test as follow^s: 

Distil a few ml. of the decomposed liquid and test the distillate for chloro- 
form. Filter the residue, concentrate to a small bulk and divide into two parts. 
To one part add 1-2 drops of HgCU solution and w^arm. Formic acid reduces 
HgCl 2 to HgCl, producing a wliite precipitate. To the other part add 2-3 drops 
of AgXOs solution and w’artn. Formic acid reduces AgNOa to metallic silver, 
depositing a mirror on the test tube. 

Group 11 

Alkaloids, Glucosides axd Other Organic Compounds 

Alkaloids form salts with tartaric acid insoluble in ether and chloroform but 
soluble in alcohol and water. These alkaloidal salts are decomposed by alkalies 
liberating the alkaloid which is insoluble in water, but soluble in ether or chloro- 
form. The above is the principle by w’hich alkaloids are separated from 
foreign material. 

Method of Analysis 

The substance is finely hashed, if solid, and then treated with several vol- 
umes of purified alcohol ^ and made slightly acid with tartaric acid. The 
mixture is placed in a flask and heated under a reflux condenser for about 30 
minutes. After cooling it is filtered and the residue washed with purified 
alcohol. The alcoholic extract is evaporated on a water bath to the consistence 
of a syrup. From 3 to 4 volumes of purified alcohol are then gradually stirred 
in, the solution allowed to stand an hour or more, filtered and carefully evapo- 

* The alcohol used should be purified by treating it with about 0.1% of tartaric acid, 
allowing to stand 24 hours and tlien distilling. 
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rated on a water bath to a thin syrup. This syrup is now treated with about 
50 ml, of distilled water and filtered. 

Note. — I f croton oil or nitroglycerine are suspected, they should be looked for in the 
residue insoluble in water. 


The filtered aqueous acid solution should be placed in a separatory funnel 
and extracted ^vith ether, and the extractions repeated until the ether on evapo- 
ration gives no residue. 

Unite the ether extractions, wash once with a small quantity of water, filter 
through dry paper and evaporate. The residue may contain: 


Fats and Oils 

Ptomaines 

Picrotoxin 

Colchicine 

Picric Acid 

Menthol 

Camphor 

Phenol 

Cresol 

Thymol 


Acetanilid 

Phenscetine 

Chloretone 

Brometone 

Essential Oils 

Cantharidin 

Caffeine 


Antipyrine 
Salicylic Acid 
Benzoic Acid 
Veronal 
Trional 
Sulfonal 


Note the general appearance and taste of the residue. If bitter, test for 
picrotoxin and colchicine. Veronal and trional have a bitter taste and give 
characteristic crystals. Sulfonal is tasteless and gives prismatic crystals. 

The aqueous liquid is next rendered slightly alkaline with NaOH and ex- 
tracted with ether as before. 

The extracted substances from which the solvent has been evaporated should 
be weighed so as to determine the amount present. If material so recovered 
is crystalline, the weight may be taken as representing the actual amount 
present. If not crystalline, the extract may be purified in most cases by dis- 
solving in dilute acid, making the solution alkaline as before and re-extracting 
with the volatile solvent. 

The residue from the evaporation of the ether may contain any of the follow- 
ing substances: 


Ptomaines 

Atropine 

Codeine 

Antipyrine 

Coniine 

Hyoscyamine 

Narcotine 

Quinine 

Nicotine 

Scopolamine 

Pilocarpine 

Caffeine 

Aniline 

Cocaine 

Sanguinarine 


Toluidine 

Physostigmine 

Berberine 


Veratrine 

Brucine 



Strychnine 

Hydrastine 




Carefully acidify the aqueous alkaline residue remaining from the preceding 
ether extraction with dilute HCl and then make alkaline with dilute NH^OH, 
using litmus paper for both tests. Extract repeatedly with hot chloroform 
containing 10% by volume of alcohol. 



POISONS 


1953 


The residue from the evaporation of the chloroform may contain: 

Morphine 
Apo morphine 
Narceine 

Acetanilid 

Dose, 2-10 grains. 

Lethal dose, 60 grains has proven fatal, less is dangerous to a person with a 
weak heart, 

Pkenylisocyanide Test 

Dissolve a small portion of the residue in 5-^ ml, of a boiling solution of 
alcoholic potash. Cool, add 2 or 3 drops of chloroform and again heat. If 
acetanilid is present, the offensive odor of phenyliso cyanide is produced. The 
alcoholic potash decomposes acetanilid into aniline and potassium acetate. 
The former with chloroform gives phenylisocyanide. 

Bichromate-Sxdfuric Acid Test 

To a small portion of the residue add 1-2 drops of concentrated H 3 SO 4 con- 
taining a little K 2 Cr 207 . Acetanilid produces a red color changing to brown and 
finally dirty green. 

Veronal 

Dose, 8 to 15 grains. 

Lethal dose, 120 grains has proven fatal. 

Distribution.' Veronal should be looked for in the stomach and bladder 
contents. 



Fig. 275. — Atropine 1 : 500. With 
Wagner’s Reagent, 


Fig. 276.— Cocaine I : 1000. With 
Gold Chloride, 
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Fia. 283. — Silver Cyanide Crystals. 



Fig. 284. — Morphine Crystals. 


Purification and Detection 

Dissolve a portion of the residue from the acid ether extraction in the 
smallest possible quantity of hot water. If colored, decolorize by boiling a few 
minutes with animal charcoal, filter hot and allow the solution to cool. If no 
crystals are deposited, evaporate further and cool. Make the following tests 
on any pure crystals obtained; 

Dissolve a few crystals in a few drops of water and test with sensitive litmus 
paper. An aqueous solution of veronal has a faintly acid reaction. 

Dissolve a few crystals in a few drops of dilute NaOH solution and acidify 
the clear solution with dilute HCl. Veronal is precipitated. 

Determine the melting point on a few of the crystals. Pure veronal melts 
between 188° and 189° C. 

IVIix a few of the crystals with a few crystals of pure veronal and determine 
the melting point of the mixture. The mixture should have the same melting 
point as the unknown if the unknown is pure veronal. Carefully sublime a 
number of the crystals in a dry test tube and compare with crystals known to 
be pure veronal. A low power microscope is used for this purpose. Fuse some 
of the crystals with metallic sodium in a dry test tube. Cool, dissolve carefully 
in water and test for sodium cyanide by the methods given on pages 1945-1947. 
Veronal contains nitrogen which reacts to form sodium cyanide. 

Extraction of Veronal from the Bladder Contents 

Evaporate a considerable quantity of the urine on the steam bath to 1/5 its 
volume and extract several times with ether, using a large volume for each 
extraction because veronal is not very soluble in this solvent. Evaporate the 
extract and proceed with the residue as directed under “Purification and 
Detection given above. 

Nicotine 

Dose, 1/20 to 1/10 grain. 

Lethal dose, 2-3 drops pure alkaloid. 



1956 


POISONS 


Disiribvtion 

Nicotine should be sought in the stomach, lungs and liver. 

Detection 

If present in large quantities, nicotine may be detected by its odor. If nico- 
tine is suspected, the ether extract from NaOH solution should be evaporated 
without heat. If nicotine is present, oily drops of a colorless or yellowish liquid 
which reddens phenolphthalein and has a peculiar odor somewhat resembling 
stale tobacco smoke will remain in the residue. If exposed to the light, the oil 
becomes yellow or brown, thicker and finally resinous. If heated, it volatilizes 
completely, giving off white fumes. 

If a drop of HCl be placed on a watch glass and inverted over a similar watch 
glass containing nicotine alkaloid, a white cloud is produced which is, however, 
not so dense as that produced by coniine under like conditions and no crystals 
are produced as with coniine. 

Place a drop of an aqueous extract of the oily residue on a microscope slide, 
add a drop of a solution of gold chloride, let stand for several minutes and 
examine under the microscope. If nicotine is present, small characteristic 
crystals will appear upon standing. 


Quinine 
Dose 15 grains. 

Detection 
Fluorescence Test 

Dissolve a portion of the residue in a little dilute sulphuric acid. If quinine 
is present, this solution will exhibit a vivid blue fluorescence. 

Thalleioquin Test 

Dissolve a portion of the residue in a few drops of very dilute acetic acid 
and add few drops of saturated chlorine or bromine water and follow with 
excess of ammonium hydroxide. The liquid acquires an emerald-green color. 

Herapaihite Test 

To a small portion of the residue add 20 drops of an acid mixture (30 drops 
of acetic acid, 20 drops of absolute ethyl alcohol and 1 drop of dilute sulphuric 
acid) and heat to boiling. Finally add 1 drop of an alcoholic solution of 
iodine (1 : 10) . When the solution has stood for a few minutes, green leaflets 
with a metallic luster will form. 


Strychnine 

Dose, 1/60 to 1/12 grain. 

Minimum lethal dose for an adult, 3^ grain. 


DUtribution 

Strychnine should be looked for in the stomach and contents and organs rich 
in blood such as the liver and heart. 



POISONS 


1957 


Detection 

Strychnine has a very bitter taste and may be detected even in a dilution of 
one in 700, 0(X) by the taste. 


Bloxam’s Test 

Add 1-2 drops concentrated HNO 3 to a portion of the solid residue in a por- 
celain dish and gently warm. On adding a small crystal of KCIO3, a scarlet 
color is produced if strychnine is present. NH4OH changes the color to brown 
and a brown precipitate falls. On evaporating slowly to dryness, a dark green 
residue is left. This residue is soluble in water, forming a green solution which is 
changed to orange-brown by KOH and green again by HNO3. This reaction 
distinguishes strychnine from any of the alkaloids commonly occurring in cases 
of poisoning. 

Bichromate Test 

Place a drop of an acid extraction of the residue on a microscope slide and 
add a drop of a dilute solution of K 2 Cr 207 . Let stand for a few minutes and 
examine under the microscope. If strychnine is present, characteristic crystals 
will be found. Dry the crystals and add a drop of concentrated H 2 SO 4 , holding 
the slide over a white surface. A deep blue color which changes through deep 
violet, purplish red, orange to yellow is produced if strychnine is present. 

Note. — A mixture of hydrastine and morphine causes this same color reaction but 
this mixture is not possible if the extractioas have been properly carried out. 

Sulfocyanate Test 

Place a few drops of the acid extraction on a microscope slide and add a drop 
of a dilute solution of ammonium sulfocyanate. Strychnine sulfocyanate 
produces characteristic needle-shaped crystals. 

Brucine 

Dose, 1/12 to Yi grain. 

Detection 

Dissolve a small quantity of the residue in 1 or 2 drops of concentrated 
HNO 3 . If brucine is present, a blood red color will appear, which soon changes 
to yellowish red and finally to yellow. Add a few drops of a freshly prepared 
dilute solution of stannous chloride to the yeUowish red or yellow solution. An 
intense violet color will appear. Heat usually changes this color to yellowish 
red but more stannous chloride solution restores the violet color. 

Dissolve a small portion of the residue in 2 drops of dilute HCl. Place a 
drop of this solution on a microscope slide and add a drop of platinum chloride 
solution. If brucine is present, characteristic rod-like crystals separate and may 
be compared under the microscope with those produced in a solution of brucine. 
These crystals are formed in solutions as dilute as 1 to 20,000. The best 
crystals are obtained from the more dilute solutions. 
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Atropine 

Dose, 1/120 to 1/60 grain. 

Lethal dose, 1/20 grain. Much larger doses have been followed by recovery. 

Detection 
Vitaliis Test 

Dissolve a small portion of the dry residue from the ether extraction of solu- 
tion made alkaline with NaOH in a few drops of fuming HNO3 and evaporate 
to dryness on the steam bath. Cool and moisten the yellowish residue with a 
few drops of a 4% solution of KOH in absolute alcohol. If atropine is present, 
an evanescent violet color will appear. This color reaction is also obtained with 
hyoscyamine, scopolamine, strychnine and veratrine, and therefore other tests 
should be applied. 

Physiological Test 

Dissolve a small portion of the residue in a few drops of very dilute H2SO4 
and place a drop of this solution in a dog’s or cat’s eye. If atropine is present, 
a noticeable enlargement of the pupil will be observed. (Note: Great care 
must be exercised if this test is applied to the human eye.) One drop of a 
1 : 130,000 solution of atropine will produce this enlargement. 

Dissolve a small portion of the residue in 2 drops of dilute H2SO4. Place a 
drop of this solutiou on a microscope slide and add a drop of Wagner’s Reagent. 
If atropine is present, an amorphous precipitate appears and slowly forms 
numbers of small characteristic crystals which may be observed under the 
microscope. This test is sensitive to 1 in 8000. 

Cocaine 

Dose, 1/8 to 1 grain. 

Lethal dose, 15 grains. 

Detection 

The material should be examined for cocaine as soon as possible because 
cocaine undergoes changes in the viscera which are said to change it rapidly into 
eegonine. 

Dissolve a small portion of the residue in water and touch it to the tongue. 
Cocaine produces a temporary anesthesia. 

To a small portion of the residue in a porcelain dish add a few drops of 
strong HNO3 and evaporate carefully to dryness. Treat the residue with a few 
drops of alcoholic potash and warm. If cocaine is present, a characteristic 
sweet odor will be given off. 

Dissolve a small portion of the residue in 1 or 2 drops of dilute HCL Place 
a drop on a microscope slide and add a drop of gold chloride solution. Cocaine 
produces after a short time very characteristic crystals, the form depending on 
the dilution. This test is sensitive 1 : 20,000. 

Codeine 

Dose, to 1 grain. 

Lethal dose, 5 grains. Much larger doses have been recovered from. 
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Detection 
Nitric Add Test 

To a small portion of the residue in a porcelain dish add a few drops of a cold 
25% solution of nitric acifl. Codeine produces a yellow color which soon 
changes to red. Concentrated nitric acid produces a reddish brown color. 

Frochde^s Test 

To a small portion of the residue in a porcelain dish add a few drops of 
Froehde’s Reagent (see Special Reagents) and warm very gently over a very 
small flame. Codeine produces a yellowish color which soon changes to green 
and finally to blue. 

Formaldehyde-SulfuriG Add Test 

To a small portion of the residue in a small porcelain dish add a few drops 
of concentrated sulfuric acid to which has been added a trace of formaldehyde. 
Codeine produces a reddish violet color which changes to blue- violet, 

Marme's Reagent Test 

Dissolve a small portion of the residue in 2 drops of dilute H2SO4. Place a 
drop of this solution on a microscope slide and add a drop of Marme’s Reagent 
(see Special Reagents) . Characteristic crystals soon begin to form in solution 
of codeine as dilute as 1 : 2000 and may be observed under the microscope. 

Caffeine 
Dose 3 grains. 

Detection 

Murexide Reaction 

Treat small portion of the residue in a porcelain dish with a few drops of 
strong hydrochloric acid and a minute crystal of potassium chlorate, and 
evaporate the liquid to dryness on the water bath. When cold invert the dish 
over a vessel containing a few drops of ammonia when a characteristic purple 
coloration is produced. 

Theobromine and xanthine give similar reactions to caffeine with an oxidiz- 
ing agent and ammonia. The purple colorations due to caffeine and theo- 
bromine are decolorized by adding alkali hydroxide solution, but that due to 
uric acid is changed to blue. 

Reaction to j.ilkaloidal Reagents 

Caflfeine is very imperfectly precipitated by the usual alkaloidal reagents. 
No reactions result with neutral iodized potassium iodide and Mayer’s solution, 
which behavior distinguishes caffeine from nearly all other alkaloids except 
theobromine and colchicine. From an acid solution however caffeine is 
quantitatively precipitated by a solution of iodine and potassium iodide. 
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Narcotinb 
Pose, 2 to 15 grains. 

Detection 

Dilute Svifuric Acid Test 

Dissolve a small portion of the residue obtained from the ether extraction of 
the NaOH solution in a little dilute H 2 SO 4 and evaporate in a small porcelain 
dish on the steam bath. If narcotine is present, the residue has a reddish yellow 
color which changes on stronger heating to crimson red. As the acid begins to 
evaporate, blue-violet streaks radiate from the margin and the entire liquid 
finally assumes a dirty red-violet color. 

Froehde^s Reaction 

To a small portion of the residue in a porcelain dish add a few drops of 
Froehde’s reagent. If narcotine is present, a greenish color is produced which 
immediately changes to cherry red. Gentle heat hastens the appearance of 
the cherry red color which is quite persistent. 

Selenious AddSutfuric Acid Test 

To a small portion of the residue add a few drops of selenious acid-sulfuric 
acid reagent (see Special Reagents). If narcotine is present, a greenish steel 
blue color appears which, after a time, changes to cherry red. Heat destroys 
the cherry red color immediately. 

Sodium Carbonate Test 

Dissolve a small portion of the residue in 2-3 drops of very dilute HCl. 
Place a drop of this solution on a microscope slide and add a drop of a 5% solu- 
tion of XaaCOj. If narcotine is present, small characteristic crystals are pre- 
cipitated in solutions as dilute as 1 to 20,000. These crystals should be com- 
pared under the microscope with crystals obtained from solutions of narcotine 
of different concentrations. 


Morphine 

Dose, 1/20 to 3^ grain. 

Average lethal dose, 1 to 4 grains. Recovery may follow after taking a much 
larger quantity. 

Detection 

FoTTnaldehyde-Sulfuric Acid Test 

To a small portion of the residue from the chloroform extraction in a small 
porcelain dish add a few drops concentrated H 2 S 04 containing 2 or 3 drops of 
40% formaldehyde solution to 5 ml. acid. A trace of morphine produces a 
purple red color which changes to violet and finally becomes pure blue. If this 
test is negative morphine is not present, but a positive reaction must be con- 
firmed by other tests because codeine, heroin and apomorphine produce a 
similar color. 
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Froehde^s Test 

To a small portion of the residue in a porcelain dish add a drop of Froehde^s 
Reagent. Morphine produces a violet color which changes through blue to 
dirty green and faint red. Other alkaloids of the opium group give similar 
color reactions. 


Iodic Acid Test 

Dissolve a small quantity of the residue in dilute H2SO4, add a few drops of 
iodic acid and shake with chloroform. A violet color appearing in the chloro- 
form layer may be due to other reducing agents as well as morphine. 


Ferric Chloride Test 

Dissolve a small quantity of the residue in dilute HCl and evaporate to 
dryness on the steam bath. Take up with a few drops of distilled water and 
add a drop of neutral Feds solution. If morphine is present, a blue color will 
appear. 

Nitric Acid Test 

To a small portion of the residue add 1-2 drops of concentrated HNO3. 
Morphine gives a blood red color which gradually changes to yellow. 


Marme^s Test 

Dissolve a small portion of the residue in 2 drops of dilute HCI. Place one 
drop of this solution on a microscope slide and add a drop of Marme^s Reagent. 
If morphine is present in solution to the extent of 1 to 1000, delicate silvery 
needle-shaped crystals will form slowly around the edges of the drop and in 
more concentrated solutions these crystals group together to form rosettes as 
shown in Fig. 284. 


Opium 


Dose, 1 grain. 

Lethal dose, 4 grains has produced death. Larger amounts have been recovered 
from. 

The principal constituents of opium are morphine, codeine, narcotine, nar- 


ceine, and meconic acid. • -l v i • 

Narcotine can be extracted from an aqueous solution of opium by shaking 
out with ether, and evaporating the ether. Meconic acid can be obtained by 
adding lead acetate to an aqueous solution of opium and filtering off the precipi- 
tate of lead meconate (the filtrate will contain morphine acetate). The pre- 
cipitate of lead meconate is decomposed by treating it with dilute sulfuric acid 
and gently boiling the mixture, filtering and neutralizing. On adding a drop 
of ferric chloride solution, a deep red color, not easily destroyed by a solution 
of mercuric chloride or hot dilute sulfuric acid, indicates meconic acid. Mer- 
curic chloride instantly bleaches the color caused by suUocyauates wmle t e 
boiling dilute sulfuric acid destroys that due to acetates by decomposing t e 
acetate and expelling acetic acid. . , , , 

The solution of morphine acetate should be treated with hydrogen su 
to remove excess of lead, the solution filtered and the filtrate evapora e 0 a 



1962 


POISONS 


soft extract on a water bath. This extract treated with alcohol, filtered and 
evaporated will give morphine acetate to which the characteristic tests for 
morphine should be applied. 

The presence of morphine, narcotine and meconic acid definitely establishes 
the presence of opium. 

Ptomaines 

The consideration of ptomaines is very important in toxicology because of 
the similarity of these substances to alkaloids. Ptomaines contain nitrogen 
and are basic in character and may or may not be toxic. They are products of 
decomposition occurring especially in advanced stages of putrefaction of a dead 
body. Probably they are always present in cadavers and it seems probable that 
they are normal products of bacterial life processes. 

Great care should be exercised especially in legal-chemical cases not to report 
an alkaloid present if there is any possibility of the identifying reactions being 
caused by a ptomaine. No positive report should be made until every charac- 
teristic chemical test of the suspected alkaloids has been confirmed, and in case 
there is even a remote possibility that the suspected substance may be a 
ptomaine, a physiological test should be made in order to confirm the chemical 
examination. 

A ptomaine may resemble an alkaloid chemically but usually it will have an 
entirely different physiological action. Ptomaines resembling to a certain 
degree the following alkaloids have been isolated: atropine, codeine, coniine, 
delphinine, hyoscyamine, morphine, narceine, nicotine, strychnine and veratrinc. 

Frequently the resemblance between a ptomaine and an alkaloid lies in one 
reaction only but an animal decomposition product has been found that resem- 
bles morphine in its characteristic solubilities and also liberates iodine from iodic 
acid but does not give the reactions that are characteristic of morphine alone. 

Ptomaines may resemble alkaloids in the following characteristics: they 
give precipitates with reagents that precipitate alkaloids, their separation with 
various solvents from both acid and alkaline solution resembles various alkaloids 
and many ptomaines are strong reducing agents and give the Prussian blue test 
in common with certain alkaloids. 

When it is possible to isolate the alkaloid in a pure state, its identity can be 
established beyond a doubt. 

Group ni 

This g;roup contains all metals. Arsenic however is best tested for on a 
small separate portion of the original material. 

PrepaTotion of Solution 

Place from 50 to 100 g. of the finely chopped material in a 1000-ml. boiling 
flask. Dilute with water if necessary until a fluid mixture is obtained and add 
pure concentrated HCl and crystalline KClOa in the proportion of 25 ml. HCl 
and 2 g. KClOj to every 100 g. Allow the mixture to stand cool for 24 hours 
and heat on the steam bath (preferably under a reflux condenser) with frequent 
agitation and the occasional addition of KClOa (0.5 g. at a time) until the con- 
tents of the flask are yellow and fluid except for fatty and white granular matter 



POISONS 


1963 


in suspension and until the liquid does not darken on heating for half an hour 
without adding KCIOa. If, during the heating, the addition of KCIO3 does not 
produce any visible reaction, add more concentrated HCl in the proportion of 
10 ml. HCl to every 100 g. material used and continue as directed above. Care 
should be used to keep the quantities of HCl and KCIO3 as small as possible, as 
an excess of HCl may prevent the precipitation of some of the metals by H2S. 
Expel the excess of chlorine by passing a rapid stream of CO 2 through the cool 
liquid or by adding small quantities of NaHSOa until a distinct odor of SO 2 is 
obtained. Filter the solution through a wet filter and wash the residue 
thoroughly with hot water. If a large amount of fatty residue is left, it should 
be extracted two or three times with small quantities of hot water acidulated 
with HCl and these filtered extracts added to the main filtrate. If silver and 
small quantities of lead, thallium, mercury or barium are suspected, this residue 
should be examined qualitatively for these metals. If a large excess of HCl is 
present, add a concentrated solution of Na2C03 to such an extent that the re- 
action still remains distinctly acid. Place the liquid in a flask fitted with a 
two-hole rubber stopper and tube dipping below the liquid and pass pure H2S 
through it at the temperature of the steam bath for 2 hours. Allow to stand 
cold for eight or ten hours and filter, A colored precipitate at this stage may 
mean nothing, as it may be due to organic thio-compounds, and therefore the 
precipitate and filtrate should be tested by any good method of qualitative 
analysis for metals. 

Detection of Arsenic 

Place 10 grams of the finely divided material in a 150-mI. beaker, add 10 ml. 
of concentrated HNO3, cover and allow to stand over night. Then add 5 ml. 
concentrated H2SO4 and warm. When the material starts to turn brown, add 
concentrated HNO3 1 ml. at a time until SO3 fumes are given off without the 
solution turning brown. Cool ; carefully add 10 ml. of water and boil down to 
SO3 fumes. Cool, dilute, add 0,5 g. KI, warm to 90“ C., add dilute solution of 
SnCE to decolorize, cool and run in the regular small Gutzeit apparatus. 

Determination op Carbon Monoxide in Air 

(Sayers, Yant and Jones, Public Health Reports, Vol. 38, No. 40, Oct, 5, 1923) 

The following method slightly abridged from that of the original authors 
will give approximate results where the percentage of CO in air is less than 0.2%. 

Blood Solution 

Saturate a small amount of defibrinated blood with CO. This is done 
readily by passing house gas containing CO through blood for a minute or two 
or preferably by using air containing 3 to 5% of CO. Prepare a 1 to 20 dilution 
of this blood with water. Also prepare a 1 to 20 dilution of CO-free blood. 
For standards set up a series of nine test tubes containing 0.0, 0.2, 0.4 . . . 1.6 
ml. of CO-blood dilution, each made up to a final volume of 2 ml. with the CO- 
free blood dilution. To each of these tubes add 40 mg. of a mixture of equal 
parts of tannic and pyrogallic acids. Invert the tube 4 or 5 times to mix. 
These standards give a series in which the proportion of saturation with CO 
varies from 0 to 80 in steps of 10%. If air is excluded by a paraffin seal on the 
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surface of the liquid, these standards wUl be sufficiently permanent for a week 
or two, but it is little trouble to prepare them fresh for an occasional sample. 

A sample of air to be examined is obtained in a 250-ml. bottle, using an aspi- 
rator bulb and discharging the bulb at least 25 times into the bottom of the 
bottle. The bottle is closed with a rubber stopper or with a well~vaselined glass 
stopper if preferred. Such a sample will keep well. When ready for the test, 
add to the bottle 2 ml. of the 1~20 CO-free blood dilution, avoiding as much as 
possible the escape of the air-gas mixture from the bottle. Slowly turn the 
bottle so that the blood solution flows over the surface of the inside of the bottle, 
avoiding violent shaking. After 15 or 20 minutes' rotation, transfer the blood 
solution to a test tube of the same size as the standards, add 40 mg. of the 
tannic-pyro gallic mixture, invert for mixing as with the standards, and, after 
standing 15 minutes, compare with the standards and determine the approxi- 
mate saturation of the blood solution. This may be done with an accuracy of 
5% by estimating the degree of color as equal to a standard tube or between 
two such tubes. The following tables gives the approximate percentage of CO 
in the air corresponding to the percentage of saturation of the blood when the 
temperature at the time of making the test is not far removed from 20'’ C. and 
the air is otherwise of fairly normal composition, say, containing at least 19% 
of oxygen. 


Saturation % CO % 

0 0.00 

10 0.007 

20 . 0.015 

30 0.028 

40 .■ 0.045 

50 0.066 

60 0.090 

70 0.152 

75 0.200 


Corrections for variations in temperature and composition may be found in 
the original (loc. cit.). 

Determination of CO in Blood 

Dilute 0.1 ml. of blood of a supposed victim of CO poisoning to 2 ml. with 
0.03% solution of sodium fluoride or 0.05% solution of potassium oxalate (to 
prevent coagulation). Add 40 mg. of tannic-pyrogallic acid mixture (1~1), 
invert 4 or 5 times and after 15 minutes compare with standards made up as in 
the method for CO in air, except that sodium fluoride or potassium oxalate 
solution of the above strength is used instead of water in making up the blood 
solutions. Report the percentage of saturation with CO. 

In general, slight symptoms may be noted when the hemoglobin of the 
blood is saturated to the extent of 25%, while 50% saturation gives violent 
symptoms and a dangerous condition. 

Special Reagents 

Millon’s Reagent 

Dissolve 1 part of mercury in 1 part of cold, fuming nitric acid. Dilute 
with twice the volume of water and decant the dear solution after 24 hourSi 
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Froehde^s Reagent 

A solution of molybdic acid in sulfuric acid, prepared by dissolving 5 mg. 
of molybdic acid, or sodium molybdate, in 1 ml. of hot pure concentrated sul- 
furic acid. This solution, which should be colorless, does not keep long. 


Marme’s Reagent 

Dissolve 30 g. of cadmium iodide and 60 g. of potassium iodide in 180 ml. of 
water. 

Selenious-Sulfuric Acid Reagent 

Dissolve 5 mg, of selenious acid ( 11286203 ) in 1 ml. of concentrated sulfuric 
acid. 

Iodo-Potassium Iodide Reagent 

Dissolve 5 g. of iodine and 10 g. of potassium iodide in 100 ml. of water. 
Mayer’s Reagent 


Dissolve 1.358 g. of mercuric chloride in 60 ml. of water and 5 g. of potassium 
iodide in 10 mi. of water. Mix the two solutions and dilute to 100 ml. 



RUBBER, GUTTA-PERCHA, AND BALATA 

Rubber is obtained from the Latex of certain tropical plants belonging to 
the Natural Orders, Euphorhiaceaej Apocynaceacj Uriicaceae. The Latex is a 
milky” juice contained in iacticiferous vessels. It is an emulsoid of rubber 
in an aqueous serum and is associated with several other substances such as 
resins, sugars, protein. The chief rubber-bearing plants are: Hevea hrasiliensis 
(Par^), Castilloa, Ficus, and the Landolphias, Guayule rubber is obtained 
from Parthenium argentatum (Compositae). 

The essential constituent of rubber is a hydrocarbon (caoutchouc). It is 
a polyprene or polymerized terpene (CioHis)*.^ The differences in the physi- 
cal characteristics of various rubbers are probably due to variations in chemical 
aggregation, or the value of n, i.e., the degree of polymerization : also the 
amount and nature of the associated foreign matter. Harries^ work on the 
ozonides of rubber indicates the hydrocarbon to be an unsaturated substance 
with two ethylene linkages. By bubbling ozone through a solution of caout- 
chouc in chloroform he obtained an ozonide (CioHi606)n, soluble in chloroform. 



The formula indicates that the rubber hydrocarbon is an 8 carbon ring com- 
pound with two double bonds and that there are two methyl groups attached 
to the ring. The systematic name for the rubber hydrocarbon is “ 1.5 di- 
methyl-cyclo-octadiene 1.5.” The term octadiene signifies an 8 C-ring with 
two ethylene linkages. The 1.5 at the end refers to the position of the bonds 
in the ring whilst the 1.5 at the beginning of the expression refers similarly to 
the position of the methyl groups. Other formulae for the rubber hydrocarbon 
have been proposed, and the formula is still an open question, 

^ Many investigators prefer the formulae (CjHs),; (CiH»Br 2 )„ etc. 

Chapter by L. E. Salas. 
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The rubber hydrocarbon is capable of forming compounds with certain 
reagen^. These compounds are generally addition products (except the 
nitrosite, CioHijOrNs). CioHigBr 4 , CioHieO, and C 10 H 16 S 2 . The process of 
vulcanization is based on the combination of sulfur with rubber. 

Rubber is a colloid, and is not strictly soluble ; it forms pseudo-solutions or 
swellings. A colloid (suspension or emulsion) is represented by suspended 
particles (solid or liquid) which by carrying like (+ or — ) electrical charges, 
repel one another continuously, and thus refuse to settle by gravity. These 
particles exhibit the “ Brownian movement/’ 

The addition of an electrolyte neutralizing the electric charges causes the 
particles to coalesce (coagulation), whereupon they settle out, A colloid 
solution appears as a mass of particles which, on greater dilution, decrease in 
size, disappearing as individuals to form a sol ” apparently limpid although 
the beam of light as employed in the ultramicroscope discovers solid particles. 

The first effect of the '' solvent ” is to swell the hydrocarbon, forming a 
network or sponge. 

The principal solvents for rubber are gasoline, carbon-disulfide, petroleum- 
ether, benzene and its homologues, carbon-tetrachloride, chloroform, tur- 
pentine. 

Crude Rubber, as it appears on the market, is the product of the coagulation 
of the latex. Coagulation is brought about by various methods, chiefly by 
‘^smoking” as in the case of wild rubbers from the Amazon and smoked 
sheet, or by means of dilute acetic acid for plantation crepe rubber. In the 
latter instance the coagulum produced is passed through rollers to consolidate 
it into thin sheets. 

In both cases such rubbers contain, besides the hydrocarbon, about 2-3% 
of substances soluble in acetone and designated as “ Resins ” (which contains 
various ingredients, including fatty acids). Rubber also contains varying 
amounts of protein (2-6%) and sugars (inositol), etc., and of course moisture 
and dirt. The chief objects of analysis are; 

1. To provide information in order that the manufacturer may exercise efficient 

control of the raw material. 

2. To test wliether the manufactured articles meet specifications. 

Examination of Raw Rubber. — The following information concerning a 
consignment of rubber may be required : 

1. Origin, botanical source, method of collection, process of coagulation, details 

of packing and despatch. 

2. The gross weight at time of dispatch, gross weight at time of sampling, 

average tare, condition of the packages at unloading in dock. 

3. The method of sampling is an important point to be decided between buyer 

and seller. Storage plays an important part as regards ship consign- 
ments, for rubber stored in ships' holds near the engine-room would be 
much drier than in other situations. (The rubber is also likely to suffer 
serious deterioration if overheated.) 

4. The washing loss, the content of washed dried rubber, its appearance, color, 

odor, and strength after removal from the vacuum pans. 
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5. The percentage nitrogen content of the dried rubber, the percentage of 

acetone extract and amount of ash. 

6. Quantity of caoutchouc (pure). 

7. Results of trial vulcanizations. 

Evaluation of Latex. — The price of latex is governed entirely by the actual 
percentage of dry rubber it contains (per cent by weight, or lbs. per gallon of 
latex). It is important to obtain a truly representative sample. The most 
convenient method for determining the quantity of rubber in latex is the trial 
coagulation method. The conditions have become standardized and are stated 
thus (see Stevens, I. R. /. TransaciionSf Vol. V, 5, 1930) : A portion of the 
representative sample (10-50 ml.) is weighed out into a porcelain evaporating 
basin. To this is added very dilute acetic acid (3^1%) with constant stirring. 
A little practice soon indicates the stage to which acidification must be carried 
and the basin is then placed on the steam bath. On leaving undisturbed for 
about half an hour, the rubber will set to a coherent coagulum from which 
the clear serum may be poured off and replaced by clean water. The. clot 
is then taken to the washing rollers and creped out thinly under a good stream 
of water. Drying may be effected in a steam oven, but is preferably per- 
formed at a somewhat lower temperature, e.g., 70° C, or even 50° C.” 

“ Revertex ” — a concentrated latex introduced by Dr. E. A. Hauser — is 
evaluated in a similar manner. 

Betennlnation of Ammonia (used as a preservative of latex). — Dilute the 
latex with distilled water and titrate with N/lOO acetic acid using an external 
indicator.^ Other determinations are rarely required, but examination for 
traces of metals such as copper, manganese, cobalt, chromium and iron (which 
might cause serious deterioration in the finished product) may be important. 
Their detection is carried out on the ash and reference should be made to 
special tests for traces of the metals mentioned. 

Raw Rubber (wild and plantation) appears on the market as sheets, blocks, 
slabs or scraps. Each kind of rubber possesses a characteristic odor due to 
the contained “ resins,” decaying protein matter or the material used for 
coagulation. 

The vegetable refuse, earthy impurities, moisture and soluble substances 
(organic acids, carbohydrates, tannins, etc.) may in some cases together con- 
stitute more than 50% of the whole, and which are removed by the washing 
and drying process (residual moisture about 0.5%). Plantation rubber is more 
carefully prepared and arrives clean, and being comparatively dry (as sheet, 
cr^pe, or blocks) requires little or no further treatment. Washed and dried 
raw rubber has a density of about 0.91-0.97. It is highly elastic but hardens 
when cooled down to 0° C. and softens if heated above 60° C. Above 100° C. 
in the presence of air, it becomes gradually converted to a black viscous fluid. 
However, rubber may be heated out of contact with air to higher temperatures 
and on cooling resumes to a large degree its former condition. 

Technical Analysis of Crude Rubber (for factory control and evaluation) 
comprises the determination of washing loss, true rubber content, resin, ash. 
The sampling of crude rubber must be carefully done as time spent on careful 

* Hydrochloric acid and methyl red indicator may be used. 
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analysis may be wasted by bad sampling. Laboratory samples should not be 
less than 20 lbs. One sample should be taken from each case unless the pack- 
ages are many and are much alike when every third or fifth package may be 
sufficient. In this case it is a good plan to wash and dry samples from the 
first half of the range and compare with results obtained in the other half. 
If the results for washing loss agree within 1%, take the mean. By using a 
long bladed knife or toothless “ saw ” a wedge-shaped sample having its apex 
at the center may be cut ; or in the case of a prismatic block the best sample is 
obtained by cutting out a quarter. A slice through the center may involve a 
large error. It is sometimes found that the rubber contains so little moisture 
or is so tacky that cutting may be troublesome. Under these circumstances 
the knife must be wetted and the superfluous water removed afterwards. In 
sampbng wild rubbers containing much debris, a sample of 100 lbs. should be 
passed through the factory washing process, but for plantation rubbers which 
are homogeneous a sample of 10 lbs. is ample. 

If the rubber is very hard it may be soaked (after weighing) for a few hours 
in warm water. 

After the rubber is washed it should be dried in vacuum and weighed. 
Excessive washing in hot water must be avoided for at least two reasons. 
The rubber may become tacky and does not release the particles of debris; 
and, if vulcanization and mechanical tests are contemplated, false results may 
arise due to the deterioration of the rubber. 


Fine Hard Par^ shows about 16-18% washing loss 

Plantation Smoked Sheet 1-1.3% “ “ 

Plantation Pale Cr^pe 0.5-1% “ “ 

Sprayed Latex Cr^pe (Hopkinson’s Process) 8-9% “ “ 


ANALYSIS OF RAW RUBBER 

Chief I)eterminations. — Moisture, resin (acetone extract), insoluble, pro- 
tein, ash, rubber, traces of coagulant. 

Moisture. — Place 5 g. of rubber (cut into snippets with a pair of scissors) 
into a flat porcelain basin (tared) and dry the material in a vacuum oven for 
two hours at 60® C. (apply vacuum gradually) ; or in an ordinary air-oven 
heated to 80® C. for three hours or until weight is constant, or by desiccation 
in vacuo over concentrated H2SO4. This process is to be preferred. 

The moisture may also be determined by difference , after extraction with 
acetone (see next paragraph). Original weight of rubber mintis the sum of 
the acetone extract and residue from extract gives the amount of moisture. 

Resin (Acetone Extract). — Use a Soxhlet extractor or Cottle’s (Under- 
writers) Apparatus. Take a 3-5 g. sample of the washed and dried rubber, 
cut up fine or rolled out into a thin strip. 

If tacky or liable to coalesce, interleave the material with muslin or hard 
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filter paper. Charge the thimble with the sample and the tared flask with 
60 ml. pure acetone (freshly distilled over anhydrous K 3 CO 3 , using the fraction 

56°-57“C.). 

If muslin is used to enclose and interleave the rubber it is well to fold over 
the lower end of the roll and fasten it by a few stitches so that there is no 
possibility of any of the snippets or detached particles working out between 
the folds. 

Distil on water-bath or electric hot-plate for 8 hours. Detach the extrac- 
tion flask, distil the solvent and dry .the residue at 100'^ C, to constant weight. 





Fig. 285. 


The flask should be inclined while drying in order to facilitate the removal of 
the solvent. 

The increase in weight of the tared flask = acetone extract. 

The residue can generally be easily detached from the muslin and can be 
weighed (as a check) after drying in vacuo over H 3 S 04 . 

Figure 285 shows the construction of Cottle’s Extraction Apparatus ('* Un- 
derwriters ” design). The advantages of this extractor over the ordinary 
Soxhlet are (1) that it is compact, (2) the reflux condenser is immediately above 
the cup holding the sample, (3) the material being extracted is continuously 
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in the vapor of the solvent at its boiling point and thus does not become chilled. 
(A possible disadvantage is that the size of the sample is somewhat limited.) 
Only glass or metal joints should be used in any extraction apparatus (i.e., no 
cork, rubber, or other extractable substance should come into contact with the 
solvent). 

It should be noted that both the extract and the acetone extracted rubber 
are liable to oxidation — therefore the drying should be carried out quickly at 
lowest convenient temperature. Any prolonged heating should be avoided. 
Weigh immediately. 

Brown glass apparatus is sometimes recommended to eliminate the effect 
of light. 

The percentage of “ Resin ” is generally characteristic of the brand — 
Pari^ (1.3%), Congo (4-6%), Kassai (4.5%), Borneo (10%), Ceylon Planta- 
tion (3.2%), Guayule (average 18%), Pontianak (80%). The character of the 
Resins ” is important, as, technically, rubber containing hard resin is pre- 
ferred. Part of the acetone extract is saponifiable and part contains unsat- 
urated compounds, (Iodine value of rubber “ resins — Par^ 118, Borneo 31, 
Guayule 94.) All rubbers except ParS, contain optically active “ resins and 
this fact has been proposed as a means of detecting rubber other than Par^ in 
a mixture. The optical activity is always dextro-rotatory and it has been 
observed that the more optically active, the less saponifiable is the resin. 

To Determine the Acid Value of the Acetone Extract. — Take up the weighed 
acetone extract with warm neutral ethyl alcohol. Titrate with N/10 alcoholic 
KOH, using phenolphthalein as indicator. Calculate the number of milli- 
grams required to neutralize 100 g. of the original rubber (=acid number). 

Ash. — Heat 3 g. of the sample in a porcelain crucible of about 40 ml, 
capacity. In an asbestos card, cut a hole of such a size that when the crucible 
is placed in it, the base of the crucible will protrude 1 cm. below the level of 
the asbestos. The crucible is placed on a tripod and heated gently at first 
with a small Bunsen flame until volatile material ceases to be evolved. During 
the initial stages of incineration, care must be exercised that the volatile 
decomposition-products do not inflame (or losses may occur rendering the 
results unreliable). Finally the temperature is raised to dull red-heat, and 
ignition is continued until all the carbon is burnt off. The mineral matter 
occurring in raw rubber varies with the source and mode of preparation. 
First quality Pale Crepe ranges from 0.10% to 0.5% ash. The color of the 
ash should be noted. If white or pale yellow, and infusible, silica, lime and 
magnesia are possible constituents. If highly ferruginous the ash has a brick 
red color. Having now determined the moisture, resin,” ash, and washing 
loss, an approximate figure for the rubber hydrocarbon may be calculated by 
difference. 


Determination of Copper in Crude Rubber 

Ash a 20-g. sample over a Bunsen burner and finally in a muffle furnace. 
Do not expose to a higher temperature than a dull red heat. Particles of 
carbon enclosed by the ash need not be burned off as any portion of the copper 
existing as chlorides may be volatilized at the same time. Add 5 ml. of con- 
centrated HCl and heat the crucible until acid boils. Transfer by means of a 
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fine stream of water and rubber policeman to a small beaker. Boil for a few 
minutes. 

After the solution has cooled make it alkaline with NH^OH. Heat on a 
steam plate until the volume of the solution is not more than 15 ml, (a steam 
plate is best for heating as there is often danger of spattering). By this time 
all of the excess ammonia will have been driven off. Add a few drops of 
bromine water and heat to boiling. (1) Filter immediately through a Gooch 
crucible into a graduated vessel (a graduated test tube which will slide inside 
the usual suction filter flask serves the purpose nicely). Dilute the solution 
to 30 ml. 

Place 10 ml. of the solution, unless the copper is abnormally high (.01%) 
or low (.0005%), in a 50-mI. Nessler tube. If the copper concentration is 
high (.01%) use 5 ml. of solution, and if the copper concentration is low, use 
20 ml. of solution. Add 22.5 ml. of 95% pure ethyl alcohol and 2.5 ml. of a 
1% solution of sodium diethyldithiocarbamate in 95% pure ethyl alcohol. 
Mix thoroughly. 

For a standard (2) prepare a similar solution in a Nessler tube using 10 ml. 
of water in place of the portion of the sample. Add a solution containing 
0.00001 gm. copper per ml. from a pipette graduated in tenths ml. until an 
equivalent color is produced. 

Calculation: 

(Ml. of Standard) X (gm, of Cu per ^ 

7 -2 j XlOO — % Cu. 

wt. of sample 

(1) The bromine is added to precipitate the manganese as manganic hy- 
droxide, manganous hydroxide being soluble in ammonium salts. Since as 
much as 0.000075 gm. of manganese has no eSect on the indicator, the bromine 
treatment may be omitted if the amount of manganese in the rubber is known 
to be less than .001%. 

(2) The standard Cu solution is made of CUSO4 in a 5% NH4OH solution, 
the strength of which is .00001 gm. Cu per ml. of solution. It is standardized 
by electrolysis method using Pt electrodes. 

Determination of Manganese in Crude Rubber 

Ash a 10 gm. sample in a large crucible. Start the ashing process on an 
open flame at about 200° C. slowly raising the temperature to 600° C., then 
place it in a muffle furnace at about 1200° C. until a white ash results. To the 
ash in the crucible add 35 ml. H3PO4, 35 ml. H2SO4 and 30 ml. HNO3 and heat 
to near boiling until ash is dissolved. Cool and filter through asbestos and 
wash filter pad once with HNO3 and then place filtrate in a 250-ml. beaker and 
heat on steam plate. Add a small amount (0.2 gm.) of sodium periodate and 
continue heating until constant color is present. Dilute with water to a 
definite volume (250-500 ml.). Compare this solution with a standard made 
up as follows: Dissolve 0.406 gra. of manganese sulfate (MnSOi) in 1000 ml. 
of distilled water. 1 ml. of this solution is equal to .001 gm. manganese or 
.01%. This solution is used as a primary standard so great care should be 
exercised in its preparation. 
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Place 1 ml. of standard manganese sulfate solution in a small beaker (250 
ml.) and add 35 ml. H3PO4, 35 ml. H2SO4 and 30 ml. HISTOa, heat almost to 
boiling (90° C.), and add 0.2 gm. of sodium periodate and continue heating 
until a constant color is present. Dilute with water to 100 ml. The standard 
is then ready for comparison with the solution of the unknown. 

Place an aliquot of 25 ml. of the solution of the sample in a Nessler tube 
and then measure from a burette varying volumes of the standard HMn 04 
solution and place in other Nessler tubes and dilute with water to the mark. 
In this manner make a standard solution to match the color intensity of the 
sample. 

Calculations : 


(ml. of standard) X (gm. Mn per ml.) X (aliquot portion) 
wt. of sample 


X100 = % Mn, 


The Organic * Insoluble.’ — (This material consists chiefly of protein-like 
substances.) There are various methods in use. Weigh out 25 g. of rubber 
and mix on rolls. 

(a) Take 2 g. of the washed dried rubber in a flask. Add 10 ml. toluene 
and heat for 2 hours (under a reflux condenser) upon a sand bath. Allow to 
settle and filter, or better, centrifuge for half an hour. Pour off the super- 
natant liquid, add more toluene, mix and whirl again. The compact insoluble 
is received on a tared ashless filter. 

Dry and weigh. Incinerate and weigh ash. The difference = organic in- 
soluble (Caspari). 

(5) Heat 1 gram of the finely divided sample with 10 ml. of phenetol for 
5 hours. Dilute with benzene. Allow to settle, filter, rinse on to a tared dish, 
dry and weigh.* 

(c) Warm 2 g. of rubber with 15 ml. petroleum (B.P. 200^ C.) in a small 
flask for half an hour or until swollen. Dilute with 100 ml. benzene. Filter 
or centrifuge as in (a) (Caspari). 

(d) Frank recommends that the sample be digested with cymene and cen- 
trifuged. When consolidated at the bottom of the tube it can be washed with 
benzene. 

(e) Spence & Kratz dissolve the rubber in benzene to which they add 0.5% 
trichloracetic acid to lower the viscosity and thus allow the insoluble to settle 
out, when it may be washed with benzene, filtered and weighed. 

(/) Tschirch and Schmidt heat the rubber at 80° C. with pentachlorethane 
and claim to obtain complete separation of the “ insoluble.” 

Protein (Total Nitrogen). —Place 2 g. of the washed dried rubber in a 500 ml, 
Kjeldahl flask made of Pyrex or other heat-resisting glass, and add 30 ml. 
concentrated H 2 SO 4 (or 20 ml. of concentrated H 2 SO 4 and 10 ml. fuming 
sulfuric acid) together with 0.2 g. of mercury or mercuric oxide. Loosely 
stopper the flask with a small glass funnel, and heat at first on a sand bath 
and then over a naked flame gradually increasing the temperature to vigorous 
boiling until the liquid is light straw-colored and transparent. 

This operation generally takes 2-3 hours. 

Cool, and dilute with 200 ml. water. 

• Beadle & Stevens, Analyst, 37, 13 (1912). 
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The solution now contains all the nitrogen in the form of (NH4)2S04. Fit 
to the flask a distillation tube containing a splash bulb.'^ Measure into an 
Erlenmeyer flask 20 ml. (N/10) -112804, or more, according to the amount of N 
(NHs, protein) present. Allow the end of the distillation-tube to dip beneath 
the surface of the standard acid. Detach the distillation-tube from the Kjel- 
dahl flask and add 80 ml. NaOH (sp.gr. 1.35) cautiously down the side, keeping 
the solutions from mixing until later. 

Add a solution containing 2 g. sodium sulfide in 20 ml. water, and then 
about 0.5 g. zinc in small pieces. 

Now gently whirl the Kjeldahl flask, connect the tube and distil the am- 
monia into the standard (N/10) •H2SO4. 

When 100 nd. of the distillate has passed over, disconnect the tube and 
wash the end into the standard acid. 

Titrate the excess of (N/10) ■ H2SO4 with (N/10) ■ NaOH using methyl 
orange as indicator. 

Calculate the nitrogen and multiply the value by 6.25 to obtain the weight 
of protein in the rubber. (The average N content of protein is 16.5%. 

Wilfarth’s modification of the Kjeldahl process is also recommended for the 
total N in rubber. It consists in digesting 1 g. of rubber with 30 g. concen- 
trated H2SO4, 7 g. K2SO4 and 1 g. anhydrous copper sulfate for four hours and 
proceeding as usual. 

A blank Kjeldahl should be run on the reagents used. 

Instead of distilling the ammonia evolved by the NaOH into N/10-H2SO4 
as described above, the gas may be absorbed by cold distilled water and the 
amount determined by Nessler’s reagent (See page 2049). 

As stated previously, the protein material contained in rubber is capable of 
being separated from the nitrogen-free material by a solvent method (see under 
Organic Insoluble). 

Par^ rubber generally contains about 0.4% N, corresponding to a protein 
content of about 2.5%. 

The amount of protein depends upon the source and mode of preparation 
of the rubber and may amount to 10% and over. 

Determination of the Rubber Hydrocarbon. — As previously stated, for 
technical purposes it is sufficient to subtract the sum of the percentages of 
washing loss (moisture and dirt) ash, organic insoluble (protein) and acetone 
extract from 100 to obtain the percentage of rubber hydrocarbon. Such a 
method is far from ideal but up to the present no entirely satisfactory direct 
method of determining the rubber hydrocarbon has been evolved, and those 
suggested are generally somewhat tedious. 

(a) Spencers Method . — Take about 1 g. of the acetone extracted rubber 
(vacuum dried). Add 100 ml. cold benzene. Allow to swell, and make up to 
200 ml. with benzene. Mix thoroughly and filter through a tube plugged with 
glass-wool (or allow to settle). 

Take an aliquot part of the solution and evaporate to dryness in a current 
of CO2. Weigh. 

(&) Precipitation Method . — Weigh out 3 g. of the material and swell it in 
10 ml. of toluene. Make up to 100 ml. with toluene. Allow to settle (or 
centrifuge). 
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Take up in a pipette 50 ml. of the supernatant liquid and allow it to run 
into 100 ml. warm alcohol (95%), stirring meanwhile. Remove the clot by 
means of a glass rod to another dish, squeeze out, and redissolve in toluene 
(100 ml.). 

Reprecipitate by alcohol. Squeeze out the alcohol and transfer the clot to 
a tared watch-glass. Dry to constant weight, preferably in vacuo. Calculate 
per cent of rubber. 

If the rubber contains much resin, use the acetone extracted material. 

(c) Fendlefs Method , — Take 1 g. of the washed dried material. Extract 
with acetone for 8 hours. Dry the sample. Dissolve the residue in petroleum 
ether and make up to 100 ml. with the solvent. Allow the “ insoluble ” to 
settle out. An aliquot part of the solution is taken and evaporated, drying 
subsequently in CO2. 

(d) Tetrabromide Method, — (Budde's Method, Spence & Galletly^s modi- 
fication.) The value of this method is lessened by the fact that proteins and 
resins absorb bromine. 

Weigh out 0.2 g. of the original rubber sample. Extract it with acetone 
for 8 hours. Place the residue in a wide-mouth bottle, cover it with 50 ml. 
carbon tetrachloride and allow it to swell overnight. (The brominating solu- 
tion is made by dissolving 3 ml. bromine and 0.5 g, iodine in 500 ml. carbon- 
tetrachloride.) 

Add 50 ml. of the brominating solution '' and allow the reaction to con- 
tinue for six liours with occasional shaking. Add 50 ml. of absolute alcohol, with 
stirring. Allow to settle and filter. Wash with a mixture of alcohol and 
carhoii-tctrachloride and finally with alcohol. Dry at low temperature and 
weigh precipitate. Ignite the precipitate. Difference in weights = Tetra- 
bromide. 

Assume the formula CioHigBr^ (wt.X0.298 = rubber hydrocarbon), or the 
precipitate of tetrabromide may be fused in a platinum crucible with about 8 gr, 
of a mixture of NajCOa and K2CO3 (equal parts). Heat to clear fusion. Cool 
and leach with water. Acidify witli HNO3, and add enough AgNOs solution to 
precipitate the bromide. Heat gently to agglomerate the AgBr. Filter and 
determine weight of AgBr by any usual method. Calculate, 4 Br : CioHie ' • 
amount of Br in AgBr : x. 

The results obtained are often too high (substitution of Br takes place as 
well as addition, and the protein in the rubber also absorbs a little Br). 

(e) Nitrosite Method (Alexander, Harries).— Dissolve 1 g. of the rubber 
(acetone extracted) in benzene. Pass nitrous fumes (obtained by the action of 
concentrated IINOa upon AS2O3 (or starch)), through a drying tower containing 
P2O5, and thence through the rubber solution. The leading tube should be 
wide. Continue the current for one hour. 

Allow to settle and decant through a weighed Gooch,” deposit the precipi- 
tate and wash with benzene. Pass the gas again through the filtrate and allow 
to stand overnight. Decant through the “ Gooch,” wash with benzene or 
petrol-ether and then with ordinary ether. 

Dry at 75° C. and weigh. 

The composition of the nitrosite is said to be C10H16O7N3. 

Wesson and Knorr's Method (as modified by Tuttle and Yurow).— This is 
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claimed as the only nitrosite method yielding sufficiently exact results. Take 

0.2 —0.5 g. of rubber (dried). 

Extract with acetone for 8 hours. Dissolve the residue in chloroform and 
pass the nitrogen-oxide gas until the solution is green. Allow the solution to 
stand overnight, and filter through a “ Gooch lined with asbestos. Evapo- 
rate the filtrate to dryness. Dissolve the residue in acetone and filter. 

Take an aliquot part of the solution in a combustion boat and evaporate to 
dryness. The residue is ignited in a combustion tube and the products are 
led through a train of absorption bulbs (eight in all) . 

The first three contain a mixture of concentrated H2SO4 and K2Cr207, the 
fourth contains zinc dust, the fifth is packed with soda-lime, the sixth with 
calcium chloride; the seventh bulb contains H2SO4 and KiCraO? while the 
eighth holds a dilute solution of palladium chloride. 

The fifth, sixth, and seventh absorption bulbs are weighed before and after 
the combustion# The increases in weight give the total CO 2 and H2O formed, 
from which the rubber content of the specimen is calculated. 

(For details see Z, R, W.j S7, 17 (1917).) 


ANALYSIS OF RUBBER SOLUTIONS 

Determinations Required. — 

1. Nature and amount of solvent. 

2. Percentage of rubber. 

3. Content of total solids. 

The Solvent. — Take an adequate sample and separate the solvent by steam 
distillation. Separate the water and the solvent by means of a separatory 
funnel. Add a suitable dehydrating agent (i.e., fused calcium chloride) and 
allow the solvent to stand over this for a day. 

A fractionation test should be undertaken and the nature of the solvent 
investigated. 

To Determine the Proportion of Solids to Solvent. — Take a representative 
sample of 10 g. in a stoppered weighing bottle. Remove the stopper and place 
the bottle and stopper in a clean porcelain basin and evaporate the solvent in 
an electrically heated vacuum desiccator. The difference in weight — weight 
of solvent. 

Investigation of the residue. Cut it into snippets and extract with acetone. 
The dried residue from acetone may be dissolved in acetic anhydride by Moraw- 
ski’s Method and examined for colophony by the Liebermann-Storch reaction 
(evanescent violet coloration with concentrated H28O4), 
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Inorganic fillers are determined as follows : Weigh the sample, dilute with 
petrol ether to such degree as will permit the inorganic fillers to settle. Filter 
or centrifuge. Wash the residue with the solvent. Dry and weigh. 


ANALYSIS OF VULCANIZED RUBBER 

The vulcanization of rubber is brought about by (1) heating with sulfur, (2) dipping 
into a dilute solution of sulfuromono-chloride in CSa (cold process for thin goods), 
(3) by exposure to the vawrs of SaCL (vapor cure), or (4) by the simultaneous action 
of hydrogen-sulfide and sulfur-dioxide (Peachey Process). , 

The properties of the resulting vulcanisates vary with the percentage of sulfur, 
the time of vulcanization and the temperature of the “cure”; also the nature of the 
additions to the mixture. 

If the sulfur is limited to about 10% soft vulcanisates are produced. When the 
proportion of sulfur is raised (up to 32%) hard rubbers are formed. The change of the 
rubber hydrocarbon to hard-ruboer (ebonite) may be represented 'probabhj by the follow- 
ing equation. (Although Wo. Ostwald is of opinion that the process of vulcanization 
is purely physical (adsorption) it is now generally accepted that the main action is one 
of chemical combination.) Vulcanized rubber is characterized by a great increase in 
resiliency, a lower temperature-coefficient of its elastic properties and a marked change 
in behavior towards solvents. The process of vulcanization is irreversible. 



A representative sample must be obtained. Remove any extraneous mate- 
rial such as paint, lacquer, etc., by mechanical means. Powdered talc or 
starch should be removed by a brush or clean cloth. Bloom (powdered sulfur), 
waxes, etc., which have risen to the surface should be included in the sample. 
Metal (wire, studs) should be separated. 

If the rubber itself is to be examined it should be freed from any applied 
fabric, but textile material actually forming part of the mixture should be 
included. 

If the rubber consists of distinct layers of different composition, these should 
be worked up separately. 
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The sample having been isolated, it is cut up into snippets with scissors. 
Hard rubber (ebonite, vulcanite) is rasped with a coarse clean file and any iron 
filings introduced are removed by a magnet. 

Unvulcanizcd doughs and reclaim may be rolled out into a thin sheet on 
the laboratory mill. The prepared bulk sample should be preserved in a 
stoppered wide-mouth bottle preferably of brown glass. 

The scheme of analysis is that of Weber and Henriques, with modifications. 
It is rarely necessary to go through the whole scheme. The appearance of the 
sample will give valuable information. If the rubber is light or red in color it is 
obvious that carbon black, pitch, tar, bitumen, and Pb compounds are absent. 
In this case, the chloroform-extraction can be omitted. 

Moisture. — Take a 2 g. sample and dry it to constant weight in a vacuum- 
desiccator containing concentrated H2SO4. Loss of weight = Moisture. (If 
the rubber contains no material likely to be melted out, the sample may be 
dried in an air even at 80° C. or in an electrically-heated vacuum-desiccator.) 

Water-Soluble Constituents. — Take a 10 g. sample in a 300-ml. flask and 
add 100 ml. H2O. Heat to 80° C. and allow the specimen to soak for a few 
hours. If present, the following substances will be found in the solution : 

Starch (dextrin), gelatine (glue), some accelerators (aniline), and part of 
the inorganic fillers (lime, CaSO^. 

Test for alkali; starch by iodine; size (gelatine) by Tannin. Aniline may 
be detected by the violet coloration with hypochlorites. Glycerin may be 
detected by evaporating a portion of the solution to dryness and heating the 
residue with KHSO4 when the odor of acrolein is obtained. 

For other constituents proceed as follows: Take a 2 g. sample and extract 
with pure acetone, for 8 hours. 


A. Solution 

B. Residue, Extract uith alcoholic KOH (IX) 


C\ Solution contains 

D. Residue contains 


Sulfurized substitutes 

Rubber Hydrocarbon 


Chloro-sulfvir substitutes 

Mineral fillers 


Oxidized (brown) oils 

(Sulfur of vulcanization) 


Polymerized oils 

(Sulfur and chlorine in above) 

(Chlorine of vulcanization) 


Note. — The mineral fillers are determined on a part of Residue D by ignition, and 
the rubber-hydrocarbon is calculated by difference. The Residue D is also used to find 
the sulfur and chlorine of vulcanization by method given on pages 1985-1986. 

Full Scheme for Analysis of Vulcanized Rubber. — If the rubber is black it 
may contain one or more of the following substances: Carbon black, pitch, tar, 
bitumen, Pb compounds. For a systematic investigation, the following pro- 
cedure may be followed : (This scheme is based on the work of Weber, Henri- 
ques and others.) 
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Take a 5 g, sample and extract with Acetone for 8 hours, (Hard rubber requires 
48 hours.) 


A. Extract m&y B. Residue. — Extract for 4 hrs. with chloroform (immediately, with- 
contain : out drying) 

(See page 2002) 


1. “ Resins 
of Rubber. 

2. Added 
resins, 

3- Mineral 
Oils. 

4. Waxes, 
i 5. Fatty Oils. 

6. Re.sinOils. 

I 7. Free Sul- 
fur. 

8. M.R. 
(part). 

9. Cellulose- 
Esters. 

10. Naphtha- 
lene, 
aniline. 

11. Accelera- 
tors. 

12. Antioxi- 
dants. 

13. Certain 


(See page 
1980) 


C. Extract 
may con- 
tain : 

1. Pitch. 

2. Bitumen. 

3. Tar. 

4. Sulfur in 
the above. 

5. M.R, 
(part). 


D. Residue. — Extract with N Alcoholic KOH. 
(See page 1982) 


may 
contain : 

1. Sulfur 
Sub. 

2. Chloro- 
Sub. 

3. Oxidized 
Oils. 

4. Sulfur 
and Cl 
in the 
above, i 


G. Extract 
may 
contain : 

1. Rubber 
hydro- 
carbon. 

2. Sulfur 
and Cl 
in above. 


--Weigh and extract with a 
rubber solvent. (Petrol, 
.xylene, etc.) 


li. Residue. — Weigh and 
extract with boiling 
water. 

(Wt.' of F— Wt. of 
II = G.) 


(See page 
1982) 


(See page (Sec page 
1982) 1982) 


I. Extract 
may 
contain : 

1. Starch. 

2. Dextrine. 

3. Gelatine. 

4. Albu- 


(See page 
1978) 


K. Hesidm 
may 
contain : 

1. Minerals. 

2. Free 
Carbon. 

3. Vege- 
table 
fibre, 

I 4. Sulfur in 

I minerals. 

(See page 
1988) 


Note.— The time required for the Acetone Extraction (and its completeness) depend 
upon’ the apparatus and the speed of siphoning; also upon the rubber and its subdivision. 
The siphon should function once in about three minutes. 


Inspection of Acetone Extract.— Evaporate the solvent and dry at 90® C. 
Note color and viscosity— If pale and transparent and small in quantity, 
absence of gross additions may be inferred. Fluorescence indicates the presence 
of mineral-oil. Test for rosin (colophony) and rosin oil by the Liebermann- 
Storch reaction. 

Solid Waxes. — Warm a little of the acetone extract with absolute alcohol. 
Cool. Waxes deposit. 
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Detailed Examination of the Acetone Extract 

Total Sulfur. — (All reagents used must be free from sulfur.) Dry the 
acetone extract and weigh. Take, an aliquot part in an Erlenmeyer flask, add 
1 g. of MgO and 10 ml. of concentrated HNO3 and 1 ml. bromine.'* 

Allow to stand for a few hours. Start heating oh a steam bath, — increase 
temperature on sand bath. Add more reagent if required. When oxidation 
is complete, transfer to a porcelain dish and evaporate dry on a steam bath. 
Add 5 ml. concentrated HCl and evaporate dry; bake gently; repeat this 
operation. Add concentrated HCl and transfer to a flask by means of hot 
water. The sulfur is now in solution as sulfate. Filter hot. Make up to 100 
ml. with hot water. Heat to nearly boiling and add 10% BaCl2 solution. 
Allow to stand overnight. 

Filter the BaSOi. Wash with hot water, ignite in porcelain crucible to 
constant weight. Calculate S. 

Saponiflable and Unsaponifiable Matter, — Take an aliquot part of the dried 
extract (H g-)j add 25 ml. N/2 KOH, and heat under a reflux condenser for 
two hours. Transfer to a separatory funnel. Cool to room temperature. 
Add 20 ml, ether and shake carefully. Separate the two layers, and wash 
the ether layer several times with cold water until the water no longer has an 
alkaline reaction. Transfer the ether extract to a tared flask and evaporate the 
ether. Dry to constant weight at 80® C. ( = unsaponifiable). 

The aqueous alkaline solution from the ether extraction is now acidified 
with dilute H2SO4 to set free the fatty acids, from the soaps. 

Transfer to a separatory funnel. Shake out with ether as before and repeat. 
Collect the ether fractions in a clean separatory funnel and wash free from acid 
by repeated shaking with cold water. 

Transfer the ether solution of fatty acids to a tared flask, evaporate and 
weigh, (= saponifiable matter, chiefly resins and fatty acids). 

If the rubber should contain cellulose-esters they will be dissolved by the 
acetone and will cause the acid aqueous liquid to be strongly turbid, and if 
suspected the fluid is neutralized by ammonia and evaporated to a paste, 
heated with 10 ml. “ cuprammonium solution and allowed to stand for 12 hrs. 
in a covered vessel, shaking periodically. 

The cellulose will dissolve and a clear solution will be obtained. Acidify 
with HCl. Prepare a Gooch lined with asbestos. Filter, wash, dry, and 
weigh the cellulose. (For separate determination of cellulose see page 1987.) 

The Uhsaponifiabfe Matter in the Acetone Extract May Ccatain: 

1. Substances occurring in the original rubber. 

2. Mineral oils. 

3. Solid paraffin-hydrocarbons (paraffin-wax, ceresin, etc.). 

4. Tar and asphalt. 

5. Wax alcohols. 

Take a known quantity of the unsaponifiable matter and extract it with hot 
absolute alcohol. The residue consists of tar and asphalt. Evaporate the 

. ,, If certain modem accelerators have been used a bromine-nitric acid oxidation, 
foUowed by perchloric acid, is a more effective oxidizing treatment (“Captor,” etc.). 
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alcoholic solution to 50 ml. Cool the flask and then place it in a freezing mix- 
ture capable of producing a temperature of minus 5^ C. The solid paraffins 
will separate out. Filter through an iced funnel and wash with ice-cold alcohol. 
Remove the funnel from the ice-pack and dissolve the residue through the 
filter with hot chloroform ipto a tared flask. Evaporate the solvent and dry to 
constant weight ( = solid paraffins) . 

The alcoholic solution remaining after freezing out the solid paraffins is 
evaporated to dryness on a water-bath. Dissolve the residue in CCE (15 ml.) 
and transfer the solution to a separatory funnel. Add 15 ml, concentrated 
H 2 SO 4 to the funnel and shake carefully. Separate and repeat till the H 2 SO 4 
extracts no more colour. 

Draw off the acid. To the CCU solution add distilled water and then enough 
ether to dilute the CCI4 to make it float above the water. Shake and repeat the 
washing until the “ CCE-ether solution is acid-free. Transfer the “ CCU-ether 
solution ” to a tared flask and evaporate. Dry constant at 90° C. This 
gives the weight of the liquid paraffins, and mineral oils. 

The Saponifiable Matter in the Acetone Extract comprises: 

Fatty acids. 

Resin acids. 

Added Resins (e.g. Colophony). 

Take the aqueous portion from the separation of “ Saponifiable ” and Un- 
saponifiable.” Acidify with HCl. Shake with ether. Wash the ether free 
from acid. Filter the ether solution and wash with the solvent. Distil the 
ether and dry the residue for one hour at 95° C. This gives the weight of the 
fatty acids, obtained from the saponifiable oils. 

To determine resin (colophony) use Parry^s Method : 

Take part of the original acetone-extract or the saponifiable above. Dis- 
solve in 20 ml. of 95% alcohol. Add dilute NaOH (made up with 1 of alcohol 
-{-2 of H 2 O) until just pink to phenolphthalein. Heat for 10 minutes. Cool. 
Transfer to a 100-ml. graduated stoppered cylinder. Fill to the mark with 
ether, and add 2 g. AgNOs. Shake and allow to settle. Silver salts of abietic 
acid and other organic acids form. The silver salts of the free fatty acids are 
insoluble in ether, but those from colophony (abietic acid) give silver salts 
which are soluble. Therefore take 50 ml. of the clear solution in a separatory 
funnel and shake with 20 ml. dilute HCl. Draw off the ether layer by means of 
a pipette and shake Uvice nith ether. Unite ethers and wash. Distil the 
ether solution in a tared flask. Residue - Colophony. Dry at 105° C. and 
weigh (X by 2). 

The Detection and Determination of Accelerators is very difficult and gen- 
erally impossible owing to the complex nature of the accelerators themselves, 
the small amounts used, and to the great changes they undergo during vul- 
canization. 

Some disappear altogether (i.e. isopropyl-xanthates). 

Evidence of the use of organic accelerators may be inferred by the enhanced 
mechanical properties, the sub-normal sulfur content, and low vulcanization- 
coefficient. For further information see Twiss and Martin (Gummi Zeitung, 
35, 1151 (1921)). 
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Examination of the Chloroform Extract 

Evaporate the extract on a steam bath. Dry to constant weight in an air- 
oven at 95* C. If the extract is fluorescent, or of color darker than yellow, 
bitumen is present. Part of the asphalt and tar may also be found here. 

Dissolve the dry extract in benzene (warm). Allow to stand for 12 hrs. 
Pilter, wash several times with benzene. 

The substances insoluble in benzene are called ” Hard Asphalt.'^ It should 
be borne in mind that soft vulcanized rubber always yields about 1 % to chloro- 
form. Sometimes it is soluble to the extent of 2%. 

If the figure 1% is exceeded and bituminous bodies are shown to be absent 
(light color of extract) it is certain that the rubber has dissolved in excessive 
amount. (This indicates (1) that the material is undcrcured, or (2) contains 
“ reclaim,” or (3) has been deteriorated in manufacture by excessive milling, 
or (4) that the rubber has undergone excessive ageing.) 

If the extract is brown, asphalts or M.R.” are present. 

Asphaltum is much used in cable coverings to remove microporosity, and 
to increase insulation. 


The Alcoholic KOH Extraction 

This reagent removes the main part of the fatty oils, the white and brown 
“ factis ” (oil-substitutes). It also dissolves a portion of the natural albumin 
(casein, and wool if present). If phenol-resins are present they will also be 
affected. 

The residue from the chloroform is dried at 50° C. and transferred to a 200 
ml. flask. Add 50 ml. benzene and allow it .to stand 12 hours. Add 50 ml. 
N alcoholic KOH and boil under a reflux condenser for 4 hours. Filter and 
wash. Grind the residue in a mortar, leach with hot absolute alcohol, and 
finally with hot water. The washings are combined with the filtrate and 
evaporated dry. Add H 20 , and transfer to separatory funnel. Acidify with 
dilute H 2 SO 4 . 

Allow to cool, add ether, and shake. Separate the ether and aqueous layers, 
and repeat. Combine the ether fractions in another funnel and wash with 
cold water till acid-free. Add the waters ” to the aqueous fraction. Evapo- 
rate the ether in a tared flask to constant weight. Calculate per cent of 
residue (= weight of fatty acids). “ Total unsaponifiable ” minus the sum of 
solid and liquid hydrocarbons gives the unsaponifiable resinous matter. 

The Determinations of Sulfur and Nitrogen in the Alcoholic KOH Extract 
are made by the same methods as described for sulfur in acetone extract. 

Determination of Total Fillers. — Incineration of the original rubber in an 
open crucible (as described under Ash, page 1971) forms the simplest method, 
but this method fails if any of the fillers are decomposed with loss of volatile 
matter (i.e. HgS, CaCOa, free carbon, cellulose, etc.). HgS is completely 
volatilized, carbonates evolve COj, and sulfides change to oxides. 

Take 1 g. of rubber. Extract with acetone, and chloroform as usual. 
Dry the residue and transfer it to a 200-ml. flask (tared). 

Add 25 ml. petroleum (B.P. 230° C.). Heat under a reflux condenser, 
until the rubber is in solution. Cool the flask and nearly fill it with benzene. 
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Allow it to stand until the fillers have settled. Decant and filter through a 
Gooch. Wash with hot benzene, alcohol and ether. Dry the crucible at 
90° C. to constant weight. 

A centrifuge will save much time. 

If an autoclave is available the sample may be heated with xylol under 
pressure. 

Determination of Sulfur 

The sulfur in rubber may occur in various forms. The determinations 
usually required are total sulfur, free sulfur, sulfur of vulcanization, sulfur 
combined in the fillers (organic and inorganic). 

During the analysis sulfur appears in the various extracts and residues. 

1. Total Sulfur (J, Rothe^s Method).— Take 1 g. of the rubber under test 
in a round-bottom Pyrex flask. Add .30 ml. concentrated HNOs and 1 g. MgO. 
Heat upon a steam-bath until fully oxidized. Heat more strongly upon a 
sand-bath to expel brown fumes.* (If carbon should remain repeat the oxida- 
tion with HNO3 and heat again.) Add 5 ml. HNO3 and dilute with 30 ml. 
H2O. Filter and reserve the residue. 

Filtrate, — Evaporate to dryness in a porcelain dish and bake the residue 
for 2 hours at 135° C. Moisten with HNO3. Add H^O and evaporate dry. 
Add 5 ml, concentrated HCl. Heat and dilute to 100 ml. with H2O. Filter 
and wash residue. Boil the filtrate and add 10% BaCU solution. Allow to 
stand overnight. Filter off the BaS04, and wash with distilled water. Dry, 
incinerate and weigh. (BaSO4X0.1373 = S.) 

Residue (above). — Fuse in a crucible with about 5 g. of a mixture of 
Na2C03 and K2CO3 (equal parts). When clear, allow to cool, leach out with 
hot water and boil the liquid. Filter. 

Filtrate. — Acidify with HNO3. Evaporate to dryness, bake at 135° C. for 
2 hours. Add concentrated HCl. Heat and dilute with H2O. Filter off any 
silica or antimony oxide. 

Evaporate the filtrate to dryness, add concentrated HCl and evaporate 
again. Add dilute HCl and boil; filter. Add 10% BaCh and calculate sulfur 
as stated above. 


(Steven’s Method, Analyst, 43, 1918) 

0.5 g. of the rubber sample is digested with 20 ml. HNO3 (1.42). Add 0.5 
g. KCIO3. 

Boil for 3 hours under a reflux condenser. Evaporate dry in a porcelain 
basin with the addition of 3 g. of magnesium nitrate. Heat cautiously over a 
naked flame. (The Mg salt moderates the combustion.) Any unburnt carbon 
is destroyed by digestion with HNO3 and KClOs, Expel excess of acid. Add 
10 ml. HCl (concentrated) and cover the dish with a clock-glass. Gently heat 
until the red fumes cease to be evolved. Dilute the liquid, filter, and make up 
to 300 ml. Heat to boiling point and precipitate BaS04 with 10% BaCl2. 
Allow to stand overnight. Filter and weigh. 

® See note on page 907. 
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(Kay and Sharp’s Method) 

This rapid method is carried out as follows : 

0.25-0.5 g. of the finely divided sample is intimately mixed with 5 parts 
by weight of pure ZnO and 4 parts of KNO3 in a porcelain crucible and a thin 
layer of ZnO as a cover. Put the lid on the crucible and heat gently until the 
reaction commences; then remove the flame for a time. Subsequently heat 
with the full flame for five minutes. Cool. Dissolve the contents of the 
crucible in dilute HCl and precipitate the sulfur as BaS04 as usual. 

Bromine-Nitric Acid Method. — Method of Waters & Tuttle (Ind. Eng. 
Chem., 3, 734 (1911)). Take a 0.5 g. sample in a large porcelain crucible. Add 
15 ml. of concentrated HNO3 saturated with bromine. Cover the crucible and 
allow to stand for 1 hour. Heat for one hour on the steam bath. Remove the 
cover, rinse, and evaporate dry. Add 3 ml. concentrated HNO3. Cover, warm 
for 15 minutes. Allow to cool and add 5 g. Na2C03 in small portions down the 
side, and replace cover. Stir. Dry on steam bath and spread the mixture on 
the sides of crucible. Fuse and destroy all carbonaceous matter. Cool the 
melt and place the crucible and its contents in a 400-ml. beaker. Cover with 
125 ml. H2O. Digest for 2 hours. Filter. Wash the residue. To the fil- 
trate add a few mis. of concentrated HCl. Cover and heat. Precipitate the 
BaSOi as usual. (Factor for sulfur =0,1373.) The above methods do not 
distinguish between free sulfur, sulfur combined with the rubber hydrocarbon 
(sulfur of vulcanization) and sulfur in the fillers. 

If barytes (BaS04) is the only sulfur-bearing filler, the zinc oxide-nitric 
acid method is correct. 

Zinc Oxide-Nitric Acid Method for Total Sulfur (excluding sulfur in 
barytes). — Take a 0.5 g. sample in 500-ml. Erlenmeyer flask. Add 10 ml. 
ZnO-HNOj mixture made by adding 20 g. ZnO to 100 ml, concentrated HNO3. 
Allow the “ test ” to stand at room temperature for about 12 hours. Add 
15 ml. fuming HNO3. Do not allow ignition to occur (cool if necessary). 
When a solution is obtained add 5 ml. saturated bromine water. Evaporate 
on a £team-bath to a syrup. If necessary add more of the reagents. Cool 
and add KCIO3. Evaporate dry. Heat more strongly until all the nitrates 
are decomposed. 

Cool. Heat with 50 ml. concentrated HCl. (Any Ba salts are precipitated 
here.) Filter and dilute to 300 ml. Boil and precipitate with 10% BaCh. 
Calculate S. 

In the presence of other sulfur-bearing mineral fillers, the solution-method 
for separating fillers from non-fillers is employed in conjunction with the bro- 
mine-nitric acid method, as follows: Take a 0.5 g. sample. Extract with 
acetone. Heat to 135® C. (until dissolved) with 25 ml. cymene in a 150-mL 
flask. 

Dilute to 100 ml. with petrol-ether. Allow to stand overnight. Filter 
through, a “ Gooch ” with slight suction. Retain the residue in the flask, 
wash with 10 ml. portions of petroleum-ether, then hot benzene and finally 
with acetone. Again treat with the brominating solution. Evaporate dry. 
Add concentrated HCl and evaporate, and again HCl. Add hot water, filter 
and precipitate the sulfur in the filtrate by 10% BaCla solution. 



RUBBER, GUTTA-PERCHA, AND BALATA 


1985 


If BaSOi is present, make a fusion and subtract the sulfur in the mineral 
fillers from the total sulfur. 

Sulfide Sulfur. Steven’s Method (Chem. Analyst, 40, 275 (1915)). — Arrange 
a Kipp Apparatus for CO 2 ; and a 250-mI. flask with an inlet tube reaching 
nearly to the bottom; a ground-in stopper should be used. The outlet tube 
from the flask is connected to two absorption bulbs containing lead-acetate 
solution. 

Place in the flask 10 ml. concentrated HCl and then 20 ml. ether. Pass a 
current of CO 2 through the apparatus until all the air is displaced. Lift the 
stopper, and add 1 g. of the powdered sample. Again pass CO 2 (for 30 min - 
utes), shaking occasionally. The H 2 S evolved from the sulfides is absorbed by 
the lead-acetate. Heat the generating flask to ensure complete decomposition. 
Determine the lead-sulfide in the bulbs and calculate to sulfur. If pure nitrogen 
is available for sweeping out the apparatus, the procedure may be simplified 
by using NaOH in the absorption bulbs in place of lead-acetate. In this case, 
the sodium sulfide formed is oxidized to Na 2 S 04 by means of bromine. Deter- 
mine BaS 04 and calculate to S. 

Sulfate-Sulfur. — Ignite a 1 g. rubber sample in a porcelain boat in a stream 
of CO 2 . Boil the residue with Na 2 C 03 solution. Filter, acidify the filtrate 
with HCl, and boil to expel SO 2 from the sulfites. Precipitate the sulfate as 
usual with 10% BaCL. Calculate S. 

Sulfite- Sulfur. — Proceed as described above for sulfate-sulfur except that 
instead of boiling off the SO 2 , it is oxidized by bromine and thus converted to 
sulfate. 

Precipitate the total sulfate by 10% BaCL solution and calculate S. Sub- 
tract sulfur as sulfate ” from the sulfur as sul file sulfate.” Difference 
= “ sulfur as sulfite.” Or the SO 2 boiled off may be absorbed in NaOH solution, 
oxidized, and precipitated as BaSO^. 

The Sulfur of Vulvanization can now be calculated. Subtract the various 
sulfurs ” determined from the total sulfur — the remainder = vulcanization 
sulfur, i.e., the sulfur actually combined with the rubber-hydrocarbon. 

If the rubber is a simple “ rubber + sulfur ” mixture, the calculation of the 
sulfur of vulcanization involves the determination of the total sulfur by one 
of the methods described and the determination of the free sulfur (sulfur in the 
acetone extract). Subtract the latter from the former. 

If the sample is a complicated mixture it is necessary to carry out the follow- 
ing extractions in accordance with Weber’s scheme of analysis. Take a 2 g. 
sample and extract with acetone, chloroform, and alcoholic KOH. This leaves 
a residue containing rubber and fillers. Divide this residue into two parts; 
on one part find the Total Sulfur; on the other part carry out the solvent 
separation of the fillers and determine the sulfur in the latter by a fusion method. 

The difference between these values will give the sulfur combined with the 
rubber-hydrocarbon. 

The sulfur of vulcanization can also be obtained when the nitrosite method 
for determining the rubber is used. The nitrosite contains all the sulfur that 
was originally chemically combined with the rubber-hydrocarbon. 

Take an aliquot portion of the acetone-solution of the nitrosite compound. 
Remove the acetone by evaporation and determine the sulfur in the residue 



1986 


RUBBER, GUTTA-PERCHA, AND BALATA 


by the method of Waters and Tuttle (Br— HNO3), followed by fusion with 
alkali and KNO3. 

The best way of arriving at the sulfur of vulcanization is the following: 

Add together the free sulfur (the acetone extract), the sulfur found in the 
alcoholic KOH extract, and the sulfur in the inorganic fillers. Subtract the 
sum from the total sulfur found by the method of Waters and Tuttle. 

Determination of Selenium (Method of E, H. Shaw & E. E. Reid). — Take 
1 g. of the original rubber sample. Mix in a crucible with 0.5 sugar, 0.2 g. 
NaNOa and 14 g. Na 202 . Cover with a layer of Na 202 . Fuse gently. Cool, 
and leach out with HaO. Boil until the H 2 O 2 is decomposed. Filter. Acidify 
with HCl. 

The selenium has been oxidized to selenic acid. Add concentrated HCI and 
cover with a watch glass. Boil. Allow to cool to 90® C. Pass a current of 
SO 2 gas (from the siphon) until the red precipitate (Se) has agglomerated, 
lea\dng the mother liquid quite clear. Rinse the watch glass and dilute with 
H 2 O. Filter through a prepared Gooch.” Any selenium adhering to the 
sides of the beaker can be removed by alcohol. Wash the precipitate in the 
“ Gooch,” first with alcohol, then with H 2 O. Dry at 115® C. to constant 
weight. 

Determination of Chlorine (in cold vulcanization goods or mixtures con- 
taining w^hite oil'Substitute). — (Henriques* Method.) Take 1 g. of the original 
sample in a porcelain crucible and mix with 2.5 g. Na 2 C 03 and 2.5 g. KNO 3 . 
(These reagents should be examined for chlorine.) Fuse gently and leach out 
with hot water. Heat nearly to boiling and filter. Acidify the filtrate with 
HNO 3 . Determine the Cl gravimetrically or by the following method. Add 
25 ml. N /10 AgNOa standard solution. Heat to 80® C. and determine the 
excess of AgXOj by means of standard N/10 NH^CNS standard solution, 
using ferric-alum as indicator. (See page 271.) 

(Carius* Method) 

Place 0.3 g. of original rubber in a Carius Tube and add 5 ml. fuming HNO 3 
and 1 g. of solid AgNOa. Seal and heat in the furnace. Open the tube and 
empty contents into a beaker. 

The residue consists of a mixture of AgCl and insoluble mineral matter, 
(Most rubber compounds contain mineral matter insoluble in HNO 3 .) Heat 
the residue with dilute H2SO4 in a Pt crucible and add a few pieces of pure zinc. 
Allow the reaction to continue until the zinc has dissolved. Stir occasionally. 
Filter and w^ash with hot water. The silver has been reduced by the Zn and 
the chlorine is in the filtrate. Determine chlorine by the usual methods. 
(See page 265.) 

Qualitative Test for Glue (Epstein & Lange’s Method). — Take 3 g. of the 
rubber sample and heat with pure cresol for 16 hours at 120® C. The rubber 
dissolves. Cool and dilute with petroleum-ether. The glue and other in- 
solubles settle out. Allow to stand overnight. Or the liquid may be centri- 
fuged. Filter on a prepared “ Gooch,” wash with warm petroleum-ether, 
and then with hot benzene. Dry the crucible and contents at 90® C, Remove 
the contents of the crucible to a beaker and boil with H 2 O. Filter and add a 
solution of tannic acid. 
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Quantitative. — The method of Epstein & Lange may be applied quan- 
titatively. 

Detennination of Glue. — This may be calculated approximately from the N 
content of the original material after allowing for the natural protein of the 
rubber itself. The per cent N in rubber varies from 0.2 to 0.6. Some knowl- 
edge of the source of the rubber is necessary. But if the rubber contains ac- 
celerators or antioxidants, which is likely in modern practice, this method 
would give erroneous results unless the rubber is first extracted with acetone 
for eight hours. In any event the method involves a knowledge of the per- 
centage of rubber in the sample and it is known that some of the N compounds 
natural to rubber are removed by acetone. 

The Kjeldahl Method is as follows: Extract 2 g, of the original rubber with 
acetone for 8 hours. Determine the total N content as usual (running a blank 
on the reagents, and using the factor 6.25). 

Assume the N in the rubber to be 0.4%. Subtract this from the total N 
and multiply the difference by 6,25. 

The N in accelerators is variable ; it may run as high as 20%, but is often less ; 
only about 1% of accelerator is used in a rubber compound. Therefore an 
approximate idea of the amount of glue is possible. 

Bone-glue is detected by testing the ash for phosphates, A high content 
of P. indicates bone-glue. 


Determination of Cellulose 

Cellulose may be present in two forms. 

1. As the cotton fabric upon which the rubber was spread. 

2. As a filler ingredient, in fiber form or cotton watse, etc. 

To determine the relation of the tissue to the rubber material and to ascer- 
tain the structure of the fabric as well as the weight of rubber per unit area, a 
process is used similar to the solution method for Total Inorganic Fillers (or 
loading). 

Take a convenient sample. If it has a thick coating of rubber, the latter 
should be removed as far as possible without damaging the fabric ; reserve the 
rubber. Cut up the remainder of the sample into small pieces and heat in a 
flask (use reflux) with petroleum or in an autoclave with benzene or xylene. 
Continue the digestion until the rubber dissolves. Filter off the residue, wash 
with benzene and afterwards with ether. Dry and w^eigh. 

The material still contains the loading between the fibers. 

Heat with NaOH solution. Wash with H 2 O. Heat with acetic acid and 
wash with water. Dry to constant weight at 100'* C, Weigh. 

Burn off the cellulose material and weigh again. 

Loss of weight -cellulose (anhydrous). 

As cellulose matter in the air-dry condition generally contains 7% moisture 
add 8 % to the result to obtain the weight of the cellulose material as originally 
used. 

This method of course fails if there are other combustible materials and 
volatile inorganic fillers. 

Epstein & Moore’s Method ® (B. of S. Tech. Paper No. 154).— Take 0.5 g. 

• See also Standard Methods, page 2009. 
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of the sample in a flask and add 25 ml. freshly distilled cresol ; heat for four 
hours at 165° C. under reflux. Cool and add 200 ml. petrol ether, shake con- 
tinuously for a time and then allow to settle. Decant the clear portion through 
a tared ** Gooch." Wash the residue in the flask with hot benzene and then 
with acetone. Add hot 10% HCl to the residue in the flask and transfer it 
to the Gooch." Wash with 10% HCl. Wash thoroughly with boiling H2O 
(until free from chloride) and then with acetone until the filtrate comes through 
clear and colorless. Transfer to a tared weighing bottle. Dry at 105° C. 
to constant weight ( = A). (This gives the weight of the asbestos pad+inor- 
ganic fillers and cellulose.) 

(a) Transfer the contents of the weighing bottle to a flask and add 15 ml. 
acetic anhydride and 0.5 ml. concentrated H2SO4. Digest in the steam bath 
for 1 hour. Cool, and add 25 ml. 90% acetic acid. Filter through a tared 
“ Gooch." Wash with acetic acid and afterwards with acetone. Dry the 
crucible at 105° C. Cool and weigh ( = 5). Loss of weight (A —B) -cellulose. 

(b) Or the following procedure. 

Transfer the contents of the weighing bottle (at A) to a flask and add 25 ml. 
of "" Cu-Oxam" solution. Allow the mixture to stand for 12 hours, shaking 
at intervals. Filter through a tared “ Gooch," Wash first with " Cu-Oxam,” 
and then with dilute ammonia until the filtrate runs colorless. Dry the crucible 
to constant weight ( = B). Net weight of the residue A -net weight of the 
residue B^C (wt. of cellulose dissolved by the “ Cu-Oxam.") 

The weight of the cellulose may be confirmed by precipitating the cellulose 
from' the blue filtrate by adding sodium chloride and then dilute sulfuric acid. 

The precipitated cellulose is filtered, washed with hot H^O until free from 
chlorides (test washings with AgNOs). Dry the cellulose at 105° C. and weigh. 

Determination of the Inorganic Fillers 

Modern rubber practice makes use of a formidable list of inorganic fillers, 
in fact it is difficult to mention any low-priced material that has not been tried 
in rubber mixes. 

The following list comprises substances that have proved of definite use 
and that may be found in rubber material at the present time. Some of these 
substances are used for specific effects (such as, aids to vulcanization, increase 
of tensile strength) whereas others are mere diluents added to cheapen the 
product. 

Ail the inorganic fillers are added in finely powdered form. The most 
commonly used are; Zinc-oxide, litharge, lithopone, pumice powder, chalk, 
lime, clay, barium sulfate, magnesia, basic magnesium carbonate, pentasulfide 
of antimony. 

The following are leas common : Mercury-sulfide, arsenicals, red lead, white 
lead (basic lead-carbonate), lead-sulfide, ultramarine, lead-sulfate, zinc dust, 
ferric-oxide, aluminium-oxide, kaolin, calcium-sulfate, powdered glass, silica, 
asbestos, talc. 

Before a systematic examination of the inorganic fillers can be made the 
organic material must be carefully removed. The inorganic constituents may 
then be determined in accordance with systematic inorganic analysis but the 
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following will give the general procedure in a rubber laboratory. For the 
purpose of separating the fillers, Rothe’s Method is recommended, as this 
obviates the loss by volatilization of certain ingredients if present (As, Sb, Hg). 
(A rough idea of the amount of ash may be obtained by simple ignition in a 
tared porcelain crucible, and this should be carried out as a preliminary.) 

For Rothe's Method the amount of rubber taken should be enough to 
produce 1 g. of ash. The weighed rubber is placed in a round-bottom Pyrex 
flask of about 300 ml. capacity. Add (per gram of rubber) 15 ml. concentrated 
HNOs and 2 ml. concentrated H2SO4. Heat on a sand bath for 1 hour and 
then more strongly to fumes of SO 3 . Finally heat by naked flame to boil the 
H2SO4. Cool, and add more HNO3 (10 ml). 

Heat until the liquid becomes colorless. If necessary add more HNO3. 
Cool, and pour the strong acid solution into 50 ml. H 2 O. Boil the solution, and 
filter. 

The residue (A) may contain PbS 04 , CaS 04 , BaS 04 , silica, silicates, and 
(if Sb is present) antimony oxide and Pb antimoniate, stannic oxide. Pb 
may be removed by boiling the residue with several portions of ammonium 
acetate (-I-NH4OH) solution or the hot ammonium acetate may be passed 
through the filter containing the residue. This leaching should be continued 
until the “ washings fail to contain Pb (test with K 2 Cr 04 or H 2 S). 

Wash the residue and reserve it for further treatment (see under Ba). 
The “ ammonium acetate-Pb solution ” may contain a little calcium. The 
calcium in the filtrate from Pb is evaporated to dryness in a porcelain dish. 
The ammonium salts are ignited, the residue is dissolved in dilute HCl and 
Ca is determined (as on page 210). 

Barium. — Take the residue after the removal of the PbS 04 by ammonium- 
acetate (above). Ignite with a mixture of sulfur and Na 2 C 03 (equal parts). 
Apply one bunsen to the bottom and another to the top of the crucible and 
continue the heating until sulfur ceases to burn beneath the cover. Cool. 
Leach out with H 2 O. Filter. The residue may contain BaCOs (silica and 
silicates) and PbS. The filtrate may contain antimony and tin (if present)— 
reserve (B). Take the residue, add hot HCl to dissolve the Ba, Ca, and Pb, 
leaving (as insoluble) the silica and silicates. [|This insoluble should be ignited 
and fused with a mixture of K 2 C 03 +Na 2 C 03 . Leach with water and filter. 
(If any residue occurs here it should be tested for bases.) The filtrate from 
the alkali-fusion may be discarded as silica is best determined in a separate 
portion of the original sample.] 

The acid filtrate containing the Ba and Ca is now tested for Pb and, if 
found, H 2 S is passed through the solution to completely remove it. The 
Ba and the Ca are determined in the filtrate by usual methods (see page 122). 

The filtrate from residue A may contain Hg, As, Sb, Sn, Zn, Cr, Fe, Ca, 
and alkali metals, etc. 

Hg. —Pass H 2 S to precipitate Sb, As, Sn, Hg. Filter and transfer with 
HjjS to a beaker. (Reserve, filtrate D.) Boil with dilute NaOH — the Sb, Sn, 
As dissolve— and filter the insoluble HgS. Wash the HgS and dissolve it in 
aqua regia. Boil off the chlorine, dilute, and pass H 2 S. Determine the Hg 
as HgS in usual manner (see page 577). 
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As. — Acidify the alkaline solution containing As, Sb, Sn and pass H2S. 
Filter the precipitate and wash with H2S water. Transfer the precipitate to 
a beaker and add warm concentrated HCl. The Sb and Sn dissolve. Thor- 
oughly wash the As sulfide. Dissolve it in aqua regia and determine the As as 
magnesium pyro-arsenate (see page 96 ). 

Sb. — The solution from the arsenic is now combined with the filtrate B 
(above). Add NaOH and bromine (drop by drop) to oxidize all the sulfur 
(present as Na^S). Acidify and boil the solution to remove excess of bromine. 
While still boiling siddferrum-redactum to precipitate the Sb (Sn is not reduced). 
Filter through a small filter besprinkled with the iron. Wash with dilute HCl. 
Reserve filtrate (C) for Sn. Transfer the Sb to a beaker and dissolve it in HCl 
(hot), adding a little bromine. Boil off the excess bromine. Add KI and 
H2SO4 to reduce the SbCU to SbCb. Precipitate the Sb as Sb2S3 and determine 
it electrol3rtically (see page 73 ). If the amount of Sb is small, determine it 
gravimetrically as Sb204 (see page 72 ) or colorimetrically by the KMn04 
method. 

Sn. — Take the filtrate C from the antimony-tin separation." Pass H2S 
gas, filter off the tin-sulfide and determine as Sn 02 (see page 959 ). 

Zn. — Take the filtrate D reserved from the precipitation of Hg, Sb, Sn, 
and As. Boil off the H2S. Make alkaline with NH4OH. Add formic acid. 
Pass H2S, and allow the ZnS to settle out. Filter, and wash with H2S water 
containing a little formic acid. Ignite and determine as ZnO, or by any other 
standard method described under Zinc. (See page 1058 .) (Reserve filtrate 
for Fe, Al, Cr. etc.) 

Fe, Al, Cr. — Boil off 1128. Oxidize and precipitate Fe, Al, Cr. Separate by 
standard methods (see page 467 ). 

Ca. — ’Take the ammoniacal filtrate from Group III (a). Evaporate, acidify 
with acetic acid, boil and precipitate the calcium as oxalate. Determine as 
CaO (see page 210 ). 

Mg and Alkali Metals, — Take the filtrate from Ca, acidify with H2S04. 
Ignite to decompose the NH4 salts. Dissolve in 1% H2SO4. Filter into a 
platinum crucible. Ignite to drive off excess of H2SO4. The residue may con- 
tain ]MgS04, IV2SO4, ]Sa2S04. 

Weigh “ Total residue." Dissolve in hot water and precipitate the Mg with 
ammonium phosphate. Determine Mg as pyrophosphate (see page 532 ). 
Recalculate the Mg to sulfate and subtract from the " Total residue." Calcu- 
late the difference to Xa20. 

Silica and Silicates. — (Powdered glass, pumice, kaolin, infusorial earth, 
etc.) Silica is most conveniently determined alone on the original material. 

Take 1 g. and fuse in a Pt crucible with about 6 g. of a mixture of K2CO3 
and Na2C03 (equal parts). (Before using a platinum crucible for the fusion 
of rubber compounds it is always advisable to test for Pb. If lead is present 
use a porcelain crucible.) 

Cool the melt. Leach with water. Boil and filter. Wash. Acidify 
with HCl. Evaporate the filtrate to dryness. Bake at 135 ® C. Add 5 ml, 
concentrated HCl. Evaporate dry, and again bake at 135 “ C. for one hour. 
Add 5 ml. concentrated HCl and dilute with HjO. Filter and wash. 
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Ignite in a platinum crucible and weigh as Si02 (test its purity as on page 
801). 


VERMILION IN RUBBER GOODS 

In absence of other metals of second group/ 

Weigh out 0.5 g. sample, place in 500-ml. Kjeldahl flask, add 25 ml. 
concentrated H2SO4, and 3 g. K2SO4. Boil over a bunsen burner until solution 
is colorless. Bumping may be prevented by adding a few pieces of paraffin. 
Cool, and wash into a 400-mI. beaker. Add water until volume is about 250 
ml. Heat on hot plate and pass H2S through hot solution until precipitation 
is complete. Filter off the sulfide, wash precipitate back into the beaker, add 
200 ml. of water and 2 g. Na2S03 and boil for 3^ hr. to dissolve out free sulfur. 
Filter the precipitate through a weighed Gooch, wash with hot water, dry at 
100-105° C., and weigh as HgS, 


HARD RUBBER (EBONITE) 

This is analyzed in the same manner as soft-vulcanizcd rubber. 

The sample is rasped to fine powder of which 2 g. are taken and extracted 
with acetone for 72 hours. The acetone extract is treated as for soft rubber, i.e., 
find weight of total extract and the sulfur in it is determined as usual. The 
difference gives the “ organic ” acetone extract. Rubber as used for ebonite 
contains about 4% resins; therefore if this figure is exceeded, it is probable 
that resins have been added and these may indicate that all the added resins 
have not entered the acetone extract. — Amber and shellac arc insoluble in 
acetone, and are frequently used in hard rubber. It is recommended that 
the residue from the acetone extraction be extracted with epichlorhydrin 
(B.P. 170° C.) which will dissolve the amber, shellac, copal, and dammar 
resins if present. The extract obtained is evaporated and the weight deter- 
mined. (Determine the sulfur.) Extract the residue with chloroform, and 
determine the extract as usual. 

The residue from the chloroform contains the rubber-hydrocarbon com- 
bined with sulfur and the inorganic fillers (also sulfur in fillers). Determine 
the inorganic fillers by careful incineration. 

’ Methods of the American Hard Rubber Company, by courtesy of D. E. Jones, 
Chief Chemist. 
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Determine the sulfur in the residue from the chloroform, and subtract the 
sulfur in the mineral fillers. The difference gives the sulfur combined with the 
rubber itself (i.e. sulfur of vulcanization). The inorganic constituents are 
determined in the ash in a manner similar to that described for soft vulcanized 
rubber. 

The amount of rubber is found by difference. 


RECLAIMED RUBBER (“REGENERATED RUBBER ») 

A quantitative determination of the amount of “ reclaim '' in a vulcanized 
rubber compound is impossible, and all that can be done is to make deductions. 
For instance, “ reclaim ” yields a large acetone extract and therefore any 
abnormally high value for this extract points to either the use of reclaimed 
rubber, or oil surrogates, or added resin. The almost universal use of organic 
accelerators may so lower the vulcanization coefficient of the rubber mix that 
any abnormally high sulfur figure for the reclaim itself w.ouId be masked. 

The examination of “ reclaim is carried out by the ordinary methods of 
analysis for vulcanized rubber. 

Good quality “ Reclaim should not yield more than 10% to acetone. 
Asphalt is found by extraction with chloroform as for soft vulcanized rubber. 

(For tests on “ Reclaim ” see Ind. Eng. Chem., IS, 308-313 (1923) and 
Circular No. 232, Bureau of Standards, Washington.) 

The following table gives the highest and lowest figures for usual qualities of 
commercial whole-tire reclaim : 

Specific gravity .... 

Moisture (max.) , . . 

Alkalinity (4 hrs.) . 

Acetone Extract . . . 

Ale. KOH Extract, 

Chlproform Extract 

Ash 

Tensile Strength . . . 

Elongation 


1.16 to 1.26 
1 . 0 % 

0.15% 

7-10% 

2 % 

20-28% 

18-25% 

600-1000 lbs. per sq. inch 

300-500% 


GUTTA PERCHA AND BALATA 

Gutta percha is obtained from the latex of certain plants belonging to the 
Natural Order, Sapotaceaej growing wild in the Malay Peninsula, Sumatra 
and Borneo. 

The true gutta percha (and the best quality) is obtained from the tree, 
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Palaquium ohlongifolium, although allied species give a similar, but inferior, 
product. 

Balata is obtained from the tree, Mimusops globosa, growing abundantly 
in Venezuela dnd the Guianas. 

The hydrocarbon of gutta percha and balata is somewhat similar (but with 
very important differences) to that of rubber. A larger proportion of resin 
(acetone-extractable material) is associated with the two former, amounting 
frequently to 50%. Gutta percha as extracted from leaves, at Tjipetir, by 
the petrol-solution method and subsequent chilling, is almost white in color, 
and contains only about 1% of resin. When cold, the gutta and balata hydro- 
carbons are hard and tough like leather. They are thermoplastic, while 
resilience (as exhibited by rubber) is almost entirely absent. 

Gutta percha is used chiefly for sub marine- cable insulation material, 
moldings, surgical and chemical utensils (HF containers) whilst balata is a 
useful ingredient of belting. Although gutta and balata can be vulcanized 
their value is not increased thereby. 

These two materials are therefore used after being carefully washed, 
strained and dried. Compounding ingredients are sometimes added, and the 
material is often deresinated in order to produce harder products. 

(For a full account of Guttapercha, see Obach, Cantor Lectures, J. S. A., 
8 (1897).) 

As the supply of good guttapercha is becoming restricted, the price is rising ($2.00 
per lb. for best quality) and therefore adulteration or substitution is not infrequent. 

The price of Balata on the other hand remains about 50 cents per lb. and there seems 
at present an ample supply. 

Sampling. — It is almost impossible to obtain from a case of gutta percha 
a truly representative sample fit for chemical analysis. The material arrives 
in lumps of all manner of shape and is not homogeneous. 

Washing Loss. — The only satisfactory way to arrive at the washing loss 
is to wait until the whole consignment has passed through the factory washing 
and drying processes. Calculate washing loss.” 

Analysis of Gutta Percha and Balata. — The usual determinations required 
are: Moisture, resin, dirt, gutta-hydrocarbon. 

Moisture. — Cut up the sample (a thin sheet from bulk) into snippets and 
mix. Take 3-5 g, in a flat dish, and dry in vacuo at 75° C. for six hours ; or the 
material may be warmed in a current of dry COa. 

Resin. — (Acetone-extract.) 

(Note: Acetone is the best solvent for the extraction of resins from gutta 
percha and balata. Ether dissolves a part of the gutta or balata, thus giving 
high results for “ resins,” whilst with alcohol the gutta hydrocarbon becomes 
thermoplastic on account of the relatively high boiling point of the solvent, 
the snippets coalesce and the extraction is therefore incomplete.) Take a 2 g. 
sample of the snippets and extract with acetone for 6 to 12 hours by the method 
described for raw rubber (page 1969). Evaporate the solvent, and dry the 
extract at 110° C. to constant weight. Both the extract and the residue from 
acetone are liable to oxidation. Therefore the drying is preferably performed 
in a vacuum desiccator, heated electrically; or in an inert gas. 



1994 


RUBBER, GUTTA-PERCHA, AND BALATA 


The resins of gutta percha and balata are a mixture of white and yellow 
resins. The white resins (Albanes) are soluble in hot alcohol (not in cold). 
They are crystalline and have a composition approximating to Cj7H260. The 
yellow resins (Fluavils) are amorphous and are soluble in cold alcohol as well 
as hot. 

This difference in solubility affords a method of separation if required. 

Gutta (and Balata) Hydrocarbon. — (Rapid Method.) Boil 1 g. of the sam- 
ple with 20 ml. redistilled toluene. Heat to 100° C. on a water-bath until 
dissolved. 

Pour the solution into 50 ml. alcohol (95%). Allow the contents of the 
vessel to stand for a few hours. Warm and agitate to clear the liquid. Remove, 
redissolve in toluene and reprccipitate by alcohol. Dry the hydrocarbon in 
vacuo and w'eigh in a closed weighing bottle. The hydrocarbon may also be 
calculated by difference as for rubber-hydrocarbon. 

Dirt. — This is generally under 0.5% for washed and strained material after 
the factory cleaning process. The dirt consists of both organic and inorganic 
debris. The inorganic matter may be determined by incinerating a 1 g. sample 
of the original material. 

The organic '' debris consists of fine particles of bark. If this determina- 
tion is required a solvent method must be employed and when the residue is 
obtained it should be weighed (organic and inorganic dirt) and ignited to 
obtain mineral (weigh). Subtract the latter from the former weight and thus 
determine the organic debris. The “ dirt ” should be examined for ZnO, 
lithopone, antimony sulfide and carbon. 

Obach gives the following range as typical of Gutta Percha. 


Water 

Dirt 

Gutta \ 

Dl.5% 

3-5% 

30-83% 

Hydrocarbon / • • • 

Alban 

7-44% 

Fluavil 


Ash, max 

0..'5%'’ 


The average composition of balata (ordinary quality) as follows i 

Water 

Dirt 

Resins 

Balata 

Hydnjcarbon 

After washing ; 


7% 

10 % 

39% 

43% 


Balata Hydrocarbon 52% 

Resins 47% 

Water 1% 

Separation of Balata and Rubber, or Gutta Percha and Rubber. — The gutta 
(and balata) hydrocarbon is insoluble in petroleum ether below 0° C., whereas 
the rubber hydrocarbon and resins remain soluble. This fact (which forms 
the basis of the process for producing leaf gutta at Tjipetir, Malay) is used as 
the means of separation required. 
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The rubber containing balata and (or) gutta percha is dissolved in warm 
petroleum-ether. The solution is then chilled to about minus 16° C. The 
balata (gutta percha) hydrocarbon is precipitated as a white flocculent solid. 

Charleson’s Method for separating gutta percha (balata) hydrocarbon from 
rubber (as in compounds for golf ball covers). Mix the sample on the mixing 
rolls and then make a very thin sheet.’ Of this take about 3 g. and dissolve it 
in a flask containing 200 ml. of petroleum ether. Warm on a steam bath with 
frequent agitation. When the whole is in “ solution ’’ allow the flask to cool 
to room temperature and then place it in a freezing mixture capable of producing 
a temperature of — 12° C. 

The balata (or gutta) hydrocarbon is precipitated, while the rubber and 
resins remain in solution. 

Filter the contents of the flask through a funnel surrounded by a freezing 
mixture and wash with ice-cold petroleum ether. Collect the precipitate and 
dry it in an electrically heated vacuum desiccator. Weigh the dried residue. 


PHYSICAL TESTS 

As previously mentioned chemical analysis of rubber (raw and manufac- 
tured) should be supplemented by physical tests. Analytical determinations 
are of value for the evaluation of raw rubber, yet may be inadequate for judging 
quality and technical value unless accompanied by mechanical and vulcaniza- 
tion tests (i.e., rate of cure and quality of the vulcanizate) . 

The mechanical tests carried out include the determination of the stress- 
strain relations (modulus) on stretching and compression hysteresis (repetition 
of stretch and release). (The technique of the tensile tests, etc., are fully dis- 
cussed by G. S. Whitby in " Plantation Rubber and the Testing of Rubber 
and deals in detail with the interpretation of results.) 

The technique of vulcanization tests involves a “type-mixture” and the 
standardization of the conditions of vulcanization so that any new consignment 
of rubber may be compared under identical conditions in different laboratories 
or be compared with a known quality. 

Considerable care must be exercised in the preparation of the sample for test. 
A standard temperature (70° C.) should be maintained upon the masticating 
rolls. The ‘ nip ' should be fixed at a standard distance according to the size 
of the batch, and a constant temperature is set for vulcanization (press or 
autoclave). 

The test-pieces may be either dumb-bell shaped or rings. 

For mechanical testing, rings are often preferred although there is difference 
of opinion respecting their relative value. The rings are generally used in a 
' Schopper Machine ^ which possesses two rotating cylinders whose distance 
apart may be inoceased gradually while the pull (load) and elongation are pro- 
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gressively recorded autograph! cally, thus producing a stress-strain curve. 
The advantage of ‘ rings ' over the dumb-bell shaped testrpieces lies in the fact 
that the difficulties incurred with grips (which slip, or tear the sample) are 
obviated. Also, as the tensile strength and elongation at the moment of 
break are less important than the stress-strain curve throughout the stretch 
an autographic recording device is essential and this is provided on the ring- 
testing machines. Nevertheless, errors due to rings exist due to the fact that 
although the stress measured by the ring-test is the average, the elongation is 
that of the inner edge only. But a more serious error may arise with test- 
rings cut from calendered sheet which possess a distinct grain and shows its 
greatest tensile strength in the direction parallel to this grain. Rings will 
break at their weakest point (across the grain) whereas dumb-bell ” test- 
pieces may be cut so as to enable mechanical tests to be carried out in any 
direction. 

Ageing Tests may be conducted in a Geer oven, or by the method of Bierer 
and Davis, which provide accelerated ageing under scientific conditions. 

Abrasion Tests (on tire-tread material, etc.) may be carried out by running 
a ball (cut from the material) in a V-shaped groove under a given load at a 
fixed speed. The ball is tested to destruction. 

Permanent Set indicates the quality of the " cure.” Properly vulcanized 
rubber should show no permanent set after a reasonable period of rest (10 
minutes). The test is made by measuring the distance between fine gauge 
marks upon the narrow portion of the dumb-beU test-piece, before and after 
stretching. 

The stress-strain curve of rubber is unique and is exactly opposite in charac- 
ter to that of metals which follow Hookers Law. Schidrowitz has demon- 
strated that the hysteresis loops are characteristic ; strong firm rubbers show 
long flat loops which become constant after the second cycle, whereas soft 
rubbers give upright loops of small area. 

Attempts to determine quality numerically are not exact, but lead to 
useful comparisons. Two “ characteristics ” are frequently used, viz., the 
“ Tensile Product ** and ** Slope.” 

The Tensile Product of a vulcanizate is a number obtained by multiplying 
the tensile strength at break by the ratio of final length at break to the original 
length of the test-portion. (Thus, in metric units, if the ultimate strength is 
1.3 kg. per sq. mm., and the final length between the gauge-marks is 700% 
of the original, then the Tensile Product is 9,1.) 

The Slope is the rate at which increasing load increases the extension and 
represents the resistance to stretching at high elongations. 

The Friction-Pull Test measures the adhesion existing between the layers 
of rubber-coated fabric. Two standard methods are employed. 

(1) The dead-weight method; strips 1 in. wide are mounted in a clamp. 
The ply is separated a sufficient distance to enable weights to be loaded until 
the layers begin to separate. The load required to cause a separation of 1 in, 
per minute is taken as the friction-pull,” 

(2) Test-machine method: The ends of the separated plies are gripped in 
opposing jaws which are drawn apart at the rate of 2 in. per minute. The 
friction-pull is recorded on a dial, or autographically. 
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The conditions laid down for physical-testing and recommended by the 
Rubber Div. of the Amer. Chem. Soc. to be adopted as standard by all Testing 
Laboratories are as follows (see Rubber Chem. and Tech., 3, 179 (Apr. 1930)). 

Mill Data: Rolls 12 in. X6 in. ; working distance between the cheeks 10 in. ; 
speed of slow roll = 24 r.p.m. ; gear ratio 1:4; temperature of rolls during 
mastication = 70° C. , The nip will vary with the volume of the batch 
(i.e. for 800 ml. use a nip H in. wide, etc.). 

Mixing; All ingredients to be weighed to 0.25%, During mastication the 
‘‘ nip '' shall be .055 in. until the rubber runs smooth — then open out as volume 
increases. 

Order of Adding Ingredients: Accelerators, antioxidants, blacks, fillers, 
softeners, sulfur. 

Storage of Batch: Stack for 24 hours on a galvanized- wire netting, in the 
dark at 27° C. and a relative humidity of 45%. (Variation in humidity causes 
great variation in tensile strength.) 

Preparation of the Stock for Curing: Cut with a die in. less in length and 
width than the mold cavity— the grain of the material should run parallel 
to the length of the mold. 

Curing Temperature: The temperature inside the mold should be registered 
by means of a thermocouple. The platens should be bored and good drainage 
should be secured to avoid cold spots. 

Time of Cure: This should start from the time the hydraulic pressure reaches 
the prescribed maximum, and end at its release. The mold should be pre- 
heated for 20 minute and should be shielded by felt during the cure. 

Molds: No “ preparation ” of any sort need be used to prevent sticking. 
The molds may be cleaned when necessary with ground emery and water. 

Cooling of Cured Test~pieces: Place the specimens immediately in cold 
running water to cool for ten minutes. When cool, wipe dry and store on 
wire-net in the dark. 

Die-ing of Specimens: Wet with water and cut to standard size (dumb-bell 
shaped specimens are recommended). 

Temperature of Mechanical Test: 27° C.±2° C. 

Speed of Test: A Scott Testing Machine is recommended, travelling at 20 
inches per minute. 

Results: Breaks outside the narrow straight portion of the specimen are 
discarded. Take the highest figure together with those within 5% and take 
the average. 
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RUBBER COMPOUNDS AND COMPOUNDING 
INGREDIENTS ^ 

The analytical side of rubber chemistry falls naturally into two divisions : 

1. Analysis of rubber compounds, either vulcanized or unvulcanized. 

2. Analysis of raw materials, including rubber, softeners, fillers, etc. 

Most of the analyses in the first class require special technique, and while many 
of those in the second class are common in other lines, the proper interpretation 
of analytical results involves some knowledge of rubber chemistry and com- 
pounding practice. 

Samples of rubber compounds are usually analyzed for one of four purposes: 

1. To check conformity to chemical specifications. 

2. To determine the composition for purposes of duplication. 

3. To determine the state of “cure” of a compound of known properties. 

4. To check the proper weighing or mixing of a batch. 

Many methods have been published for the various determinations required, 
but after extensive conferences and testing, the following methods for the com- 
mon determinations have been recommended by the Division of Rubber 
Chemistry of the American Chemical Society and the A. S. T. M.® Other 
methods and special determinations will be found in a subsequent chapter. 


STANDARD METHODS FOR THE ANALYSIS OF 
RUBBER GOODS 3 

Reasons for the Analysis 

Acetone Extract. — If the acetone extraction is made on a vulcanized com- 
pound, the acetone removes the rubber resins, the free sulfur, any mineral oils 
or waxes, and part of any bituminous substances or vulcanized oils that may 
have been used. The percentage of free sulfur is determined and deducted 
from the total extract. The corrected figure thus obtained will at times give 
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valuable information regarding the quality of the rubber present. For the 
best grades of Hevea rubber, this corrected extract should not exceed 5% of 
the rubber present. A higher extract may indicate the presence of inferior or 
reclaimed rubbers. 

Chlorofonn Extract. — The chloroform extraction removes a portion of the 
bituminous substances and serves as an indication of their presence. 

Alcoholic-*AlkaIi Extract. — The purpose of the alcoholic-alkali extraction is 
to detect the presence of rubber substitutes. 

Free Sulfur. — The free sulfur is defined as that which is removed during 
the acetone extraction. 

Total Sulfur. — This represents the sulfur that occurs in the compound either 
fre^ or chemically combined. 

Ash. — The ash is the residue left after ignition, and consists principally 
of the nonvolatile mineral fillers, together with their reaction products with 
sulfur. 

Sulfur in Ash. — The sulfur in ash consists of the sulfur from the mineral 
fillers, and also part of the sulfur that was with the rubber, but which during 
ignition enters into combination with one or another of the mineral fillers. 

Special Determinations. — Special methods are given for the analysis of 
compounds that contain glue, carbon, antimony, and waxy hydrocarbons. 

Rubber, — Up to the present time no simple method has been devised for 
the direct determination of the amount of rubber present in a vulcanized 
compound. Therefore, an indirect method is proposed which will give satis- 
factory results in all cases known to-day, except where there are found to be 
present decomposable fillers, such as carbonates, cellulose, and high percent- 
ages of mineral rubbers. As practically all insulating compounds contain 
some of these ingredients, the said compounds when specified shall be analyzed 
in accordance with Joint Rubber Insulation Committee’s method, as given in 
Paragraph 34. 

When carbonates, talc, and asbestine are present, more accurate results 
are obtained by the use of the Joint Rubber Insulation Committee's methods 
given in Paragraph 34. 

If high percentages of mineral rubber are used, no accurate method is 
known. If cellulose is present, the best results are obtained by the method 
given in Paragraph 35. 

Preparation of Sample 

1 . Before preparing a sample for analysis, the analyst shall, by inspection, 
assure himself that it has not been contaminated. The sample shall be pre- 
pared by taking pieces from various parts of the original sample and separating 
them from foreign matter. 

2- The pieces shall be ground to the required fineness on a rubber mill or 
cut with scissors so as to pass a No. 14 sieve. 

3. Hard rubber should be prepared by rasping with a coarse file, cleaning 
with a magnet, and passing through a No. 14 sieve. 

4. Crude, reclaimed, or unvulcanized rubber shall be sheeted out very thin 
on an experimental mill, and shall be rolled in holland or other cotton cloth 
to prevent the sample from sticking. If no mill is available, the sample shall 
be cut as fine as possible with scissors. 
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5. Samples of rubberized cloth shall be prepared by cutting into pieces 
1.5 cm. square and then mixing well. 

6. Cements: Cements shall be evaporated to dryness and the residue 
analyzed as an unvulcanized sample. A separate sample shall be steam- 
distilled if examination of the solvent is desired. 


Reagents 


7. The acetone shall be chemically pure, and shall be freshly redistilled 
over anhydrous sodium carbonate, using the 56° to 57° C. fraction. 

8. The alcoholic-alkali solution shall be of normal strength. It shall be 
made by dissolving the required amount of alkali (either potassium or sodium 
hydroxide) in the smallest quantity of hot, distilled water and adding this to 
specially purified alcohol, which shall be prepared as follows: 

Dissolve 1.5 g. of silver nitrate in 3 ml. of water, and add it to 1000 ml. of 
alcohol. Dissolve 3 g. of alkali in the smallest amount of hot water, cool, 
add it to the alcoholic-silver nitrate solution, and shake thoroughly. Allow 
the solution to stand for at least 24 hrs., filter, and distil. (Alcohol denatured 
with 10% by volume of methanol may be used in place of ethyl alcohol.) 

9. The nitric acid-bromine reagent shall be prepared by adding a consider- 
able excess of bromine to concentrated nitric acid and shaking thoroughly. It 
can be used immediately. 

10. The zinc oxide-nitric acid solution is made by adding 200 g. of zinc 
oxide to 1000 ml. of concentrated nitric acid, 

11. Barium chloride solution shall be made by dissolving 100 g. of crystal- 
lized barium chloride in 1 liter of distilled water and adding 2 to 3 drops of 
concentrated hydrochloric acid. If there is any insoluble matter or cloudiness, 
the solution shall be heated over night on the steam bath and filtered. Care 
should be taken not to add more acid than the amount specified. 

12. Standard 0.1 N potassium permanganate solution shall be made as 
follows: 

Dissolve approximately 3.1 g. of potassium permanganate in 1 liter of 
water, and when it is dissolved filter through an ignited asbestos pad. Weigh 
out 0.25 g. of pure metallic antimony and transfer to a 600-ml. Erienmeyer 
flask. Add 12 to 15 ml. of concentrated sulfuric acid, 10 to 12 g. of potassium 
sulfate, and heat until all the antimony is dissolved. Dilute to 250 ml. with 
water, add 20 ml. of concentrated hydrochloric acid, cool to 10° to 15° C., 
and titrate with permanganate solution until a faint pink color is obtained. 


1 ml. of 0.1 N KMn 04 = 


Wt. of metallic antimony 
Ml. of permanganate 


= wt. of antimony. 


13. Starch-iodate paper shall he prepared by impregnating filter paper 
with a solution obtained by heating 2 g, of starch with 100 ml. of water and, 
after solution, adding 0.2 g. of potassium iodate dissolved in 5 ml. of water. 

14. A Gooch crucible shall be prepared in the following manner: 

Cut amphibole asbestos fine with shears, digest with 10% caustic soda 
solution, wash with water, and then digest with concentrated hydrochloric 
acid for a few hours on the steam bath. After it has been washed compara- 
tively free from acid by decantation, shake up the asbestos with water and use 
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tKe resulting mixture in preparing the pads. The Gooch crucibles should 
be ignited, and are then ready for use. 

15. The purity of all material shall be checked and determined by blank 
analyses. 

Methods of Analysis 

16. Specific Gravity. — This shall be determined by the use of a pycnometer, 
using alcohol in place of water to eliminate the errors due to air bubbles. 

A = Wt. of pycnometer filled with alcohol, 

J5 = Wt. of pycnometer filled with sample and alcohol, 

C = Wt. of sample. 


Sp.gr. = 


C 

C-iB-A) 


XSp.gr. of alcohol. 


17. Acetone Extract. — The extracting apparatus used here and for other 
extractions shall be of the type similar to that shown on page 1970. (See also 
Industrial and Engineering Chemistry, 9, 314 (1917).) The flask shall be 
heated so that the period of filling an empty siphon cup with acetone and com- 
pletely emptying it will be between 2.5 and 3.5 min. 

Place 2 g. of rubber in a thimble made by folding a filter paper so that it 
will fit in the extraction cup, which is suspended in a weighed extraction flask. 
Extract the sample continuously for 8 hrs., unless the solution in the thimble 
is still colored at the end of that time, when the extraction shall proceed for 
a further period of 4 hrs. or longer. For hard rubber the extraction period 
shall be a minimum of 72 hrs. Carefully note all characteristics of the acetone 
extract, both when hot and cold. Distil off the acetone on the steam bath 
at as low a temperature as possible. Loss of extract by bumping can be 
avoided by means of a gentle current of air or by slightly inclining the flask. 

Care must be taken to avoid allowing the flasks to stand on the steam 
bath after the solvent has been removed, because appreciable quantities of 
free sulfur may be lost by so doing. Dry the extraction flask and contents 
in an air bath for 1 hr. at 70° C., cool, and weigh. Call the residue “Acetone 
Extract, Uncorrected.” 


Percentage of acetone extract, uncorrected > r X 100. 

Wt, of sample 

Save the rubber sample’ and keep for future determination. 

18. Chloroform Extract. — The rubber sample (Paragraph 17), without 
removing the acetone from it, is suspended in a second weighed extraction 
flask and extracted for 4 hrs. with chloroform. Care should be taken that 
any small particles of rubber, which are often carried down into the extract, are 
filtered off. Evaporate off the solvent and dry the residue to constant weight — 
usually 1 hr. at 70° C. — cool, and weigh. The color of the chloroform solution 
should be recorded. Reserve the rubber for extraction with alcoholic-alkali. 


■n i 1 1 i. . . Wt. of extract, 

Percentage of chloroform extract *= — X 100. 

Wt. of sample 
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19. Alcoholic-Alkali Extract. — Dry the rubber from the chlorofonm extrac- 
tion at about 70° C. to remove the chloroform, transfer to a 200-ml, Erlenmeyer 
flask, add 60 ml. of alcoholic-alkali solution, and heat under a reflux condenser 
for 4 hrs. Filter into a 250-ml. beaker, wash with two portions of 25 ml. each of 
boiling alcohol, then with three 25-ml. portions of boiling water, and evaporate 
the filtrate to dryness. Use about 75 ml. of distilled water to transfer the 
residue to a separatory funnel. Acidify the solution with 10% hydrochloric 
acid, testing with Congo red pai>er. Extract with four 25-ml. portions of ether, 
unless the fourth portion is colored, when the extraction must be continued 
until no further quantity can be removed. Unite the ether fractions and wash 
thoroughly with distilled water until free from acid (two washings are generally 
sufficient). Filter the ether solution through a plug of absorbent cotton into 
a weighed flask, wash with ether, evaporate, dry to constant weight at 70° C., 
cool, and weigh. 


Percentage of alcoholic-alkali extract =7 ^^* 

Wt. of sample 

20. Free Sulfur. — Add to the flask containing the acetone extract, un- 
corrected (Paragraph 17), 50 to 60 ml. of distilled water and 2 to 3 ml. of bro- 
mine, and cover with a watch glass. (If the acetone extract indicated a large 
amount of free sulfur, the amount of bromine used may be increased.) Allow 
the flask to stand 0.5 hr. on the side of the steam bath, then heat cautiously over 
the direct steam bath until the solution is practically colorless, filter into a 
250-ml. beaker, and dilute to about 175 ml, with distilled water. Precipitate 
with barium chloride and determine in the usual manner, taking the proper 
precautions to prevent the reduction of the barium sulfate during the ignition. 


Percentage of free sulfur = 


Wt. of BaSQ4XQ.1373 
Wt. of sample 


xioo. 


21. Total Sulfur. — Place 0.5 g. of rubber in a porcelain crucible of about 
75 ml, capacity, add 15 ml. of the nitric acid-bromine mixture, cover the crucible 
with a watch glass, and let it stand for 1 hr, in the cold. Heat for an hour on 
the steam bath, remove the cover, rinse it with a little distilled water, and 
evaporate to dryness. Add 3 ml. of nitric acid, cover, warm a short time on 
the steam bath, then let it cool. Carefully add in small portions, by means 
of a glass spatula, 5 g. of sodium carbonate (weighed to 0.5 g.). The watch 
glass is to be raised only high enough to permit the introduction of the spatula. 
The carbonate is allowed to slide down the side of the crucible and is not 
dropped directly into the acid. Rinse the watch glass with 2 or 3 ml. of hot 
distilled water and stir the mixture thoroughly with a glass rod. Digest for 
a few minutes, spread the mixture halfway up the side of the crucible to 
facilitate drying, and dry on a steam bath. Fuse the mixture by heating over 
a sulfur-free gasoline flame. 

Place the crucible in an inclined position on a wire triangle and start the 
ignition over a low flame. The tendency for the rubber to burn too briskly 
is controlled by judicious use of the stirring rod with which the burning portion 
is scraped away from the rest. When part of the mass is burned white, a 
fresh portion is worked into it, and so on until all of the organic matter is 
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destroyed. It is necessary to hold the edge of the crucible with tongs. Toward 
the last half of the operation the flame should be increased somewhat, but it 
is never necessary to heat the crucible to redness. With care a crucible can 
be used for at least ten or twelve fusions. 

After a fusion, allow the crucible to cool, place it in a 400>ml. beaker, add 
sufficient distilled water to cover the crucible (about 125 ml. are required), 
and digest on the steam bath for 2 hrs., with occasional stirring. If the filtra- 
tion cannot be made in the same day, do not add the water, but allow the fusion 
to stand over night. 



Filter the solution into a covered 400-ml. beaker containing 5 ml. of concen- 
trated hydrochloric acid, and wash the residue thoroughly with hot water. 
(A qualitative test for barium sulfate can be made on the residue.) Now 
complete the acidification of the filtrate and washing in the cold and add 2 ml. 
of concentrated hydrochloric acid in excess. Cover the beaker and heat the 
solution on the steam bath. The total volume of the solution should not 
exceed 300 ml. The solution must be acid to Congo paper in order to insure 
the complete destruction of the carbonates. Precipitate with barium chloride 
and determine the sulfur in the usual manner. 


Percentage of total sulfur 


Wt. of BaSO4X0.1373_ 
Wt. of sample 


* To correct the sulfur for occlusion use Graph 1, line marked 2. 
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22. Alternative Method. — When this method is used, the total sulfur 
determined represents the sulfur exclusive of that as barytes, if used in the 
compound. 

Place a 0.5-g. sample in a«500-ml. Erlenmeyer destruction flask (Pyrex 
glass). Add 10 ml. of zinc oxide-nitric acid solution and whirl the flask rapidly 
to moisten the sample thoroughly. If convenient, the mixture may he allowed 
to stand over night at this point. By so doing the sample becomes partly 
decomposed; this permits the addition of fuming nitric acid with no danger 
of ignition of the sample. Add 15 ml. of fuming nitric acid and whirl the flask 
rapidly to keep the sample immersed to avoid ignition by too rapid oxidation. 
With some samples it will be found necessary to cool the flask under a stream 
of tap water. 

WTien the solution of the rubber is complete, add 5 ml. of saturated water 
solution of bromine, and slowly evaporate the mixture to a foamy sirup. 
(For the determination of total sulfur in unvulcanized mixtures use 3 ml. of 
bromine in place of bromine water.) 

If particles of organic matter remain at the end of the evaporation, add a 
few ml. of fuming nitric acid, and reevaporate as before. Cool, and add a few 
crystals of potassium chlorate to assist in the oxidation of the sulfur and the 
decomposition of any nitrates. 

Place the flask on asbestos gauze and evaporate the mixture to dryness 
over a Tirrill burner. Then bake the mixture at the highest temperature of 
the burner until all nitrates are decomposed and no more nitrogen peroxide 
fumes can be detected. (Care should be taken to insure uniform penetration 
of the heat throughout the contents of the flask and to remove the flask as 
soon as the baking” is complete.) W^hen the baking is complete, cool the 
flask, add 50 ml. of (1 : 6) hydrochloric acid, and heat until solution is complete. 
(In case the original mixture contains barium salts, they will be precipitated 
at this point. If litharge is present in the mixture, lead salts, not otherwise 
removed, will be eliminated in the final washing with boiling water.) Filter 
the solution, dilute to 300 ml,, precipitate with barium chloride, and determine 
the sulfur in the usual manner. 


Percentage of total sulfur ^ = 


Wt. of BaSO,X0.1373 
W’t. of sample 


XIOO. 


23. Ash. — Wrap a 1-g. sample in a filter paper, extract with acetone for 4 
hrs., and transfer to a weighed, approximately 50- ml. porcelain crucible. Ash 
the sample in a muffle furnace by heating at the following rate: 

Time, min 0 5 10 15 70 75 80 85 145 

Temp.,'=’C 0 100 200 300 300 400 500 550 550 

Remove crucible from the furnace, cool, and weigh. 

If no furnace is available, distil off the rubber over a very small flame, not 
allowing it to catch fire, and ignite gently until burned clean, cool, and weigh. 

Wt. of ash 

Percentage of ash = X 100. 

‘ To correct the sulfur for occlusion use Graph 1, line marked 1 (figure 286). 
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24. Sulfur in Ash. — Add 3 ml. of nitric acid-bromine mixture to the ash 
(Paragraph 23), cover with a watch glass and heat for 1 hr., remove the cover, 
rinse it with a little distilled water, and evaporate to dryness. Complete the 
determination of sulfur as described under Paragraph 21. 


Percentage of sulfur in ash ^ = 


Wt. of BaSO4X0.1373^ 
Wt. of sample 


Save the insoluble residue after filtering the solution of the fusion mixture 
in water for testing according to Paragraph 25. 

25. Barium Sulfate. — The barium sulfate is calculated from the barium 
in the ash, which is determined as follows; Filter off the insoluble matter after 
the fusion and extraction in Paragraph 24, wash hack into the original beaker 
with hot water, dissolve the residue in the beaker and any traces on the filter 
paper with hydrochloric acid, and heat the solution on the steam bath. Filter 
through the same filter as before and wash thoroughly with hot water. Nearly 
neutralize the solution with ammonium hydroxide, leaving it slightly acid. 
Saturate the solution with hydrogen sulfide in the cold, and when the lead 
sulfide has settled, filter into a 400-ml. beaker and wash thoroughly. The 
total volume should be not over 200 ml. Precipitate with 10% sulfuric acid 
and determine the barium in the usual manner. Barium sulfate determined 
above is assumed to have been added as such. Obviously, if ];>ariiim carbonate 
is used, it must be determined in order that an undue correction shall not be 
made. 


Percentage of sulfur as barium sulfate = 


Wt. of BaSO4X0.1373 
Wt. of sample 


XIOO. 


26. Total Antimony. — When a qualitative test indicates that antimony is 
present, place a 0.5-g- sample, and transfer in a Kjeldahl flask, add 25 ml. of 
concentrated sulfuric acid and 10 to 12 g. of potassium sulfate, place a funnel 
in the neck of the flask, and heat until the solution becomes colorless. Cool 
and wash the funnel, dilute the solution to 100 ml. with water, and transfer 
to a 400-ral. beaker, dilute to 250 ml. with hot water, and precipitate the anti- 
mony with hydrogen sulfide. Filter and transfer the precipitate to a Kjeldahl 
flask, add 15 ml. of concentrated sulfuric acid, 10 to 12 g. of potassium sul- 
fate, and heat as described above until the solution i.s colorless. Wash the 
funnel, dilute the solution to 100 ml. with water, add 1 to 2 g. of sodium sulfite, 
and boil until all the sulfur dioxide is driven out. This is shown when no 
blue color is obtained with starch iodate paper. Add 20 ml. of concentrated 
hydrochloric acid, dilute to 250 to 275 ml. with water, cool to 10° to 15° C., 
and titrate with standard 0.1 N permanganate solution until a faint pink 
color i.s obtained. If iron is found to be absent, it is not necessary to precipi- 
tate the antimony with hydrogen sulfide, and the second heating in a Kjeldahl 
flask can be eliminated. 


„ . f Sb (Paragraph 12) Xml. of permanganate,,. -- 

Percentage of antimony = ^ H ^ X 100. 

Wt, of sample 


27. Antimony in the Ash. — This is determined in the ash of a 1-g. sample. 
Transfer the ash to a 600-ml, Erlenmeyer flask, add 12 to 15 ml. of concentrated 
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sulfuric acid and 10 to 12 g. of potassium sulfate, and boil until solution is 
complete. It may be necessary to warm part of the sulfuric acid in the cruci- 
ble to transfer any adhering particles to the flask. Rinse with the remaining 
portion of acid. Then complete the determination as described in Paragraph 26. 
Percentage of antimony as Sb 204 in ash 

_ Sb (Paragraph 12) Xml, of permanganate XI .26 
Wt. of sample 

28. Free Carbon. — Extract a 0.5-g, sample for 8 hrs. with a mixture of 
chloroform and acetone in a volume ratio of 2 : 1. Transfer the sample to a 
250-ml. beaker and heat on the steam bath until it no longer smells of chloro- 
form. Add a few ml. of concentrated nitric acid and allow to stand in the cold 
for about 10 min. Add 50 ml, more of hot concentrated nitric acid, taking 
care to wash down the sides of the beaker, and heat on the steam bath for at 
least 1 hr. At the end of this time there should be no more bubbles or foam 
on the surface. Pour the liquid while hot into the crucible, taking care to keep 
as much as possible of the insoluble material in the beaker. Filter slowly with 
gentle suction and wash well by decantation with hot concentrated nitric acid. 
(Caution: Empty the filter flask.) Wash with acetone and a mixture of equal 
parts of acetone and chloroform until the filtrate is colorless. Digest the 
insoluble material, which has been carefully retained in the beaker, for 30 min. 
on the steam bath with 35 ml. of 25% sodium hydroxide solution. This 
treatment with alkali can be omitted if silicates are absent. Dilute to 60 ml. 
with hot distilled water and heat on the steam bath. Filter the solution 
of alkali and wash well with hot 15% sodium hydroxide solution. ’ 

Next wash the residue four times with hot concentrated hydrochloric acid. 
Neutralize the last washing with ammonia and test for the presence of lead 
with sodium chromate solution. If none is present, finally wash with w^arm 
5% hydrochloric acid. Remove the crucible from the funnel, taking care that 
the outside is perfectly clean, dry it in an air bath for 1.5 hrs. at 110® C., cool, 
weigh, burn off the carbon at a dull red heat, and re weigh. The difference in 
\veight represents approximately 105% of the carbon originally present in the 
form of lamp-black or gas black. 

Percentage of free carbon 

Wt. of crucible with carbon -wt. of crucible after ignition 
~ 1.05 Xwt. of sample 

29. Detection of Glue. — Extract a 2-g. sample for about 6 hrs. with acetone. 
Then heat for 2 hrs. on the steam bath, wuth sufficient water to cover it, cool, 
filter, and pour slowly into a 1% solution of tannic acid. If a permanent 
cloudiness, however slight, appears, glue is present, 

30. Nitrogen Calculated as Glue. — When glue is found to be present, a 
correction must be made for the natural protein in the rubber. The average 
amount of nitrogen is 0.4%. (See Paragraph 40 for calculations.) 

Extract a 2-g. sample for 8 hrs. with acetone. Remove the solvent from 
the sample, and transfer the latter from the filter paper to a 750-mI. Kjeldahl 
flask. Add 25 to 30 ml. of concentrated sulfuric acid and 10 to 12 g. of sodium 
sulfate. Place the flask on the Kjeldahl digesting apparatus. Heat gently 
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until the first vigorous frothing ceases, then raise the heat gradually until 
the liquid boils. Continue the boiling until the solution becomes clear. Allow 
the flask to cool, dilute carefully with 150 ml. of water, and allow to cool. 
Add 100 ml. of 50% sodium hydroxide solution, pouring it carefully down the 
side of the flask so that it does not mix immediately with the acid solution. 
Add about 1 g. of granulated zinc to prevent bumping and a piece of paraffin the 
size of a pea to diminish frothing. Connect the flask quickly with a condenser, 
the delivery tube of which dips into a 500-ml. Erlenmeyer flask, containing 
50 ml. of 0.1 N sulfuric acid diluted to about 100 ml. Carefully swirl the 
flask to mix the contents and start to heat gently, increase the flame as the 
danger of foaming over diminishes, and, finally, boil briskly until about one- 
half of the liquid has passed over into the receiver. Add methyl red solution 
and titrate the excess acid by means of 0.1 N sodium hydroxide solution. 
A blank determination should be made. 

Percentage of nitrogen as glue 

_100 (ml. H2S04Xnorinality — ml, NaOHX normality) (0.014) (6.5) 

Wt. of sample 

= (ml. H2SO4X normality — ml. NaOH X normality) X 4.55.® 

31. Unsaponifiable Matter. — If this determination is made, the free sulfur 
shall be determined on a separate 2-g. sample. 

Add to the acetone extract obtained from two 2'g. samples (Paragraph 17) 
50 ml. of N alcoholic-alkali solution, heat on the steam bath under a reflux 
condenser for 2 hrs., remove the condenser, and evaporate to dryness. Transfer 
to a separatdry funnel, using about 100 ml. of water, add 25 ml. of ether, and 
shake. Allow the two layers to separate thoroughly, then draw off the water 
layer. Continue the extraction of the water layer with fresh portions of ether 
until no more unsaponifiable matter is removed, unite the ethereal layers, 
and wash with distilled water. Transfer the ether to a tared flask, distil off 
the ether, dry to constant weight at 70° C., cool, and weigh. 

Percentage of unsaponifiable matter = extract ^ 

vvt. of sample 

32. Hydrocarbons A. — To the unsaponifiable matter (Paragraph 31) add 
50 ml. of absolute alcohol, and heat on the steam bath for 0.5 hr. Let the 
flask stand in a mixture of ice and salt for 1 hr. Filter off the separated waxy 
hydrocarbons on filter paper by applying a gentle suction. Wash with alcohol 
(95% vdW do), which has been cooled in an ice-salt mixture. The funnel 
should be surrounded by a freezing mixture. 

Dissolve the precipitate from the filter paper with hot chloroform, and 
catch the solution in a weighed 100- to 150-ml. beaker. Wash the flask with 
hot chloroform, which is added to the same beaker, in order to include any 
undissolved waxy matter adhering to the walls of the fla.sk. Evaporate off 
the solvent, dry to constant weight at 70° C., cool, and weigh. 

X r, 1 1 A Wt, of extract 

Percentage of hydrocarbons A =37; r-XlOO. 

Wt. of sample 

” Simplified formula when a 2-g. sample is used. 
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33. Hydrocarbons B. — Evaporate the alcohol from the flask containing the 
alcohol-soluble unsaponifiable material, add 25 ml. of carbon tetrachloride, 
and transfer to a separatory funnel. Shake with concentrated sulfuric acid, 
drain off the discolored acid, and repeat with fresh portions of acid until there 
is no longer any discoloration. After drawing off all the acid, wash the carbon 
tetrachloride solution with repeated portions of water until all traces of acid 
are removed. Transfer the carbon tetrachloride solution to a weighed flask, 
evaporate off the solvent, and dry to constant weight at 70® C., cool, and weigh. 

Percentage of hydrocarbons B — ^ 

Wt. of sample 

34. Rubber Hydrocarbons by Joint Rubber Insulation Committee's 
Method. — Add to the flask containing the rubber residue from the alcoholic- 
alkali extraction sufficient water to make the total 125 ml., and then add 25 ml. 
of concentrated hydrochloric acid. Heat for 1 hr. at 97° to 100° C. Decant 
the supernatant liquid through a hardened filter paper on a Buchner funnel, 
7 cm. in diameter, using suction. Wash the residue with 25 ml. of hot water 
and decant. (While a Buchner funnel is recommended, it is permissible to 
use an 1 1-cm. hardened filter paper with platinum cone in a 60-degree funnel.) 
Perform this entire treatment with water and hydrochloric acid three times. 
The rubber at this stage should be white and practically free from black specks 
of undissolved fillers; if it is not, continue the acid treatment until the black 
specks disappear. (If carbon is present, all the particles of rubber will be 
grayish, bluish, or black, depending on the form and quantity of carbon used. 
Black specks in light particles of rubber usually indicate the presence of lead 
sulfide, which must be removed to prevent the formation of lead sulfate on 
igniting the residue C.) Add 150 ml. of hot water to the flask and let stand 
on a steam bath or hot plate for half an hour and decant through the filter 
paper, repeating until the washings are free from chlorides. Transfer all the 
rubber in the flask to the filter paper and dry as much as possible by suction. 
Wash the rubber with 50 ml. of 95% alcohol, using suction. Transfer the 
entire residue to a weighing bottle. Dry at 95° to 100° C. for an hour, cool 
in a vacuum desiccator under reduced pressure, and weigh. Dry for 30 min., 
cool, and weigh, repeating this process until either constant weight is reached 
or the weight starts to increase. Let this weight be represented by C. Deter- 
mine the ash, E, in a portion, Z), of this residue, C, and sulfur, H, in the remain- 
ing portion, G. Also, determine the sulfur, E, in the ash, E, Perform the ash 
determination as described under Paragraph 23, and the sulfur determination 
as described under Paragraph 21. Calculations: 

C / H E F 

Percentage of rubber hydrocarbons- 100- ^ 

35. Cellulose.— Treat 0.5 g. sample of rubber with 25 ml. of freshly distilled 
cresol (b.p. 198° C.) on the electric hot plate for 4 hrs. at 165° C. Allow to 
cool and add 200 ml. of petroleum ether very slowly and with constant agitation. 
After the solution has settled completely, filter through a Gooch crucible and 
wash three times with petroleum ether. Wash very thoroughly with boiling 
benzene and finally with acetone. Treat the contents of the flask with hot 
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10% hydrochloric acid, and transfer the entire contents to the Gooch crucible 
with the aid of a “policeman/’ Continue to treat with hot 10% hydrochloric 
acid until the pad has been washed at least ten times. Wash the pad free from 
chlorides with boiling water, and run small portions of acetone through it until 
the filtrate is colorless. Treat with a mixture of equal parts of acetone and 
carbon disulfide in the same manner. Wash with alcohol and dry for 1 hr. 
and 30 min. at 105° C. Remove the pad from the crucible with help of a pair 
of sharp-pointed tweezers, using the underneath portion of the pad as a swab 
to clean the sides of the crucible, and place all of this material in a tared weigh- 
ing bottle. Replace in the drying oven for about 10 min., cool, and weigh. 

Weight of weighing bottle, pad, insoluble fillers, and cellulose 
—weight of weighing bottle 

= weight of pad, insoluble fillers, and cellulose. 

Transfer the contents of the weighing bottle to a 50-nil. beaker and pour 
over it 15 ml. of acetic anhydride and 0.5 ml. of concentrated sulfuric acid, 
and allow to digest for at least 1 hr. on the steam hath. After the mixture 
has cooled thoroughly, dilute with 25 ml. of 90% acetic acid and filter through a 
weighed Gooch crucible. To guard against traces of tlie material being carried 
through, this filtration, as w'ell as the ones to follow, must be very slow and only 
gentle suction can be used. Wash with hot 90% acetic acid until the filtrate 
comes through absolutely colorless, and then wash about four times more. 
W'ash with acetone about five times. After having taken care that all of the 
material has been w^ashed out of the beaker in w'hich the acetylation took place, 
remove the crucible from the funnel, clean the outside thoroughly and dry for 
2 hrs. at 150° C. Cool and weigh. Original w^eight of crucible-}- weight of pad, 
fillers and cellulose — w'eight of crucible after acetylation — cellulose. 

Percentage of cellulose = . XlOO. 

VVt. of sample 

36. Barium Carbonate. — Barytes was determined by the calculation to 
barytes of all barium found in the sample. Obviously, if barium carbonate 
is present, it must be determined in order that an undue correction shall not 
be made. The determination is a.s follow^s: A 1-g. sample, in a porcelain boat, 
is placed in a combustion tube through which passes a current of carbon 
dioxide. The sample is ashed in the tube. After ignition and cooling in the 
atmosphere of carbon dioxide, the boat is removed, the residue finely ground 
in an agate mortar, transferred to a 250-ml. beaker, and treated with 5 to 10 g. 
of ammonium carbonate, 15 to 20 ml. of strong ammonia water, and about 
50 ml. of distilled w-ater. The mixture is boiled for 20 min., filtered, and the 
precipitate thoroughly washed to remove all soluble sulfates. The residue 
on the filter paper is washed back into the original beaker and about 10 ml. 
of glacial acetic acid with sufficient water to make the total volume about 
100 ml. are added. This is heated to boiling and filtered through the same 
paper as before. Hydrogen .sulfide is passed into the filtrate to precipitate 
the lead, and the solution is subsequently treated as in the determination of 
barjiies. The final weight of barium sulfate obtained is calculated to barium 
carbonate. 
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Percentage of sulfur required to convert barium present as carbonate to sulfate 

_ Wt. of BaSO4X0.1373 ,,^^Q 
Wt, of sample 

Calculations 

37. Percentage of organic acetone extract = percentage of acetone extract 
(uncorrccted) — percentage of free sulfur. 

38. Percentage of acetone extract (corrected) = percentage of organic ace- 
tone extract — percentage of waxy hydrocarbons. 

39. Percentage of waxy hydrocarbons = percentage of hydrocarbons A 
-(-percentage of hydrocarbons B. 

40. Calculations for glue : Multiply the percentage of rubber as compounded 
(Paragraph 46) by 0.004 and 6.5 and call this value A. Subtract A from the 
percentage of glue (Paragraph 30) and call this value 13. Substitute B for 
glue in Paragraph 45 in calculating the percentage of rubber hydrocarbons 
and then complete the calculations. 

41. Percentage of sulfur as antimony trisulfide = percentage of total 

Sa 

antimony X = percentage of total antimony X 0.400. 
b02 

42. Percentage of total antimony as trisulfide = percentage of total antimony 

percentage of total antimony X 1.400. 

febz 

43. Percentage of total sulfur corrected = percentage of total sulfur— per- 
centage of sulfur as barium sulfate — percentage of sulfur as antimony trisulfide. 
When barium carbonate is found, the percentage of sulfur necessary to convert 
it to sulfate must be added to the total sulfur (corrected). 

44. Percentage of ash (corrected) = percentage of ash— percentage of sulfur 
in ash (-[-percentage of sulfur as barium sulfate) —percentage of antimony in 
ash, calculated to Sb 204 . 

45. Percentage of rubber hydrocarbon = 100 -the sum of the following 
percentages, except when it is determined by the J. R. I. C. method as in 
Paragraph 34. 


Organic acetone extract 
Chloroform extract 
Alcoholic-alkali extract 
Total sulfur corrected 


Ash, corrected 

Carbon 

Glue 

Total antimony as trisulfide 


46. Rubber as Compounded.— Percentage of rubber hydrocarbon plus 5% 
of its weight is taken as ‘‘rubber as compounded,” except when the sum of 
the percentages of the acetone extract (corrected), chloroform extract, and 
alcoholic-alkali extract is less than the figure represented by the arbitrary 
5%, as in many high-grade compounds. Percentage of rubber as compounded 
is then: Percentage of rubber hydrocarbon plus the sum of the percentages of 
the organic acetone extract, the chloroform extract, and the alcoholic-alkali 
extract. 
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47. Rubber by Volume. — Percentage of rubber by volume = 

Percentage of rubber as compounded (Paragraph 40) X 

sp.gr. of compoun d 

0.94 (taken as the average sp.gr. of crude rubber) 


48. 


Ratio of 


organic acetone extract = 

Percentage of organic acetone extract 
Percentage of rubber as compounded 


XIOO. 


49. Ratio of sulfur to rubber = 

Percentage of total sulfur, corrected 

1 2QQ 

Percentage of rubber as compounded 


Statement of Results 


Per cent 

Organic acetone extract 
Waxy hydrocarbons 
Chloroform extract 
Alcoholic-alkali extract 
Free sulfur 

Total sulfur corrected 
Ash corrected 
Cellulose 


Per cent 

Sulfur as barium sulfate 

Total antimony 

Sulfur as antimony trisulfide 

Carbon 

Glue 

Rubber hydrocarbon 
Rubber as compounded 
Rubber by volume 


Ratio of acetone extract to rubber as compounded 
Ratio of sulfur to rubber as compounded 
Specific gravity 


Specific Gravity. — The apparent specific gravity of an unvulcanized rubber 
compound is almost invariably from 1% to 5% low, due to the presence of air 
introduced during milling, most of which escapes during vulcanization. Due 
to its large coefficient of expansion, rubber decreases rapidly in specific gravity 
with increasing temperature, and raw rubber undergoes a change of state and 
sudden drop in sp.gr. from approximately 0.93 to 0.91 at around 30° C., which 
is only slowly reversible on cooling.^ 

For ordinary purposes, it is sufficiently accurate to suspend a small sample 
from the beam of a balance of a Young^s Gravitometer, and after balancing, 
wet the surface by raising a beaker of alcohol under it, remove the alcohol by 
use of a beaker of wash water, and weigh suspended in distilled water as usual, 
thus avoiding air bubbles. 

For factory control purposes, use of solutions of CaCU or ZnCl 2 of proper 
strength permits rapid checking of samples between predetermined limits. 
Thus a piece of stock which should be of 1.12 sp.gr. will float on a solution of 
1.13 sp.gr. and sink in a solution of 1.11 sp.gr. 

^ Extracts. Hard asphalt hydrocarbon (mineral rubber), mineral oil, stearic 
acid, palm oil, pine tar oil, hardwood pitch, etc., are frequently added as soft- 
eners or for other specific purposes. The analytical estimation of these soft- 

^ Pickles, India Rubber Jour. 67, 17 (1924). 




RUBBER COMPOUNDS 


2013 


eners is not an exact matter. On the other hand, an approximation is all that, 
is usually required. 

Plantation rubbers yield acetone extracts usually between 2.0% and 3.5%, 
while various grades of wild rubbers give extracts up to 10.0%, or even higher 
for resinous grades. These extracts are usually of a soft consistency, and until 
the use of added softeners became common, wild rubbers were largely used for 
softening purposes. 

Reclaimed rubber is variable in composition, depending on the source, but 
that made from whole tires usually falls within the following limits: 


Specific Gravity 

Moisture, max 

Alkalinity, max., 4 hr. ext. 

Acetone Ext 

Chloroform Ext 

Alcoholic KOH Ext 

Total S 

Free Carbon : 

Ash 


1.16 - 1.24 
1 . 0 % 

0 . 10 % 

7.0% -12.0% 
10.0% -18.0% 
1.0% - 2.0% 
3.0% - 4.0% 
3.5% - 7.5% 
18.0% -35.0% 


Added softeners are partially extracted from a cured stock by acetone, and 
subsequent extraction with chloroform removes still more, but there is always 
an appreciable amount of the softener which is not extracted, depending on the 
type of softener, type of compound, cure, etc. Mineral rubbers for instance, 
vary greatly, some coloring the acetone extract dark brown, and others not at 
all, some carrying a large amount of sulfur and consequently combining with 
little additional, while others tend to “hog ” sulfur during the cure. Very little 
analytical work is available to show the extraction under definite conditions. 
The following is an example of the extraction of 3.0% of softener from a well 
cured “pure gum“ compound carrying 3.5% sulfur. 



Recovered in 

In CHCL 

Not 

Softener 

Acet. Ext, 

Ext. 

1 Recovered 

Mineral Rubber 

44.3% j 

28.7% 

27.0% 

Hardwood Pitch 

46.3 

10.7 

43.0 

Pine Tar Oil 

68.0 1 

14.0 

18.0 

Mineral Oil 

70.0 

4.4 

25.6 


Saponification of the acetone extract gives some idea of the percentage of 
mineral oil softeners present, but is seldom resorted to. Acetone extracts can 
be checked to within 2% of the extract, and CHCla extracts to within 4%. 

Alcoholic KOH extract is run only when the presence of oil substitute 
(factice) is known or suspected. It removes about 50% of the substitute, and 
must be corrected for an extraction of about 0.5% on the rubber, and 1.5% 
of any reclaim present. When substitute is present, the acetone extract must 
be corrected for about 10% of the substitute in the case of black or brown substi- 
tute, this correction being largely unvulcanized oil. 

Sulfur. — The sulfur present in a rubber compound comes from two sources, 
(1) sulfur added for vulcanization purposes, and (2) sulfur present in the com- 
pounding ingredients. 




2014 


RUBBER COMPOUNDS 


The latter may be a considerable percentage of the total sulfur, as the follow- 
ing table of the per cent usually found in some of the common ingredients will 
show. 


MTioIe Tire Reclaim 3.59^ 

Reclaimed Friction 1.0 

Mineral Rubber 1.0- 7.5 

Hardwood Pitch nil 

Lithoponc 9.5 

Golden Antimony 20.0-40.0 

Ultramarine Blue 10.0 

Mercaptobenzothiazole 35.0 

Thiocarbanilid 16.0 

Diphenylguanidinc nil 


The only one of these affecting the free sulfur determination is golden 
antimony. This comes in a number of grades, the most common being that 
containing 40-43% of coprecipitated CaS 04 and 15-17% of free S. Most 
accelerators are somewhat soluble in hot acetone, and their S would appear 
as free S in an uncured stock, but during the cure these are largely decomposed, 
and any residual effect on free S is negligible. 

During vulcanization, sulfur combines in four ways, (1) with the rubber 
hydrocarbon, (2) with the natural resins and proteins, (3) with softeners if 
present, and (4) with inorganic oxides to form sulfides such as ZnS. This has 
been discussed by Kelly in several papers * and methods of separation given. 
The ordinary figure for combined sulfur (corrected total sulfur-free sulfur) in- 
cludes all of these forms, and also the sulfur from various compounding ingre- 
dients as noted above. When interpreted in connection with the formula of 
a compound and the processing to which it has been subiected, it is an excellent 
indication of the state of vulcanization. The percentage of combined sulfur 
(CS) divided by the percentage of rubber present in a compound, gives the 
coefficient of vulcanization (VC). Plotting cither VC or CS against time of 
cure gives a smooth curve for any given temperature conditions. It is thus 
possible to take a sample from any point in a finished article, and by determining 
its VC, estimate the equivalent cure. It should be remembered however, 
that in the case of a tire or other complex article in which several stocks are 
cured in contact with each other, migration of sulfur from a high sulfur stock 
to one of lower sulfur content (on the rubber) is liable to occur, and also that 
sulfur tends to migrate in the direction of the source of heat. 

Free sulfur is at times a useful indication of the ‘'non-blooming^’ charac- 
teristics of a stock, usually less than 1.0% FS on the rubber being necessary to 
prevent sulfur “bloom.” 

Sulfur determinations have a tendency to run .slightly high, usually not 
over 0.10%. Duplicates by extremely careful work can be made to check 
within 0.04% S, but on ordinary rubber work, any variation not over 0.10% 
is satisfactory checking. 

Ash. — An ash determination is only an approximation of the amount of 
inorganic fillers in a stock, as it is affected by several factors. The various 
clays, asbestine, lime, etc., carry considerable percentages of combined water 
which is volatilized over a range of temperature. \Vhiting tends to lose CO 2 

» Ind. Eng. Chem. 12, 875; 14, 196; 16, 148, 
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unless very carefully handled. During the ignition, much of the sulfur present 
combines with any zinc oxide, lime, magnesia or litharge to form sulfates. If 
the sample is allowed to catch fire, zinc oxide will be reduced and volatilized. 
In practice, ash serves as a check on the subsequent analysis of the ash, and 
sometimes itself gives sufficient information on the leading of a stock. 

Analysis of Ash. — In addition to the determinations of sulfur, barium 
sulfate and antimony given in the standard methods, it is frequently necessary 
to further analyze the ash to secure an idea of the fillers and inorganic accelera- 
tors present in the sample. SiOa, Fe203, AI2O3, CaO, MgO, PbO and ZnO are 
usually determined, but as these occur in many fillers in varying proportions, 
some judgment is necessary for the proper interpretation of results, and micro- 
scopical methods are of considerable aid in determining the fillers present. 

Particularly in the field of cheap inert fillers, the compounder’s choice is 
often affected by the location of the factory and the materials most easily 
available, as similar stocks can frequently be made with widely varying com- 
positions. 

The following table shows the approximate percentages found in some com- 
mercial compounding ingredients: 

Asbestine — MgO 25%, SiOa C5%, AI 2 O 3 3.5%, CaO 1.5%, Ign. Loss 5.0%. 

Barytes — BaS 04 90-95%, 

Dixie Clay— SiOs 46%, RjOa 39%, CaO trace, MgO trace, Ign. Loss 15%. 

Lead Oleate— PbO 25-30%. 

Lime-Ca(OH )2 91%. 

Lithopone — ZnO 29%, BaSOi 71%. 

Mag. Curb.— MgO 42%, Ign. Loss 50%. 

Mag. Usta-MgO 87%, CaO 2.5%, SiO^ and R 2 O 3 4.0%, Ign. I^ss 6 %. 

Whiting (pptd.)— CaO 50%, MgO 3%, Si 02 and R 2 O 3 5%, Ign. Loss 40%. 

Free Carbon. — The direct determination of free carbon is quite accurate. 
In addition to carbon black, the most used reinforcing filler, small percentages 
of free carbon may come from any mineral rubber or hardwood pitch present, 
but these are usually neglected. 

Glue.—The presence of as little as 0,9% glue can be detected qualitatively, 
but of late years, the use of glue in rubber compounds has become quite rare. 

Calculation of the Probable Composition of a Stock.~The experienced 
compounder will draw heavily on his knowledge of the compounding ingredients 
available and suitable to use in a stock giving properties of the sample, in 
calculating its probable composition, but the following will give an idea of 

general procedure. ^ • 

1. Prom the analysis of the ash, estimate the amounts of fillers and inorganic 
accelerators used, allowing 15% ignition loss for clays, and using data such as 
general appearance of the stock, state of cure, color, etc., to aid in judging the 
amounts of CaO, MgO, and PbO used, if any. 

2. Estimate carbon black, glue, and substitutes if any, from their special 

analyses. j i • 

3. Estimate rubber hydrocarbon by difference. Subtract 3.0% of this 
from the combined sulfur, and see if the use of reclaim is indicated. The odor 
of the stock is also often characteristic in connection with either reclaim or 
softeners such as pine tar oil. If much CS is left over, figure it as 3.5% of 
reclaim, and check this indicated reclaim content with the other extracts and 
ash to see if it seems reasonable. 
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4. Subtract 10% of the estimated reclaim and 3.5% of the estimated rubber 
content from the acetone extract, and estimate the kind and amount of softeners 
used from the remainder, taking into account the character of the extracts, 
and correcting the chloroform extract if necessary for the effect of the reclaim 
present. 

5. Figure the sulfur used as total sulfur less 3.5% of the reclaim and 6.0% 
of any mineral rubber present. 

6. Calculate the specific gravity of the stock from the probable composition, 
and compare with the actual specific gravity, which should be within 0.02, 
except in the case of compounds containing large amounts of softeners or. 
sulfur, with which the actual gravity is usually several points higher than the 
theoreticaL 


ANALYSIS OF RAW MATERIALS 

Raw Rubber. — All but a very small percentage of the rubber used in the 
United States is plantation grown, and appears upon the market quite clean 
and drj", and graded (by appearance and history) according to standards e.s- 
tablished by the Rubber Exchange of New York. Except for research pur- 
poses, the chemical laboratory is seldom called on to determine more than 
moisture, acetone extract and ash. The factory, however, is interested in the 
rate of cure and physical properties with given formulae, which vary widely 
\^^th rubber of identical appearance. For control purposes, it is common to 
blend at least three lots of rubber together on mixing mills, and evaluate the 
blend by means of physical tests on experimental batches, the formulae used 
varying with the factory and the use to which the rubber is to be put. Methods 
for special analytical determinations are given in the previous chapter. For 
data on the chemistry and structure of hevea rubber, see Dinsmore, Ind. Eng. 
Chera. 18, 1140-5 (1926), and Fisher, Chemical Reviews, VII, 1 (Mar. 1930). 

Reclaim. — Reclaimed rubber is classified according to the type of rubber 
scrap from which it was prepared, and is subjected when required, to the same 
chemical examination as a rubber compound, with particular emphasis on 
specific gravity, moisture, alkalinity, acetone extract and ash. These tests 
however, are mainly useful in control of material of known source and type, and 
any new material requires physical testing, both alone and in the type of com- 
pound where it is to be used, and also factory tests in actual production com- 
pounds to determine the effect on factory handling conditions. 

Accelerators and AntiozidantB. — A very considerable number of substances, 
mostly organic, has come into use in recent years as additions to rubber com- 
pounds to accelerate the rate of vulcanization, or to retard the rate of deteriora- 
tion after vulcanization. A few of these are of definite composition that per- 
mits simple tests for purity. Most, however, are complex, and require ex- 
tended physical tests for their evaluation, and are consequently sold chiefly 
without test on the strength of their manufacturer's reputation. Data with 
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respect to the c assification of accelerators have been published by Dinsmore 

(1928), and by Martin and 
Thiollet, Chei^ and Tech., 2, 356 (1929) and 3, 38 (1930). See also 

Callan and Strafford Chem. and Ind., Jan. 4, 1924. The following common 
accelerators are usually subjected to chemical specifications as shown below. 


Formulae. — 



Diphenylgiianidine 

(DPG) 


Guanidines 



Diorthotolylguanidine 

(DOTG) 



H 

Triphenylguaoidine 

(TPG) 


Moisture.— ’Max. 0,5%. Dry to constant weight at 105® C. 

Ash. Max. 0.5%. Ash one gram sample and weigh residue. 

Punty. Mia. 97.0%. Dissolve one gram sample in 25 ml. alcohol, titrate 
with 0.1 N alcoholic HCl using bromphenol-blue indicator. 1 ml. 0 1 N HCl 
= .0211 g. DPG, .0239 g. DOTG, .0287 g. TPG. 

Fineness. 100% through 100 mesh, min, 99% through 200 mesh. Use a 
earners hair brush lightly to assist in sifting. 


Formula. — 


M ere aptobenzo thiazole 



Trade name, “Captax,” 

Moisture, Ash and Fineness, as above. 

Purity. — Min. 90.0%. Dissolve one-half gram sample in 25 ml. alcohol 
and titrate with 0,1 N alcoholic NaOH, using phenolphthalein indicator. 1 ml. 
0.1 N NaOH = .0168 g. mercaptobenzothiazole. 

Softeners 

Softeners constitute an important class of rubber compounding ingredients, 
as in addition to modifying the properties of the vulcanized compound, and 
in most cases reducing the cost, they greatly affect the properties before vul- 
canization and often make possible large savings in processing. A great many 
materials are used, including petroleum products such as refined lubricating 
oils, petrolatums, paraffin, and blown asphalts (mineral rubber), vegetable oils 
such as cottonseed oil, palm oil, and castor oil, wood distillation products such 
as pine tar, pine tar oil and hardwood pitch, resins such as rosin, glycerol ester, 
cumar, dammar and shellac, and fatty acids such as stearic, oleic and lauric 
and their zinc salts. 
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The most essential feature from the compounder’s standpoint is the uni- 
formity of the material selected, and ordinary tests for melting point, viscosity, 
etc., appropriate to the product are applied, the only features peculiar to rubber 
being that copper and manganese must be absent, on account of the very 
deleterious effect of even minute traces in rubber compounds, and alkalinity 
or mineral acidity must be absent on account of the effect on the rate of 
vulcanization. 

Fillers and Reinforcing Agents 

Reinforcing agents such as carbon black, zinc oxide, light magnesium 
carbonate, and certain processed clays; color pigments such as iron oxide, 
chrome green, golden antimony, and various dyes and lakes, and mineral 
fillers such as whiting, barytes, clay and asbestine, are widely used in rubber 
compounding for their effects on the cost and physical properties of the stocks. 

In this connection, it may be mentioned that the custom has arisen in 
American rubber factories of calling many compounding ingredients “pig- 
ments,” regardless of whether they are colored or not. This is chiefly due to 
the practice of writing formulae in code, a certain “pigment number” repre- 
senting a given ingredient, and the term even being extended to softeners such 
as pine tar and solvents such as benzol. 

On account of the great effect of particle shape, size and surface condition, 
all material from new sources requires testing in actual compounds before it 
can be approved for use, but for control purposes on material from known 
sources, customary tests for purity and uniformity can be applied. All mate- 
rials should pass 100% through 100 mesh, this in the case of reinforcing pigments 
being merely to detect the presence of any lumps, as the individual particles 
are far finer than any screening test can grade. On carload shipments, the 
screening test should be made on a representative sample of 200 pounds to 
detect stray contamination. All materials should be dry, free from copper and 
manganese, free from alkalinity and acidity, and except for lead compounds 
used as such, free from lead. Other properties of interest to the rubber com- 
pounder include specific gravity, particle shape and .size, heat conductivity, 
specific heat, reactivity with sulfur, volatile matter at curing temperatures, and 
tendency to agglomerate during milling. A few special tests follow. 

Carbon Black. — Simultaneously determine moisture by heating a sample 
one hour in an electric oven at 105° C., and total volatile by heating a one gram 
sample in a platinum crucible with capsule cover in an electric furnace for seven 
minutes at 955° C. Difference is volatile matter, which in excess of 5.5%-6.0% 
has been shown to lower the quality of the black materially for rubber purposes. 

Any black of different type from standard will show difference in covering 
power, determined as follows: take sample of 0.050 g. each of standard black 
and of sample to be tested, and place side by side on a clean glass plate. To 
each, add 2.00 g. standard zinc oxide and 30 drops of pure raw linseed oil. Mix 
each by rubbing with a spatula until the resulting paste is smooth and free from 
streaks. Compare colors by placing small portions of each on a microscope 
slide and pressing with a second slide. Add additional zinc oxide if necessary 
from a weighing bottle until the pastes show exactly the same color, 

Wt. ZnO for standard 
l yt: ZaOforBample 
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Zinc Oxide. — Test for covering power, using standard carbon black as 
above. Determine sulfates by dissolving 2 grams in 50 ml. water and 10 ml. 
concentrated HCl, adding 6 ml. Br water, boiling off excess Br, and precipitating 
with BaCl2. Max. 0.20% SO3. Determine lead by dissolving 5 g. in 60 ml. 
1 : 1 HNO3, diluting to 400 ml., and throwing out PbOa electrolytically. Max. 
0.20% PbO. Compare particle size and shape by grinding a few mg. in 
turpentine, mounting on a slide to form a very thin film, and comparing under 
the microscope with a standard sample. 

Color Pigments. — Compare color and fineness by grinding 0.050 g. to 0.100 
g. sample into 2.0 g. ZnO and linseed oil as in covering power test. 

Solvents. — On account of their lower price range, solvents derived from 
petroleum are chiefly used in this country for making rubber cements, other 
solvents such as benzol, xylol, carbon bisulfide and carbon tetrachloride being 
used only for special purposes. The petroleum solvents are held to very close 
distillation specifications to control the rates of drying of the rubber cements. 
Low boiling fractions are to be avoided as much as high boiling fractions, as 
they cause greater fire hazard and large loss of solvent during mixing and 
handling. Specifications usually call for no residue on evaporation at room 
temperatures, no acidity to methyl orange, sweet odor, negative doctor test, 
and color not over 30 Saybolt. Typical distillation specifications for rubber 
maker's naptha, using the standard A. S. T. M. method, are as follows: 


IBP min. 52" C. min. 73” C. 

10% min, 67 min. 82 

20 min. 72 min. 84 

40 min. 81 min. 88 

60 max. 90 max. 93 

80 max. 105 max. 100 

DP max. 144 max. 128 



SLAG ANALYSIS* 


The slags made in metallurgical operations consist of complex mixtures 
and solid solutions of silicates, oxides, aluminates, fluorides and many other 
compounds. In the molten condition some of these components are probably 
in igneous solution in each other, their exact composition and the nature of 
their association depending upon the state of equilibrium at the time the slags 
were produced. The composition of slags is important both because of its 
influence upon furnace operations and because of its effects upon the character 
of the metallic products. For these reasons it is necessary to make frequent 
slag analyses in all metallurgical plants. 

In iron blast-furnace slags the principal constituents are silica, alumina, 
lime and magnesia, with small amounts of iron oxide, manganese oxide, calcium 
sulfide and phosphoric acid. Titanium oxide is also frequently present. 
In modern blast-furnace practice, which involves the use of high lime slags, 
in order to keep sulfur out of the iron, the percentage of lime and sulfur in 
the slags is closely watched. In open-hearth furnace slags the amount of 
phosphorus may be high enough to warrant the sale of the slag as fertilizer. 

Lead blast-furnace slags consist mainly of silica, iron oxide, manganese 
oxide, lime, alumina and zinc oxide, with small percentages of magnesia, 
barium oxide, lead, copper and sulfur. Of these the most important to the 
metallurgist are silica, iron oxide, lime, zinc oxide and lead, and determinations 
of them must be made at least once a day. The other components are deter- 
mined less frequently. In some of the Mexican lead-smelting plants calcium 
fluoride occurs in the blast-furnace slags. The lime combined as fluoride is 
determined separately, as it is not available for the saturation of silica. 

Copper slags are made up mainly of silica, iron oxide, lime and alumina. 
The manganese oxide and the zinc oxide are usually less than in lead slags. 
The silica and alumina, however, are generally higher. This is especially true 
in the case of reverberatory slags, in which a greater viscosity can be permitted. 
The percentage of copper is quite important as it measures the chief source of 
loss of that metal. The percentage of copper in the slag is usually about one 
hundredth of that in the matte. The amount of lime in copper slags varies 
a great deal more than it does in lead slags, as it is of less importance in in- 
fluencing the metallurgical results. In converter slags the copper may amount 
to several per cent, and the slag then becomes an important by-product. 

Composition of Slags 

Blast-Furnace Slags.— SiOa- 35 to 45%; FeO=0.2 to 0.5%; CaO=32 to 46%; 
AIaO, = 14 to 17%; MgO = 1.0 to 1.5%; MnOt=trace to 0.1%; S = 1.5 to 2.0%; PjOs 
*0.01 to 0.96 

Lead Blast-Furnace Slags.— SiOj= 36.7%; FeO*29.5%; Ca0=20.9%; ALOi 
-3.16%; MgO-L69%; MnO-0.91%; S = 0.75%; BaO-0.54%; ZnO=4.19%; 
Pb = 1.38%; Cu-0.10%; Au-0.001%; Ag-0.70%. 

1 By Wilfred W. Scott. 
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Average of one year’s analyses on representative samples. 

Copper Blast-Furnace SUgs.--Si02=23 to 49%; Fe(MnO)=2.5 to 57%; Ca(MgO) 
*2.5 to 25%; Al20i = 1.5 to 18%; ZnO^nil to 23%; Cu=0.15 to 1.1%; S=nU to 1.5%. 


Decomposition of tlie Sample and Analysis 


General Reverberatory Slag. — Usually 0.5 gram of the finely ground slag 
is taken for a determination, a larger amount when the constituents sought 
are present in very small amount. The material placed in a platinum crucible 
is fused with 5 to 6 gramg of Na 2 C 03 at red heat (muffle furnace, if possible) 
for 10 minutes. The mass is cooled on the side of the crucible, and the fusion 
dissolved in a casserole by adding an excess of HCl, followed by a few ml, of 
HNO3. The solution is evaporated to dryness and the residue baked. The 
mass is taken up with dilute HCl. Silica remains as a residue and is filtered 
off and determined. The metals are determined in the filtrate. 

Chilled Blast Furnace Slag.— The sudden chilling of the molten slag by 
dropping into water causes a physical change in the material which enables a 
decomposition by means of acids without resort to fusion, as given above. 

About 0.5 gram of the finely ground chilled slag in a small casserole is 
moistened with water and about 3 ml. of concentrated HCl added. All lumps 
are broken up by stirring with a glass rod until a smooth jelly results. A few 
drops of HNO3 are added to oxidize the iron and the jelly is worked up around 
the sides of the casserole in an even layer to the height of about inch. (This 
permits rapid dehydration of the silica and reduces loss by ^‘spitting.”) The 
acids are expelled by evaporation and the residue gently baked. (If the 
temperature is too high, some alumina will combine with the silica and give 
high results for SiOj.) After cooling, about 20 ml. of concentrated HCl are 
added and the mixture boiled for a few minutes, then diluted with an equal 
volume of hot water and filtered hot. SiOj remains as a residue, the metals 

are in solution. _ , -.nr. 

Silica. — The residue obtained from the decomposition is washed with hot 
water until free from chlorides, the washings being added to the main filtrate. 
The residue and filter are ignited, then cooled and weighed as Si02. 


Note.— Should barium be present, is the case with many l^d ste, nitric acid is 

omitted in the decomposition, as this would cause contain ation of the silica with 
barium sulfate. If nitric acid is used, it is advisable to ^tam the 
by first weighing the residue. This is placed in a weighed pktmum dish, then treaty 
with hydrofluoric acid and a few drops of sulfuric acid The solution is evaporated, 
all the acids and the silica being expeUed (as silicon Auonde). 

weighed and subtracted from the first weight obtained. The loss represents S 1 O 2 . 

^Copper slags carrying 40 to 45% of SiOj are more troublesome th^ those with 35 to 
37% of SiOa in regard to alumina uniting with the sibca during dehydration. 

Lime.— (In presence of iron oxide and alumina) Ammonia is added to the 
filtrate from silica and then oxalic acid little by little untihthe precipitated iron 
and aluminum hydroxides just dissolve. The solution is again made am- 
luoniacal and oxalic acid again added to dissolve iron. The solution should 
appear a light apple-green color. It is now boiled or a few minu es and the 
precipitated calcium filtered off and washed wi^ hoi water until free from 
oxalic acid, six or seven times being generally sufficient. 
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The filter containing the calcium oxalate is dropped in a beaker, 150 ml. of 
hot water added together with 15 ml. of (1 : 1) H2SO4 and the oxalic acid titrated 
with standard potassium permanganate. 

1 ml, of 0.1 N KMn04=0.0028 gram of CaO. 

The Fe value of KMn04 multiplied by 0.5 = CaO value. 

Notes. — If preferred, iron and aluminum may be precipitated as hydroxides, and 
filtered ofl, calcium being determined in the filtrate. It is advisable to redissolve the 
precipitate to recover any occluded lime and again precipitate the hydroxides with 
ammonia, the filtrate being combined with the main filtrate. 

In place of titrating the oxalate of lime, it may be ignited and the residue weighed 
directly as CaO. 

If oxalic acid is added in the form of a fine jxiwder instead of a solution, the calcium 
precipitates in a much more granular form and requires less boiling before filtering. 

Iron. — (In presence of silica) Half a gram or more of the finely ground 
chilled slag in a beaker is treated with 50 ml. of boiling water, the particles 
stirred up and kept in suspension and about 25 ml. of concentrated HCl added. 
The solution is boiled until clear. (If coke dust is present it will still be evident, 
but may be neglected.) Stannous chloride solution is added, drop by drop, 
until the iron is reduced (solution becomes colorless) and 2-3 drops excess 
added. The solution is cooled by placing the beaker in cold water, Alercuric 
chloride, IlgCL, solution is added to precipitate the excess of stannous chloride. 

The iron is determined by titration W'ith standard potassium dichromate, 
using ferricyanide indicator on a spot plate. See subject in the chapter on 
Iron. Report as FeO. 

1 ml. of 0.1 N K2Cr207 = 0.00558 g. of Fo, 0.00719 g. of FoO, 

FeX 1.2865 = FeO. 

Note. — The iron may be precipitated as hydroxide, then dissolved in dilute H2SO4, 
the solution reduced by boiling with test lead or reduced in cold solution with zinc and 
the solution titrated with standard j>ota.ssium permanganate. Thi.s method is frequently 
preferred where previous fusion to decompose the ore has been required. Lime may be 
determined in the filtrate from iron. 

Detennination of Other Constituents in Slags 

Alumina: Phosphate Method . — The filtrate from the silica determination 
is diluted to about 400 ml. wdth cold water and 30 ml. of 10% ammonium 
phosphate added. Dilute ammonia water is added until a slight permanent 
precipitate forms. 

1.5 ml. of concentrated HCl is added and 40 ml. of 20% solution of Na2S20* 
and the mixture boiled for about two or three minutes. 15 ml. of 20% ammo- 
nium acetate and 6 ml. of concentrated acetic acid are added and the boiling 
continued for about 15 minutes. 

The precipitate is allow^ed to settle for 15-20 minutes, the clear solution 
decanted through a filter and finally the aluminum phosphate filtered and 
washed. (The presence of the acetate makes the compound more granular.) 
10 washings with hot water are sufficient. 

The precipitate is dried, ignited and weighed as AIPO4. 

The precipitate contains 41.85% AI2O3. 
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Note. — The slag may be decomposed by treating 0.5 gram in a platinum dish with 
5 ml, HNO3, 6 ml. of HF and about 2 ml. of (1 : 1) H2SO4. The sample is taken to strong 
fumes of SOs, then cooled and 10 ml. of HCl added and the mixture boiled. Alumina and 
iron may now be precipitated as hydroxides, and filtered off and washed. After dis- 
solving in HCl, precipitate AIPO4 as in the method above. 

Manganese. — Half a gram of the slag is placed in a beaker and about 
50 ml. of water added, the solution stirred until the material is in suspension 
and about 15 ml. of HCl added, followed by 5 mi. of HNO3, and the solution 
boiled until most of the chlorine has been expelled. 

Hot water is added to make up to a volume of about 100 ml. The iron is 
now precipitated by adding ZnO emulsion until the acid is neutralized and an 
excess of ZnO forms on the bottom of the beaker. 

The solution is boiled for a few minutes and the manganese titrated while 
the solution is still hot (in presence of the precipitate) with standard potassium 
permanganate. 

The end-point is best seen by allowing the precipitate to settle slightly and 
observing the clear upper stratum of the liquid. 

1 ml. of 0.1 N KMn04 = 0.00165 g. of Mn. 

The lime value of the KMnO4X0.588 = Mn, 

Note, — In place of the method given above consult the chapter on Manganese for 
the volumetric oxalic acid method. 

Zinc. — To 0.5 gram (1 gram if zinc is low) of the sample in a casserole is 
added 3 ml. of water, 5 ml. of HCl and 2 ml. of HNO3. When the Si02 is 
completely gelatinized, about 4 grams of NH4CI is stirred in. 

The sample is dehydrated only until the residue crumbles easily as baking 
is lialdc to volatilize some zinc as chloride. About 30 ml. of hot water are 
added and the solution brought to boiling, filtered and the residue washed with 
hot water. 

To the filtrate ammonium persulfate and bromine are added, the amount 
being governed by the manganese present, i.e., 0.03 g. of ammonium persulfate 
and 10 ml. bromine for every 0.01 g. of Mn in solution. Ammonia is added 
in slight excess, the solution boiled about 2 minutes, filtered, and the residue, 
MnOz, etc., washed. (It is advisable to redissolve the precipitate in a little 
dilute’ HCl and again precipitate with persulfate and bromine, adding the 
filtrate to the main filtrate.) 

The solution is just neutralized with HCl and 5 ml. excess added, followed 
by 2 grams of test lead. Tlie solution is boiled about 15 minutes. 

About 8-10 ml. of HCl are added, the solution heated to about 60° C, 
and the potassium ferrocyanide added. When the titration is almost com- 
pleted, the bluish-white color of the precipitate changes to nearly pure white. 

If the ferrocyanide is made up by adding 21.63 grams of potassium ferro- 
cyanide per liter of solution, 1 ml. will equal very nearly 0.005 gram of Zn. 
Consult chapter on Zinc. 

In place of the above method the rapid method given in the chapter on Zinc 
may be followed. 

Magnesia.-~0.5 gram or more of the finely ground chilled slag, placed m 
a casserole, is moistened with water, 5 ml. of HCl and a few drops of HNO3 
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added. The acids after reacting with the slag are evaporated off and the 
silica dehydrated. The residue is taken up with 15 ml. of HCl and about 
30 ml. of water, and boiled. 

Silica is filtered off and washed. 

The filtrate is made slightly alkaline with ammonia, 8 ml. of (NH4)2S and 
1 gram of (NHdaCOs added and the solution boiled for a few minutes, the 
precipitate then filtered off and washed several times with water containing a 
little (NH4)2S. 

The filtrate is made slightly acid with HCl and boiled down to about 
50 ml. The precipitated sulfur is filtered off and the filter washed. If the 
solution is cloudy, it is cleared by adding bromine water and boiling. 

Ammonia is now added, and a small amount of ammonium oxalate to 
remove any CaO still remaining; after boiling, the oxalate of calcium (‘Uime”) 
is filtered off and washed. 

Magnesia is now precipitated in the filtrate by addition of Na2HP04 or 
another alkali phosphate, and the magnesium ammonium phosphate filtered 
off, washed with 2% ammonium nitrate solution, ignited and weighed as 
hlgaPjOT. Consult the chapter on Magnesium. 

Mg2P2O7X0.3621 = MgO. 

Copper: ColoTimetnc Method with Ammonia . — The percentage of copper 
normally present in blast furnace slags should not exceed 0.3%. Converter 
slags may contain as much as 2.5% copper. The colorimetric method is 
especially adapted for this determination owing to its simplicity and speed. 

Slags which have been ‘'chilled’^ are readily decomposed by IICl. Stirring 
constantly during the acid action and diluting as soon as decomposition is 
complete prevents the separation of gelatinous silica and hastens the solution 
of copper. 

Procedure: Cofor Standards. — 0,2 gram of pure copper foil is dissolved in 
20 ml. of 1 : 1 HXO3 in a covered beaker, warming gently. After evaporating 
down to about 10 ml., the solution diluted to 50 ml. is transferred to a graduated 
liter flask, 200 ml. of ammonium hydroxide added and the solution diluted to 
1000 ml. 

5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 ml. portions arc taken and 
placed in lOO-mJ. Nessler colorimetric tubes. (In place of the tubes clear 
white glass bottles of about 150 ml. capacity may be used.) The volume of 
each solution is diluted to 100 ml. with 1 : 5 ammonium hydroxide. 

If a colorimeter is available, a standard is taken that corresponds to that 
of the sample as prepared according to directions below and comparisons made 
by viewing the solutions through the depth of solutions adjusted to give the 
same intensity of color. 

Preparation of the Sample. — Two grams of the finely crushed sample 
(lOO-mesh) is treated in a beaker with 10 ml, of water to thoroughly moisten 
the powder, 10 ml. of concentrated HCl are added and the mixture stirred, 
warming gently until the undissolved residue becomes flocculent, remaining in 
suspension. 

About 90 ml. of H^S water are added or the same volume of water and HaS 
gas passed in until the solution is saturated. The solution is warmed gently 
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until the copper sulfide coagulates. The precipitate is filtered through a 
small filter (a Witt filter is satisfactory) and washed with H2S water. 

The sulfide is now dissolved in 5 ml. concentrated HNO3 (in the beaker in 
which the CuS was precipitated), 30 ml. 1 : 5 NH4OH solution are added, the 
solution filtered through a second filter, and this washed with 1 : 5 ammonia 
reagent. 

The copper solution is transferred to a Nessler tube (bottle or colorimeter 
tube as the case may require) and comparison made with a standard, the 
solution being made up to 100 ml. with 1 : 5 NH4OH. 

Electrolytic and Iodide Method for Copper 

For extreme accuracy the electrolytic or iodide methods are recommended. 
Details of these methods may be found in the chapter on Copper. See also 
the chapter on Fire Assay Methods by I. A. Palmer. 

Lead. — The determination of lead is frequently required in slags. Slags 
high in silica are apt to contain lead in appreciable quantities, probably com- 
bined as silicate. The decomposition of the slag by treatment with HF as 
given in the footnote on page 2021 is recommended. 

The determination of lead in slag does not differ materially from its deter- 
mination in ores. Reference is made to the chapter on Lead for its estimation. 

Other Constituents. — The determination of barium, titanium, sulfur, 
phosphorus, chromium, cobalt, nickel, alkalies, etc., is occasionally necessary. 
The procedures for these determinations may be found in the chapters dealing 
with the elements in question.^ 

1 The introduction to this section “Slag Analysis’' was WTitten by Prof. I, A. Palmer, 
Department of Metallurgy, Colorado School of Mines. 

A number of the procedures appearing in this chapter on slag analysis are standard 
methods used at the Washoe Smelter of the Anaconda Copper Mining Company arid are 
procedures originally suggested by Professor H. W. Thomson, Department of Mining, 
The University of British Columbia. 
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Soap is the term generally applied to the alkaline salts of the non-volatile 
fatty acids. From a scientific viewpoint, all metallic salts of fatty acids are 
soaps; most of them are, however, insoluble in water and, therefore, not com- 
monly used as cleaners. Commercial soaps are made by saponification of 
glycerides of fatty acids with sodium or potassium hydroxide, or by saponifica- 
tion of fatty acids with sodium or potassium carbonate. Various manufactur- 
ing methods are employed, but the two most common are the “ cold process ” 
and “ boiled process.” In the “ cold process ” the fat and alkali are combined 
in the cold, and since no salt is added to “ grain out ” the soap, it contains all 
of the impurities of the fat and alkali, and all the glycerin. “ Boiled soaps ” 
are made from fat by boiling in a kettle wnth sodium hydroxide or carbonate. 
Salt is added to “ grain out ” the soap, w'hich separates the soap from most of 
the glycerin and impurities. 

To soaps made by either of the above processes may be added various in- 
gredients to obtain certain characteristics and qualities desirable from a view- 
point of appearance and of detergency. Perfumes, coloring matter, and medi- 
cants are added to toilet soaps; transparent soap is a combination of soap, 
alcohol, sugar, and glycerin. Some soaps may contain fillers added to impart 
special characteristics. A few of these are colloidal clay, pumice, oatmeal, 
bran, sawdust, milk, ground corn, blood albumin, gliadin, cellulose, etc. Medi- 
cated soaps may contain carbolic acid, thymol, petroleum, vaseline, camphor, 
gelatin, iodides, chlorides, zinc stearate, zinc oxide, and mercuro-compounds. 

From this brief description it can be seen that a soap received in a laboratory 
may contain any of the various constituents mentioned- The following meth- 
ods include only those commonly encountered in soap analysis. When analyses 
for fillers are desired other than those described, the usual methods for such 
materials are applicable. 

In compiling these methods, in many cases the standard methods for the 
sampling and analysis of commercial soap and soap products of the American 
Chemical Society ^ and of the American Oil Chemists’ Society ^ are used, and 
acknowledgment is given. In some cases the A. C. S. — A. 0. C. S. methods 
are modified or replaced by methods which have been developed for soap works 
laboratories where a large number of samples arc handled daily for control 
purposes, so that methods must be rapid as well as accurate. For sampling of 

^ Compiled by the Chemical Division of the Procter and Gamble Co. Through the 
courtesy of the Company and C. P. Long. The Methods approved by the A. C. S. and 
A. 0. C. S. Committees on the Analysis of Soaps and Soap Products have been incor- 
porated. 

* Standard Methods for Sampling and Analysis of Commercial Soaps and Soap 
Products, J. Ind. Eng. Chem., 14, 11.59 (1922); Ind. Eng. Chem., Anal. Bia. 9, 2 (1937). 

* Standard Methods for Sampling and Analysis of Commercial Soaps and Soap 
Products, OU and Soap, 11, 90 (1934). 
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shipments in commercial transactions, the methods prescribed by the two 
societies referred to should be used. 


PREPARATION OF SAMPLES FOR ANALYSIS 

The instructions follow A. C. — A. 0, C, S.® methods in general detail. 

Cakes or Bars 

Samples on which an entire analysis is to be made should be run through an 
ordinary food chopper. If the sample cannot be easily disintegrated and mixed, 
it should be quartered by cutting at right angles in the center and portions from 
all freshly cut surfaces shaved off with a knife, portions of these shavings being 
used for analysis. Freshly stamped bars obtained in plant control may be 
sampled with a cork borer of convenient diameter. Roth ends of the sample 
plug should be cut off and rejected. The samples should be preserved in air- 
tight containers in a cool place. Excessive exposure to the air and handling 
with the hands should be avoided as much as possible. 

Powders, Flakes, and Chips 

Samples in cartons should he removed and thoroughly mixed on an oil 
cloth. The sample should be reduced if necessary by quartering or passing 
througli a riffle. It is then placed in airtight containers. Quart Mason jars 
arc convenient. Flakes should be broken up as much as possible with a knife 
or chopper. Containers should be completely filled with the sample. When 
removing portions for analysis the entire sample should be mixed in the con- 
tainer with a spatula. 

Paste Soap Products 

The sample slmuld be removed from its original container, thoroughly 
kneaded and mixed well. Portions for analysis should be weighed quickly aud 
the remainder kept in an airtight container in a cool place. 

Liquid Soap 

The sample should be mixed carefully with a spatula or spoon. Shaking or 
any action to form suds should be avoided. Unused portions should be kept 
in air-tight glass containers. 
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METHODS OF ANALYSIS 

When a determination shows non-conformity with specifications, a dupli- 
cate should be run. If the sum of all the constituents is not reasonably close to 
100%, the entire analysis should be re-run, beginning with moisture and volatile 
matter and anhydrous soap. In case of heavily silicated soaps, some moisture 
will be retained by the silicate, and w^hen appreciable amounts of glycerin or 
solvents are present, the moisture and volatile value will be high. These facts 
should be taken into consideration when interpreting final results. 

Moisture and Volatile Matter (Oven Method) 

Weigh a 5±.01 gram sample rapidly in a tared 4 ounce aluminum dish, 
tinned ointment box, or glass dish. Dry to constant weight in an oven at 
150° ±2° C. Usually 45 minutes to 1 hour is sufficient. Soaps containing 
naphtha or as much as 1% glycerine give results too high on account of volatili- 
zation of these materials. Soaps containing silicate give results which are too 
low because some water is retained by the silicate. In tliese cases moisture 
should also be reported by difference after all other constituents have been 
determined. 

Some soaps w'ill char at 150° C. but may be dried satisfactorily at 105° C.; 
usually two hours are sufficient. Soaps from linseed and other oxidizing oils 
absorb oxygen and, if the oven is used, may gain in weight near the end of the 
test. For soaps from such oils or those containing naphtha and glycerine, the 
distillation method is much more satisfactory than any oven method. 

Moisture (Distillation Method) * 

For soaps containing from 5 to 25% of moisture and volatile matter use a 
20 gra. (±0,04 gm.) sample. For soaps containing more than 25% moisture 
and volatile matter use a 10 gm. (±0.02 gm.) sample. The weighed sample is 
carefully transferred to a 500 ml. short-neck round bottom flask or an Erlen- 
meyer flask. Add approximately 10 gm. of anhydrous, fused sodium acetate 
to prevent \'iolent frothing, and then follow with 100 ml. of xylene which has 
previously been saturated with water by shaking the xylene with a small quan- 
tity of water and distilling. Use the xylene distillate for the determination. 
Attach the flask to a graduated distilling tube receiver, such as the Bidwell- 
Sterling or Stark and Dean apparatus. The receiver should be calibrated at 
25° C. and normally of 5 to 6 ml. capacity. It is connected to a reflux con- 
denser (19^' Liebig). Prior to starting the determination, fill the receiver 
with saturated xylene by pouring in through the reflux condenser. 

So that the refluxing wUl be under better control, wrap the flask and the tube 
leading to the receiver with asbestos cloth. Apply heat to the flask by means 
of a Argand gas burner or an electric heater and distill slowly. The rate at the 
start should be approximately 100 drops per minute. When the greater part 
of the water has apparently distilled over, increase the distillation rate to 200 
drops per minute until no more water is collected. Purge the reflux condenser 

* A. Kt Church and J. H. WUson, Soap, 7, 35, 193L 
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during the distillation with 5 ml. portions of xylene to wash down any moisture 
adhering to the walls of the condenser. The water in the receiver may be made 
to separate from the xylene by using a spiral copper wire. Move the wire up and 
down in the condenser occasionally, this causing the water to settle to the bot- 
tom of the receiver. Reflux for at least two hours, after which the heat is 
turned off. Adjust the water distilled over into the receiver to 25° C. Read 
the volume of water and calculate the percentage of moisture in the soap, as 
follows: 

Volume in ml. at 25° C.X0.997 _ 

Weight of sample ~ ^ “W^ture in soap. 


Total Fatty Acid, Fatty Anhydride, Combined Alkali, and Anhydrous Soap 

(a) Soaps Containing a Small Amount of, or Ro Coconut Oil.— Weigh a 
5 ±.01 gram sample on a tared watch glass, transfer to a 250 ml. beaker, and 
dissolve in 50 ml. of hot water. Transfer to a 250 ml. glass-stoppered extraction 
cylinder, make up to a volume of 100 ml., and cool. Add 3 drops of methyl 
orange and sufficient dilute H2SO4 (1 : 4) to give an excess of acid after decom- 
posing the soap. Add 40 ml. of ethyl ether and shake gently until the contents 
are well mixed. Let the cylinder stand until the ether layer has separated 
clear. Draw off the ether layer into a tared 150 ml. Soxhlet flask through a 
slender glass siphon by means of suction. Wash the siphon by drawing a few 
ml. of ether through, it. Repeat the extraction at least 3 more times, using 
25 ml. of ether and shaking more vigorously after the first extraction. Silicated 
soaps and flakes which show a tendency to dry out should be extracted about 
6 times. Combine all extracts in the same Soxhlet flask. If the extract is not 
clear transfer to another tared Soxhlet flask through a filter. Evaporate the 
ether from the Soxhlet flask by warming on the edge of the steavi bath. Rapid 
evaporation will cause condensation of moisture in the flask. In case of soaps 
high (40% or higher) in coconut oil, evaporate only to about 50 ml. and proceed 
as in (6). For other soaps evaporate to dryness, and finally dry for 1 hour 
at 90° ±2° C. Cool and re weigh. Dissolve the extracted fatty acids in about 
40 ml. of hot, neutral alcohol, add a few drops of phenolphthalein indicator and 
titrate with N/1 NaOH to exact neutrality. 


Weight of fatty acids X 100 
Weight of sample 

NaOH titration XO.9 


= % total fatty acid. 


^ , = % water equivalent to fatty acids. 

Weight of sample 

% total fatty acid — % water equivalent = % “ Fatty Anhydride.’^ 
NaOH titration X 3.1 


Weight of sample 
NaOH titration X 4.7 


% combined Na20. 
— % combined K2O. 


Weight of sample 

% fatty anhydride-h% combined alkali = % “ Real Soap ” or Anhydrous Soap. 
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(b) Soaps High in Coconut Oil, — If desired, this method may be used for 
any soap. It is often called the “ soda soap method.^- ® 

Proceed with the extraction as for boiled soaps except that the extracts are 
collected in a 250 ml. beaker or Soxhlet flask. Partially evaporate the ether 
to not less than 50 ml. on the edge of a steam bath and add 50 ml. of hot, 
neutral alcohol redistilled over caustic. Add several drops of phenolphthalein 
indicator and titrate with N/1 NaOH to exact neutrality. Evaporate on the 
steam bath to dryness, and w^hile the soap is in the form of a thick paste, swirl 
the beaker on its side, thus distributing the soap in a thin layer along the sides 
and bottom of the beaker. 

Dry to constant weight in an oven at 105"^ i 2° C. After a preliminary 
drjdng at 105® C. for an hour, drying may be continued at 150° C. On removal 
from the oven cool in a desiccator and w'eigh as soon as cool. 

Correct for neutral salts in the caustic solution by determining the amount of 
salt per ml. by neutralizing 20 ml. of N/1 NaOH wdth N/1 HCl using phenol- 
phthalein indicator and drying the residue to constant weight at 105° C. From 
the weight of the residue found, subtract the \veight expected if the reagents 
had been 100% pure. The difference divided by 20 gives the correction per ml. 
for neutral salts. Subtract the product of the total fatty acid titration times 
the factor (0.022) plus correction for neutral salts from the weight of soda soap 
to obtain total fatty acids. Calculate as for boiled soap. 

If the soap is a cold process soap containing superfat, i.e. unsaponified fat, 
and total fatty acids are required, it will be necessary to treat the sample after 
dissolving in w^ater with 5 ml. (or more) of 50° Be caustic potash solution. 
The solutions should be mixed thoroughly. With cover glass on the beaker, 
place over an opening in a steam bath, saponify for one hour wdth occasional 
stirring. Acidify with an excess of dilute H2SO4 (1:4) and proceed as above. 

If the real soap in a soap containing superfat is desired, it will be necessary 
to determine the superfat including free fatty acid and unsaponifiable and to 
correct the total fatty acid as determined without further saponification. 

Chlorides 

Transfer the acid w^ater in the cylinder from the total fatty acid extraction to 
a 250 ml. beaker, neutralize with chlorine-free N/1 NaOH and back titrate with 
N/1 H2SO4 to make the solution one drop on the acid side of neutral. Add 1 
ml. of 10% potassium chromate indicator. Place over a Wratten Safclight — 
Filter No. 00 illuminated by a 200- watt Mazda light at distance of 12". Titrate 
slowly with N / 10 AgNOa solution, stirring vigorously. The addition of a little 
gum arabic may aid in the titration. 

Titration XO. 585 ^ p. 

Weight of sample ^ ’ 

Titration XQ.745 ^ 

Weight of sample ^ 

In case total anhydrous soap is not to be determined, it will be more con- 
venient to use the following method. Dissolve 5 zb .01 grams of soap in 40 ml. 
of hot water, add 10 ml. 1 : 4 H2SO4 and heat on a steam bath or hot plate until 
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the fatty acids rise in a clear layer. Filter through a wet 9 cm. filter paper, 
collecting the filtrate in a 250 ml. beaker. Wash the fatty acids and filter paper 
with hot water until the total volume in the beaker is about 80 ml. Titrate as 
described above with N/1 NaOH and N/1 H2SO4 until the solution is one drop 
on the acid side of neutral. Titrate with N/lO AgNOa as described above, 

A rapid method is that of Bennett.^* ^ Dissolve 5±.01 grams of the soap 
in 300 ml. of water, boiling if necessary to affect solution. Add an excess of 
chlorine-free magnesium nitrate solution (about 25 ml. of a 20% Mg(N03)2‘- 
6H2O solution). Without cooling or filtering, titrate with N/10 AgNOa as 
described above. 


Unsaponified and Unsaponifiable Matter (A. C. — A. 0. C, S.^) 

The extraction cylinder used is a 250 ml. glass stoppered cylinder about 35 
mm. in diameter and 300 mm. high. The solvent used is petroleum ether which 
should be of the pentane type, containing a minimum amount of iso-pentane, 
iso-hexanc and hexane and conforms to the following specifications.^’ ® 
Distillation Test .* — 

Initial boiling point — not less than 35® C. nor over 40® C. 

Dry flask endpoint — not less than 50® C. nor over GO® C. 

At least 95%, distilling under 55® C. 

Not over 85% distilling under 40° C. 


Specific gravity at 15.5° C. — 0.630 to 0.G75. 

Color — water white. Doctor test — sweet. 

Evaporation residue — not over 0.002% by weight. 

Copper strip corrosion test, A. S. T. M. — D 130-30 — Non-corrosive. 
Unsaturated Compounds — trace only permitted. 


Weigh a 5 ±.01 gram sample into a 250 ml. beaker. Add 100 ml. of 50% 
redistilled ethyl alcohol. Warm and stir to effect solution, keeping the tem- 
perature under 60° C. Filter off any undissolved residue on a Gooch crucible 
with an asbestos or paper pad into an extraction cylinder. Wash 3 times with 
hot 50% alcohol and then with 5 ml. of hot 95% alcohol. Complete the wash- 
ing with a small amount of petroleum ether. 

Make the volume of solution in the cylinder up to the 160 ml. mark with 
redistilled alcohol. Add 50 ml. of petroleum ether. Stopper with a rubber 
stopper which has been soaked in petroleum ether overnight to remove soluble 
matter. Shake vigorously for one minute and allow to settle until both layers 
are clear. The volume of the upper layer should be about 40 ml. Draw off the 
petroleum ether layer as closely as possible by means of a slender glass siphon 
into a 500 ml. pear-shaped separatory funnel containing 25 ml. of 10% alcohol 
containing a few drops of phenolphthalcin. Take sj^ecial care that none of the 
alcohol-soap layer is drawn off. Repeat the extraction at least 6 times, using 


C. Bennett, J. Ind. Eng. Chem., 13, 813 (1921). 

« Rules governing transactions between members of the National Cottonseed Products 
Association, 1937-38, page 133. * r, xr , j 

* Distillation test to l)e made according to A. S. T. M. method DS6-27. 

’ R. C. Griffin, Technical Methods of Analysis, 2d edition, p. 235 (1927). 
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50 ml. of petroleum ether each time. Draw all the extracts into the same 
separatory funnel. When extraction is completed, stopper the separatory 
funnel vigorously for ^ minute to wash the extract. Draw off the alcohol layer 
and swirl the funnel to collect any drops of the washing solution at the bottom. 
Continue washing with two 5 ml. portions of 10% alcohol until the extract is 
free from alkali and soaps as shown by the absence of color in the alcohol layer. 
Transfer the washed extracts to a tared 150 ml. Soxhlet flask and rinse the 
separatory funnel several times with petroleum ether. Evaporate the solvent 
in a gentle current of dry air on the steam bath. Dry in an oven at 105** C. 
for 15 minutes. Cool and weigh. Dissolve the residue in 50 ml. of warm ethyl 
alcohol neutralized to phenolphthalein, titrate to the same color as the original 
neutral alcohol with N/25 sodium hydroxide solution and calculate to oleic acid. 
Deduct this figure from the gross weight of the residue previously found. Any 
blank residue from the petroleum ether must also be deducted from the weight 
of the residue. Report results as “Unsaponified and Unsaponifiable Matter.^' 

Unsaponifiable Matter 

Weigh 5 ±.01 gms. of the sample into a 200 ml. Erlenmeyer flask. Add 30 
ml. of redistilled 95% ethyl alcohol and add 5 ml. of 50% aqueous KOH. Boil 
the mixture one hour under a reflux condenser. Transfer the solution to the 
extraction cylinder and wash the flask with 95% redistilled alcohol to the 40 ml. 
mark. Complete the transfer first with warm and then cold water until the 
total volume is 80 ml. Then wash the flask with a small quantity of petroleum 
ether. Cool the cylinder and contents to room temperature. Add 50 ml. of 
petroleum ether and proceed with the extraction as outlined under “Unsaponi- 
fied and Unsaponifiable.’’ 

Weigh the residue and correct for fatty acids. Report the result as “Un- 
saponifiable Matter.” Deduct the unsaponifiable result from that of the 
unsaponified and unsaponifiable and report the difference as “Unsaponified 
Matter.” 

For soaps containing lanolin, many more extractions for Unsapouified and 
Unsaponifiable will be required for complete removal. For any sample, thor- 
ough and vigorous shaking is necessary in order to bring the two phases into the 
most intimate contact possible. 

Free Alkali or Free Fatty Acid 

The methods outlined will not give absolutely accurate results for free alkali, 
but will give results sufficiently accurate for control or practical soap analyses. 
The accuracy is probably close to ±.01% Na20. 

(a) When ** Builders ” (or Fillers) Are Low in Amount and Are Not De- 
termined. — Weigh a 20 gm. sample (±.05) rapidly and transfer to a 500 ml. 
Erlenmeyer flask containing 100 ml, of hot, neutral 95% alcohol. Cover the 
flask with a watch glass and dissolve the soap as rapidly as possible by heating 
on the steam bath. Add a few drops of phenolphthalein and titrate rapidly 
with N/4 H2SO4 without filtering. Take the first endpoint, disregarding any 
subsequent return of color. Calculate to free NasO (or NaOH) or K2O (or 
KOH) as the character of the soap indicates. If the alcoholic solution is acid 
to phenolphthalein, titrate with N/10 NaOH and calculate the percentage of 
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free fatty acid as oleic acid, or lauric acid if coconut soap. Save the solution 
for determination of carbonates. 

(b) When “ Builders ” Are Determined.®* ^ — Weigh a 10 ±.02 gm. sample 
and dissolve in 200 ml. of hot, neutral 95% alcohol. Filter through a 9 cm. 
filter paper into a 500 ml. Erlenmeyer flask and wash the residue three times 
with hot, neutral 95% alcohol. Protect from CO2 and other acid fumes during 
filtration. If the soap contains borax, or phosphates, it can be washed with 
alcohol indefinitely without removing the apparent alkalinity. Cover the flask 
with a watch glass and heat to incipient boiling. Titrate with N/4 H2SO4 and 
report as “free Na20 (or NaOH) ” or “free K2O (or KOH) ” as the character of 
the soap indicates. If the alcohol is not pink, titrate with N/10 NaOH and 
report “free fatty acid^’ as oleic acid. 

If potassium carbonate is present, the free KOH results will be high due to 
the solubility of K2CO3 in the alcohol. For liquid soaps containing free KOH 
and K2CO3 the following procedure has given satisfactory results: Weigh a 20 
gm. sample of the soap solution into a 500 ml. Erlenmeyer flask. Add 10 gms. 
of neutral dry salt. Mix the salt with the soap thoroughly by shaking. Allow 
to stand 10 minutes covered by a watch glass. Add 20 ml. of hot neutral 95% 
alcohol. Shake thoroughly and place on the steam bath for 10 to 15 minutes, 
shaking occasionally. Filter through a neutral filter paper moistened with 
neutral alcohol into another 500 ml. Erlenmeyer flavsk. Retain most of the 
insoluble in the flask, if possible. Wash with 25 ml. of hot alcohol, pouring 
around the top of the paper so as to wash the paper at the same time. Give 
the paper a slight additional wash with neutral alcohol after the first has drained 
through. Allow to drain. Titrate with N/4 or N/2 acid, and from this 
calculate free K2O, 

Sodium Carbonate 

(a) If No “ Builders ” Are Present. — Add from a burette 10 ml. of N/1 
H2SO4 to the solution in the flask from the free alkalinity titration (a). Add 50 
ml. of distilled water and boil gently for 1 hour, swirling the flask occasionally. 
Remove the flask, add 10 ml N/1 NaOH and titrate with N/4 H2SO4 to the 
colorless endpoint. If this titration is more than 7.5 ml, add another 10 ml 
portion of N/1 H2SO4 and again boil for 1 hour. Add 10 ml. N/1 NaOH and 
again titrate with N /4 II 280 4. Calculate the per cent carbonate from the acid 
titration. 

(b) If “ Builders ” Are Present.— Dissolve the residue upon the filter paper 
from the free alkalinity determination (6) with hot water into the original 
beaker. If no insoluble matter other than insoluble SiOj from the builder is 
present, the filter paper should be punctured and the entire contents of the paper 
washed through . Continii e w'ashing until a few drops of phenol phthalein 
indicator dropped on the filter paper show only a very faint pink color. Cool 
the filtrate and titrate with N/1 H2SO4 using methyl orange indicator. Record 
the titration as the “carbonate titration and in case no silicate is present, 
calculate direct to sodium carbonate. If silicate is present, it should be deter- 
mined as indicated in the ‘"Note” under “Determination of Silica Present as 
Alkaline Silicates.” The above titration must then be corrected for the silica 
present in calculating the carbonate. 
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If potassium carbonate is present, it can best be determined from the CO 2 
determination. 

Determination of Carbon Dioxide (Gravimetric Method for Carbonates) 

For most cases the volumetric methods described above are satisfactory, 
but when the highest accuracy is desired, a reliable absorption method should 
be used. The following method (A. C. S. — A. 0. C. S.^- has proved satis- 
factory. 

A 250 ml. Erlenmeyer flask is placed on a gauze over a burner. The flask is 
equipped with a 2-hole rubber stopper, through one opening of which is a 10-inch 
reflux condenser and through the other a thistle tube equipped at the outer end 
Vrith a 3-way stopcock. The lower end of the thistle tube is drawn to a small 
point, which is placed very close to the bottom of the flask. Then the straight- 
away end of the stopcock is attached to a small funnel for the introduction of acid 
to the flask. The other opening of the stopcock is attached to receive air from 
a purifying train consisting of a wash bottle containing concentrated sulfuric 
acid, and a second at the outer end of the train containing a 50% solution of 
potassium hydroxide. The top of the reflux condenser is attached first to a 
drying wash bottle containing concentrated sulfuric acid, and then to a weighed 
absorbing train consisting of a suitable potash bull) charged with 50% potassium 
hydroxide, and a second containing concentrated sulfuric acid. This train is 
attached to a protective U-tube containing calcium chloride. The U-tube is 
attached to an aspirator. 

Procedure. — Set up the apparatus, leaving out the weighed train, and 
aspirate with a slow stream of the dry carbon dioxide-free air until the apparatus 
is freed of carbon dioxide. Insert the train and continue the aspiration for 
) 4 , hour. Check the weight of the train to determine if the air is passing 
through too fast, or if the system is free from carbon dioxide. The system 
must be free from leaks. Weigh out 1 or 2 gms. of the sample into the Erlen- 
meyer flask, cover with 20 ml. freshly boiled distilled water, close the apparatus 
with the train in place. Add 20 ml, dilute hydrochloric acid (1:1) through the 
funnel very slowly, with no heat being applied to the flask. The rate of adding 
acid should be carefully controlled so that the gas does not pass through the 
train too rapidly. As soon as the acid is added, start aspiration gently. When 
the absorption begins to stop the gas flow, start heating gently and continue 
until the contents of the flask have boiled 15 to 20 minutes. Stop heating and 
continue aspirating until the flask has cooled down. Remove the train and 
weigh. Calculate increase of weight as carbon dioxide. Carbon dioxide 
multiplied by 2.41 equals sodium carbonate. 

All connections should be made glass to glass. Apparatus with ground 
glass joints is available and is preferred. Ascarite-filled absorption bulbs and 
scrubbing tower instead of those using KOH are very satisfactory and con- 
venient. 

Determination of Silica Present as Alkaline Silicates * 

When the material contains no mineral matter that is insoluble in water,* 
ignite a sample of the soap containing not to exceed 0.2 gm, of silicate in a 

* When water-insoluble mineral matter is present, take a portion of the solution after 
titration in (b), “Sodium Carbonate” equivalent to not more than 0.2 gm. silica, add 
5 ml. concentrated HCl and proceed as above. 
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platinum dish at a low temperature. When charred, extract the soluble salts 
with water, return the paper and charred residue to the dish and complete the 
ignition. Unite the residue in the dish and the water extract, carefully acidify 
with hydrochloric acid, finally adding the equivalent of from 5 to 10 ml. con- 
centrated hydrochloric acid in excess. The dish or casserole containing the 
solution should be covered with a watch glass while adding acid so as to avoid 
loss by spray. 

Evaporate the acidified solution (washing off and removing the cover glass 
if used) to dryness on steam bath or hot plate at a temperature not exceeding 
120° C. Cool, moisten with concentrated hydrochloric acid, let stand 5 to 10 
minutes, breaking up all lumps with a stirring rod. Add about 25 ml. of hot 
water. Heat a few minutes and filter through a small ashless paper. Wash 
thoroughly with hot water. 

Evaporate the filtrate to dryness and repeat the above treatment, filtering 
on a second paper* 

Carefully dry the filter papers and residue at 150° C. in a tared platinum 
crucible, ignite at as low a temperature ® as possible until the paper is consumed, 
then raise the temperature and heat to constant weight in a muffle or over a 
blast lamp. Cool in a desiccator and reweigh. If extreme accuracy is de- 
sired, moisten the residue in the crucible with water, add 5 ml. hydrofluoric acid 
and 4 drops of concentrated sulfuric acid, evaporate to dryness, and ignite as 
before for about 2 minutes. Cool in a desiccator and reweigh. The difference 
between this weight and the previous w^eight is the w^eight of Si 02 .® 

To calculate sodium silicate (1 NagO : 3.25 Si02) multiply Si02 by 1.308.^® 

Note, — In case carbonates have been determined as under (/;), the filtrate may be 
used the silicate determination. In that case, add 5 ml. of concentrated hydrochloric 
acid to the solution in the beaker, evaporate to dryness and proceed as above. 


Borax 


Qualitative Test. — A qualitative test may be made by ^vetting a piece of 
turmeric test paper with a few ml. of the SiOs filtrate. If the paper on drying 
in air turns a brick red, a borate or perborate is present. To determine if the 
coloration is due to perborate, dissolve about 2 grams of the original sample 
in about 100 ml. of a 5% potassium iodide solution containing 2 ml. of starch 
solution. Add 10 ml. of 1 : 4 sulfuric acid and stir. A blue solution denotes 
the presence of an oxidizing agent which with a positive turmeric test can be 
assumed as indicating the presence of perborate. 

Quantitative Test. — To determine borate quantitativfdy in case silicates are 
not present, weigh 10±.02 grams of the soap (5±.01 grams if more than 5% 
borax is present), transfer to a 250 ml. beaker and break up the soap with 50 ml, 
of water and 50 ml. of N /1 H 2 SO 4 . H the solution is not distinctly red to 
methyl orange, add N/1 H 2 SO 4 until it is acid. Do not heat longer than 


* The filtrate may be collected in a 250 ml. volumetric flask and used for qualitative 

and quantitative phosphate. . , , , ^ 

* K. A. Krieger and H. S. Dikens, Ind. Eng. Chem,., Anal. Ed., 8, 118 (1936). 

* W. F. Hillcbrand, The Analysis of Silicate and Carbonate Rocks, U. S. Geological 


Survey, Bulletin 700, 102. 

Report of the Soap Analysis 


Committee, A. 0. C. S., Oil and Soap, 12, 10 (1935). 
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necessary. ^ Filter off the fatty acids through a wet paper^ wash well with hot 
water, adding all washings to the filtrate. Neutralize to methyl orange with 
N/1 NaOH and note the reading. Add a few drops of phenolphthalein and 
titrate to the endpoint with N/1 NaOH. 

Add about 1 gram of neutral mannitol and again titrate very slowly. Add 1 
gram more of the mannitol and titrate again and repeat this process until 
manmtol causes no further action on the endpoint. If phosphate and borate 
are both present and no silicate, add 1 gm. of sodium chloride with the mannitol 
before titrating. Calculate the number of milliliters of sodium hydroxide 
added from the methyl orange endpoint to the final endpoint of % Na2B407 
by multiplying by 0.503 or to % Na2B407- lOHaO multiplying by 0.954 for 10 
gm. samples. In case phosphate is present, a correction must be made since 
part of the phosphate is titrated in the borate titration. For a 10 gm. sample 
the following formula is used : 

[“Borate Titration”-(% Na3PO4X0.61)]X0,503 = % Na2B407 

Since silicic acid affects the phenolphthalein and methyl orange endpoints in 
the mannitol titration, it must be removed by the following method. Weigh 
a 5 gm. sample in a tared platinum dish and ignite over a low flame until all 
of the organic matter has been burned off, but do not ash the salts. Cool the 
dish and contents and place it in a beaker. Add about 100 ml. of water and boil 
until the residue is removed from the dish. Wash the contents of the beaker 
into a 500 ml. distillation flask, add 15 ml, of concentrated hydrochloric acid, 
and distill to dryness. Pour the distillate back into the distillation flask and 
repeat. Cool and wash the contents of the flask into the beaker containing the 
distillate. Filter through a quantitative filter paper and wash well. Stir the 
filtrate with a stick of caustic until not quite neutral to methyl orange. Neu- 
tralize with N/1 NaOH and continue titration as above with mannitol. Cor- 
rect calculations for phosphate in the same manner as above. 

Perborates 

Weigh a 1 gm. sample and transfer to a 300 ml. Erlenmeyer flask with cold 
water. Make up to about 80 ml. Acidify immediately with 20 ml. of N/1 
' sulfuric acid and titrate at once with N/10 pota^ium permanganate. One nd. 
of potassium permanganate is equivalent to 0.0008 gms. of oxygen, 0.007694 
gms. of NaB03-4H20, and 0.00409 gms. of NaBOs. 

Phosphates 

A Qualitative Test for Phosphate May Be Made on the Filtrate from the 
SiOp Determination. — If meta- or pyrophosphates are present add about 10 ml. 
of nitric acid and hold at near boiling temperature over night to convert them 
to orthophosphates. To 20 ml. add 2 ml. of concentrated nitric acid and 5 ml. 
of 30% NH4N03 solution, phosphate-free. Heat to boiling and add 20 ml. of 
ammonium molybdate solution. Let the solution stand 20 minutes on the 
steam bath. If a yellow precipitate forms, a phosphate is present. 

Quantitative Determination Pipette an aliquot corresponding to 0.50 
gm. or 1 gm. into a 250 ml. beaker; add ammonium hydroxide in slight excess; 



ANALYSIS OF SOAPS AND SOAP PRODUCTS 2037 


and barely dissolve the precipitate formed with a few drops of nitric acid, stir- 
ring vigorously. Add about 15 gms. of dry ammonium nitrate or a solution 
containing that amount. 

To the hot solution add 70 ml. of the molybdate solution for every decigram 
of phosphoric acid (P 2 O 5 ) present. Digest at about 65° C. for an hour, and 
determine if the phosphoric acid has been completely precipitated by the addi- 
tion of more molybdate solution to the clear supernatant liquid. Filter, and 
wash with cold water or, preferably, 10% ammonium nitrate solution. Dis- 
solve the precipitate on the filter with ammonium hydroxide (1:1) and hot 
water, and wash into a beaker to a bulk of not more than 100 ml. Neutralize 
with hydrochloric acid, using litmus paper or bromthymol blue as an indicator, 
cool, and from a burette add slowly (about 1 drop per second), stirring vigor- 
ously, 15 ml. of magnesia mixture * for each decigram of phosphoric acid (PsOs) 
present. After 15 minutes add 12 ml. of ammonium hydroxide (sp.gr. 0.90), 
Let stand till the supernatant liquid is clear (2 hrs. is usually enough) filter, 
wash the precipitate with dilute ammonium hydroxide (1 : 10) until the wash- 
ings are practically free from chlorides; dry, burn first at a low heat and ignite 
to constant weight, preferably in an electric furnace, at 950°-1000° C.; cool 
in a desiccator, and weigh as Mg 2 p 207 . Calculate and report the result as 
percentage of P 2 O 6 or alkaline phosphate known to be present. 

Sulfates 

Weigh a 50 gm. sample, dissolve in water, break up the soap with 35 ml. of 
concentrated hydrochloric acid and filter off insoluble matter and fatty acids 
through a wet filter paper. Wash the filter well with cold water. If silicate is 
present, remove it by evaporation and filtration as in the silicate determination. 
In either case make up the silicate-free filtrate to 175 ml. with water, add 5 ml. 
of hydrochloric acid and boil. To the boiling solution, add 15 ml. to 20 ml. 
of a 10% barium chloride solution, drop by drop. Continue boiling until the 
precipitate is well formed and keep at a temperature of about 70° C. for one 
hour or until the precipitate settles well. Filter through a prepared Gooch 
crucible, ignite gently, and weigh as barium sulfate. Calculate to sodium sul- 
fate or to sulfate known to be present. 

Total Alcohol Insoluble Matter ® 

Digest hot a 2 to 10 gm. (=t0,01 gm.) sample with 200 ml. of freshly boiled 
ethyl alcohol neutral to phenolphthalein (94% or higher). Filter through a 
counterpoised filter paper neutral to phenolphthalein, or a weighed Gooch 
crucible with suction, protecting the solution during the operation from carbon 
dioxide and other acid fumes. Wash the residue on the paper, or in the crucible, 
with hot neutral alcohol until free from soap. Dry the filter paper, or crucible, 
and residue at 100° to 105° C. for 3 hours, cool, and weigh the total matter 
insoluble in alcohol. (The matter insoluble in alcohol will contain most of the 
alkaline salts, such as carbonates, borates, silicates, phosphates and sulfates, 
as well as starch, and may be used for the approximate determination of these 

* Magnesia mixture— Dissolve 55 gms. of crystallized mamesium chloride (MgCIr- 
6HsO) in water, add 140 gms. of ammonium chloride, 130.5 ml. of ammonium hydroxide 
(sp.gr. 0.90), and dilute to 1 liter. 
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coastituents. These salts are not entirely insoluble in alcohol, so for accurate 
determinations separate portions of the soap should be used.) 

Water Insoluble Matter ^ 

Proceed as in the determination of matter insoluble in alcohol. After 
filtering and thoroughly washing the residue, extract it with water at 60® C. 
and wash the filter thoroughly. (When the matter insoluble in water is all 
inorganic, boiling water may be used for the extraction and washing.) Dry 
the filter and residue at 100® to 105® C. for 3 hrs., cool, and weigh matter 
insoluble in water. The nature of this matter may be determined by further 
examination. 


Glycerine, Starch, and Sugar 

The sample sizes indicated are for ordinary soap. If soaps high in glycerine 
or sugar are analyzed, sample sizes should be reduced and the amount of bi- 
chromate and acid increased. Transparent soaps are frequently high in glycer- 
ine and sugar. 

1. Glycerine when starch and sugar are not present: Weigh a 25 gm. sample, 
transfer to a 400 ml. beaker and dissolve the soap in about 100 ml. of water. 
Add about 25 ml. 1 : 4 sulfuric acid and break up the soap. Do not heat longer 
than necessary. Filter off the fatty acids, collecting the filtrate in a 250 ml. 
volumetric flask. Make up to volume * and pipette 50 ml. into a 250 ml. 
Erlenmeyer flask containing 0.7456 gm. of dry potassium bichromate of highest 
purity (equivalent to 0.1 gm. of glycerin), 10 ml. of water, and 15 ml. concen- 
trated sulfuric acid. Cover the flask with a watch glass and heat in a steam 
bath for 2 hours at a temperature of 93® to 100® C.f Cool, and titrate with 
standardized ferrous ammonium sulfate (about 300 gms. per liter), using potas- 
sium ferricyanide as an outside indicator, or by use of an electrometric titration 
apparatus. The ferrous ammonium sulfate solution must be of such strength 
that 0.7456 gm. of potassium bichromate will be required for complete oxidation 
of the iron in 19.5 — 20.0 ml. of the solution. It should contain 100 ml. of 
sulfuric acid per liter of solution. A blank test must be run exactly the same 
with omission of the sample. 

2 (Blank titration — Sample titration) , , 

= per cent glycerine. 

Blank titration 

Note* — The electrometric titration apparatas (Ind. Eng. Chem., Anal. Ed, 9, 514 
(1937)) is more rapid and in the hands of the average analyst more accurate than the 
outside indicator with the spot plate. The preferred set-up i.s one using platinum and 
tungsten electrodes. By a suitable re.sistance the galvanometer is adjusted to zero. 
At the endpoint the needle is deflected to the end of the scale. A glass stirrer directly 
connected to a suitable motor is used. By u.sc of a wide-mouthed Erlenmeyer for 
oxidation flask, there is ample room for the electrodes, stirrer, and burette tip which is, 
usually, extended and bent to allow the burette to be several inches to one side of the 
motor. A calomel half-cell may be used instead of the tungsten electrode with the use 
of N/1 Kd solution. 

* If appreciable amounts of salt or soluble fatty acids are present, they may be pre- 
cipitated by addition of 0.25 gm* of silver sulfate at this point. Shake well, let settle and 
filter a 50 ml. portion for analysis. 

t If the solution turns blue during oxidation, or if the back titration is less than 4 ml., 
1.4912 gms. of potassium bichromate must be used or a smaller sample taken. 
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2. Glycerin in presence of starch but no sugar 3, n Weigh a 25 gm. sample, 
dissolve in 100 ml. of warm water (not above 70° C.), filter off the water-insolu- 
ble matter, and wash the residue twice with warm water (not above 70° C.). 
Add 25 ml. of 1 : 4 sulfuric acid to the filtrate to break up the soap. Filter off 
the fatty acids and wash thoroughly, catching the filtrate in a 250 ml. volu- 
metric flask. Determine the amount of glycerine by the method above. Make 
to volume and pipette 50 ml. into the Erlenmeyer. 

3. Determination of sugar (Munson and Walker Method) Proceed as 
for glycerin above, filtering off any starch or insoluble matter, but using hydro- 
chloric acid (1 : 1) to break up the soap and boiling to invert the sugars. 
Transfer to a 250 ml. volumetric flask, neutralize to litmus with NaOH, and 
make to volume. Transfer 25 ml. each of copper sulfate and alkaline tartrate 
Fehling^s solutions to a 400 ml. beaker and add an accurately measured 50 ml. 
aliquot of the invert sugar solution. Heat so that boiling begins in four min- 
utes, and continue boiling for exactly two minutes. Keep the beaker covered 
during boiling. Filter the cuprous oxide at once in a prepared Gooch crucible 
and wash thoroughly with hot water (about 60° C.), and finally with 10 ml. of 
alcohol and 10 ml. of ether. Dry for 30 minutes at 105° C., cool and reweigh. 
Refer to Table 9, Chapter XLII, Methods of Analysis, A. 0. A. C. (1935) to 
determine the amount of invert sugar equivalent to the weight of cuprous oxide. 
The weight of invert sugar multiplied by 0.95 equals the weight of sucrose. 

4. Determination of glycerine in presence of sugar: If starch is present, it 
must be filtered off as directed in (2) ; then proceed as directed in (1), except boil 
the solution when acid 20-30 minutes to secure complete inversion and to re- 
move alcohol, increase the bichromate to 2 to 3 times the amount specified 
and the II2SO4 to 25 ml. Determine the w^eight of invert sugar as directed in 
(3). The oxidation of sugar is taken care of by calculating the glycerin by the 
following formula for 25 gm. sample made to 250 ml. and 50 ml. aliquot. 

2n (Blank titration — Sample titration) , 

Tz: — r— rr — T 17.51 W = per cent glycerine 

Blank titration 

when IF is the weight of invert sugar in an aliquot equal to a 5 gm. sample, and 
n is equal to number of times 0.7456 gms. of bichromate is used. 

5. Determination of starch (A. C. S.— A. 0. C. S.) : ^ Separate the water- . 

insoluble matter as directed in (2) using a Aveight of sample that will give less 
than 3 gms. of starch. Transfer the insoluble matter, without drying, to a 600 
ml. Erlenmeyer flask with hot water. Make up to 150 ml. and add 20 ml. of 
concentrated hydrochloric acid. Boil for 2}^ hours under a reflux condenser, 
nearly neutralize with sodium hydroxide, and cool. Transfer to a 250 ml. 
volumetric flask, make up to volume and determine reducing sugars as directed 
in (3). Refer to the amount of dextrose equivalent to the weight of cuprous 
oxide. This weight multiplied by 0.90 equals the weight of starch. 

F. Hoyt and H. V. Pemberton, J. Ind. Eng. Chem. 14, 54 (1922); correction, 
14, 340 (1922). 

tL. S. Munson and P. H. Walker, J. Am. Chem. Soc., 28, 663 (1906). P. H. 
Walker, 29, 541 (1907). Official and Tentative Methods of Analysis of the A. 0. A. C., 
1935, 479, 626. 
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Volatile Hydrocarbons *■ ^ 

This method requires a source of dry, oil-free steam which is passed through 
the sample treated with acid, sufficient to liberate the fatty acids from the soap. 
The steam is next passed through strong caustic solution to scrub out any 
volatile fatty acids while the volatile hydrocarbons are condensed with the 
steam in a suitable arrangement which allows the excess water to flow away, 
leaving the volatile hydrocarbon in the measuring burette. The method may 
be applied to samples containing substances immiscible with water and volatile 
with steam. For solvents heavier than water a Bidwell-Sterling tube should be 
used. 



Fia. 287 


Apparatus. — The apparatus and its arrangement are shown in the sketch. 
The following are the important items, lettered to correspond to the lettering of 
the sketch (Fig. 287). 

“ Determination of Volatile Hydrocarbons in Soaps, Oil and Soap, 13, 9 (1936). 

“ Report of Soap Aualypie Committee A. 0, C. S., 1935, Oil and Soap, 13, 7 (1936). 
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Steam Trap, A, a liter round-bottom ring-neck flask equipped with a siphon 
tube to the drain from the bottom of the flask and provided with a means of 
regulating the steam flow into the flask. 

Evolution or sample flask, a liter round-bottom ring-neck flask. In case 
large samples are desirable the size of this flask may be increased. 

Caustic scrubber flask, Z), a steam jacketed metal flask is preferred, but a 
liter Florence flask provided with a steam coil of 34^ copper tubing around the 
upper half may be used. If the glass flask is used it should be provided with a 
safety bucket below it and should be renewed frequently since the strong caustic 
dissolves the glass rather rapidly. This flask should be connected to the con- 
denser by a Kjeldahl connecting tube, E, or similar safety device. 

The inlet tubes for the steam into the evolution and scrubber flasks should 
extend nearly to the bottom of the flasks and be bent at right angles and parallel 
to the sides of the flask. 

Condenser, F, a 12" or longer spiral condenser of sufficient bore so the 
condensate will not readily close it. 

Measuring burette, H, a 10 ml. burette calibrated to 0.1 ml. and carrying a 
bulb, /, approximately 100 ml. capacity, at the low^er end. 

The stoppers used should be of a good grade of rubber and should have been 
thoroughly cleaned free from any surface sulfur and should be given a steam 
distillation in position for several hours before use on a sample. 

Insulating the flasks and tubing to reduce condensation aids distillation and 
its control. 

Determination. — Place 150 ml. NaOH solution (about 46° B4) and several 
sticks of solid NaOH, to provide against dilution, in the scrubber flask. Rinse 
out the condenser and burette with acetone. Attach a rubber tubing to the 
lower end of the burette, fill the burette and tubing with water and raise the 
outer end of the tubing so that the water level in the burette is near the top of 
the scale when the water is flowing to the drain from the automatic overflow, J . 
Be sure the connections are tight and that the tubing contains no air bubbles. 
Place the condenser in position so the lower end extends directly into the upper 
end of the burette just above the water level or connect to an adapter siphon, 
G, whicl^ discharges into the burette. The cooling water should he 15.5° C. or 
colder. Ice water may be desirable for low boiling hydrocarbons. 

Weigh 100 ±0.5 gms. of the soap (cut into cubes of about 1 cm. edges) or 
60±0.3 gms. of soap powder and transfer to the evolution flask. Add about 
10 gms. of gum arable (commercial) and 100 ml, of distilled water. Place the 
flask in position with 100 ml. of 1 : 3 H2SO4 in a dropping funnel, C, carried in 
the stopper. Connect the steam evolution, and wash flasks and condenser into 
position, making sure that the stoppers are tight-fitting and held in place by 
wiring. Rubber connections in the lines between the evolution flask and 
condenser should be avoided. 

Add the acid to the sample slowly to avoid excessive frothing. While 
adding the acid, turn on the steam cautiously so adjusting the pressure by a 
bleeder valve that just enough steam flows to prevent any liquid backing into 

the steam trap flask. ^ i 

When all the acid has been added, turn on enough steam to cause bnsK 
distillation, taking care that no liquid is carried over from the evolution and 
wash flasks and that the condenser water does not become warm. 
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Continue the distillation until there is no increase in the volume of the upper 
layer for 45 minutes or no small droplets can be noted in the condensate. 

When distillation is completed, shut off and drain condenser water and allow 
the steam to heat up the condenser to drive out the last traces of volatile hydro- 
carbon. Shut off the steam as soon as vapor begins to issue from the lower end 
of the condenser. Immediately open the stopcock of the dropping funnel to 
prevent caustic being drawn into the evolution flask. 

Stopper the burette and allow^ its contents to come to room temperature or 
bring them to a definite temperature by placing the biirette in a water bath held 
at 25° C. for one to two hours. 

Read the volume of the upper layer to the nearest .01 ml. The volume times 
the specific gravity equals the weight of the volatile hydrocarbon. The specific 
gravity should be determined at the temperature at which the volume is read. 
A small Sprengcl tube made of 3 mm. glass tubing is convenient for this purpose. 

Calculation. — 

ml. of volatile hydrocarbon X specific gravity X 100 
Weight of sample 

= pcr cent volatile hydrocarbon. 

For some samples the volatile hydrocarbon content may be so low that a larger 
sample than 50 or 100 gms. is desirable. Tlie size of the evolution flask may 
need to be increased if larger samples are used. The amount of water in the 
evolution flask and acid used should also be correspondingly increased. 

Titer Test 

1. Preparation of Total Fatty Matter (Fatty and Rosin Acids and TJn- 
saponifiable Matter. — Dissolve 200 gms. of soap * in 200 ml. of water in a liter 
Erlenmeyer flask, add 20 ml. of 1:3 sulfuric acid and heat until the fatty 
matter collects in a clear layer. 

The flask should he covered with a watch glass. Much time is saved by 
placing the sample in a liter beaker and using a motor-driven stirrer to keep 
constant agitation. Siphon off the acid water layer and decant the fatty matter 
through a dry filter paper into tall form, lipless 180 ml. beaker. If droplets of 
water can be seen, refilter the fatty acids through a dry filter paper. 

2. Determination. — A standard titer thermometer graduated at zero 
and in tenths degrees from 10° to 65° C. is used or in ,20 from — 2° C. to 66° C. 
It should be certified by the United States Bureau of Standards, or carefully 
standardized against a certified thermometer. Special thermometers (gradu- 
ated in tenths degree Centigrade) in 20° C. ranges from 0°-80° C. may be used. 

After the fatty acids are dry, cool carefully by immersing in and out of water 
at about 17° C. until a cloud begins to form, stirring continuously with the 
thermometer (about 150 r.p.m.) so that no crust forms on the sides or bottom 

•The fatty matter obtained is also used for the iodine value, saponification value, 
and may be used for rosin determinations. If the soap contains siiperfat, it must be 
saponified wth glycerol-potash as in the titer determination for fats.^® 

Official and Tentative Methods of Analysis of the Association of Official Agricul- 
tural Chemists, 4th edition, 1935, 408. 

J. Ind. Eng. Chem., 18 , 1349 (1926). 
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of the beaker. Care must be taken not to cool too rapidly or low results will 
be obtained. Hold the beaker in the air and continue stirring more slowly 
(about 100 r.p.m.) until the mercury remains stationary for 30 seconds or 
begins to rise within that time. Wipe the Outside of the beaker dry and care- 
fully place the beaker and contents in a suitable container (air-jacket) sub- 
merged in water, or in ice, salt, water mixtures when necessary, maintained at a 
temperature of 10° C. below the titer. For titers above 30° C. the temperature 
should be 20 C, Allow the thermometer to hang without any disturbance 
with the bulb in the center of the fatty acids and follow the thermometer 
readings. Record the highest point to which the mercury rises as the titer of 
the fatty acids. 

When not enough soap or fatty matter is available, the official method of the 
A. C. A. 0. C. S.3 should be used. This method, wliich differs slightly in 
details and requires less fatty acids, may also be used on the fatty acids ob- 
tained in the above procedure. 


Iodine Value 

The iodine value is determined on the fatty matter obtained in the above 
procedure for titer test by the Wijs’ method. If rosin is present this method 
cannot be used.* The solutions required are Wijs’ iodine monochloride solu- 
tion/^- standard N/10 sodium thiosulfate, 5% potassium iodide solution, 
U. S. P. chloroform, and starch indicator. Weigh exactly a sample of such size 
that at least 100% to 150% of the amount of iodine absorbed remains in excess, 
on a watch glass and transfer to a clean, dry 500 ml. glass-stoppered bottle, 
washing the watch glass thoroughly with 20-30 ml. of chloroform. Add 25 ml. 
of iodine monochloride and at the same time prepare a blank with the same 
amount of chloroform and iodine mono chloride. Mix the contents gently and 
immediately put the bottles in a dark place at a temperature of 75°-90° F. for 
exactly 30 minutes. Add 20 ml. of 5% potassium iodide to the sample and 
blank followed at once by 100 ml. of water. Titrate with N/10 sodium thio- 
sulfate, using starcli solution as an indicator. Do not add starch until the 
solution has a pale straw yellow color. Toward the end of the reaction stopper 
the bottle and shake violently. The number of cubic centimeters of standard 
thiosulfate solution used for the blank minus the amount used for the sample, 
gives the thiosulfate equivalent of the iodine absorbed by the amount of sample 
used in the determination. Calculate to per cent iodine absorbed. Mechan- 
ical agitation using a small variable-speed motor attached to a glass stirrer is 
an advantage. It is necessary to use a wide mouthed glass-stoppered bottle. 

Saponification Value 

Weigh exactly a 5 gm. sample of the fatty matter obtained in the titer deter- 
mination and wash into a 300 ml. Erlenmeyer flask with hot, neutral, redistilled 

* In case the iodine value must be obtained on samples containing rosin, a 0.1 gm. 
sample is dissolved in 20 ml. of glacial acetic acid and 20 ml. chloroform in the glass- 
atoppered bottle. Immoi-se the bottle in water at a temperature of 21.5°-22.6® C. for 
30 minutes. Add the Wijs^ solution as above and maintain the temperature at 21.5“’- 
22.5° C. for one hour. Other operations are the same as above. 

P. C. Mcllhiney, J. Am, Chem. Soc., 29, 1222 (1907). 
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95% alcohol and add 50 ml. of an approximately 0.7/N alcoholic-potash solu- 
tion. Prepare a blank in the same manner, omitting the sample. Insert a 
funnel in the neck of the flask and saponify for exactly one hour, swirling the 
contents occasionally. Cool quickly and titrate at once with N/2 hydrochloric 
acid, using phenolphthalein indicator. Calculate the milligrams of potassium 
hydroxide required to saponify one gm. of fat by multiplying the difference 
between the blank and sample titrations by 5.61 and report as saponification 
value. 


Acid Value 

Weigh a 2 gra. sample of the fatty matter obtained in the titer determination 
and transfer to a 300 ml. Erlenmeyer flask with 50 ml, of hot, neutral 95% 
alcohol. Titrate with N/1 alkali, using phenolphthalein indicator. Calculate 
the milligrams of potassium hydroxide per gm. of fat by multiplying the ml. of 
N/1 alkali used by 28 and report as acid value. 

Rosin in Fatty Acids (A. C. S.® — A. O. C. 

Wolff*s Method, Modified — Preparation of Fatty and Rosin Acids. — Dissolve 
5 gm.iO.Ol gm. of the sample in 100 to 200 ml. of hot distilled w^ater in a 250 
ml. beaker, add a slight excess of dilute sulfuric acid (1 : 1), heat on the steam 
bath until the fatty acids collect in a clear layer, cool to room temperature, 
transfer to a separatory funnel, washing the beaker free from fatty and rosin 
acids with small portions of ethyl ether, adding the ether washings to the separa- 
tory funnel. Add about 50 ml. of ethyl ether to the separatory funnel which is 
then given a whirling movement to dissolve the fatty and rosin acids. After 
the solid acids are dissolved in the ether, allow the aqueous solution to stand 
for at least five minutes. Draw off the aqueous portion into another separatory 
funnel designated as No. 2, add about 30 ml. of ethyl ether to funnel No. 2, 
shake vigorously, allow to stand for at least five minutes and then draw off the 
aqueous portion into another separatory funnel designated as No. 3. Transfer 
the ether extract to separatory funnel No. 1. Wash the aqueous liquid three 
more times, using for each washing about 30 ml. of ethyl ether. Then discard 
the-aqueous liquid and add the ether washings to funnel No. 1. Now add about 
50 ml. of distilled water to the collective ether extract in funnel designated as 
No. 1, shake vigorously and allow to stand for five minutes. Draw off the 
aqueous solution into another separatory funnel. Repeat this operation, com- 
bining the water washings until the ether is free from acid, using methyl orange 
as indicator. Add 50 ml. of ethyl ether to the water washings, shake the 
separatory funnel vigorously and allow to stand for at least five minutes. 
Draw off and discard the aqueous solution and wash the ether layer with small 
portions of distilled water until free from acid, using methyl orange as indicator. 
Transfer the total ether extract to a 250 ml. Erlenmeyer flask, evaporate off the 
ether slowly on a steam bath and dry one hour in an oven at 105® C., cool and 
dissolve in 20 ml. of absolute alcohol. 

First Esterification. — Add 10 ml. of a solution of one volume of concentrated 
sulfuric acid (sp.gr. 1.84) and four volumes of absolute ethyl alcohol, bring to 

i' Chemical ztg., 38, 369, 382, 430 (1914); C. A., 8 , 2495 (1914). 
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boil on the steam bath and boil exactly four minutes under a reflux condenser. 
Remove from the steam bath, add to the liquid about five times its volume of 7 
to 10% sodium chloride solution. Transfer to a separatory funnel, washing 
the Erlenmeyer flask with small portions of ethyl ether, the ether washing being 
added to the aqueous solution in the separatory funnel. Add about 30 ml. 
of ethyl ether to the separatory funnel, shake vigorously, and allow to stand 
for at least five minutes. Draw off the aqueous solution into another separa- 
tory funnel designated as No. 2, Add about 30 ml, of ether to funnel No. 2, 
shake vigorously, allow to stand for at least five minutes and then draw off 
the aqueous layer into another separatory funnel designated as No. 3, Repeat 
the extraction of the aqueous solution three more times. Then discard the 
aqueous liquid and add the combined ether solutions to separatory funnel No, 1. 
Add 50 ml. of sodium chloride solution (7-10%) to the ether extract in funnel 
No. 1, shake vigorously and allow to stand for at least 5 minutes. 

Draw off the aqueous solution into another separatory funnel. Repeat this 
operation until the washings are neutral to methyl orange, all salt water wash- 
ings being combined. Add 50 ml. of ether to the washings in the separatory 
funnel. Shake the funnel vigorously, allow to stand for at least five minutes 
and then draw off and discard the aqueous salt solution. Add 50 ml. of sodium 
chloride solution and wash the ether layer until the aqueous salt solution is 
neutral to methyl orange. Dry the ether extract by the addition of about 3 
gm. of anhydrous sodium sulfate to the separatory funnel, filter into a 250 ml. 
Erlenmeyer flask and evaporate off the ether slowly on the steam bath to 
dryness. 

Second Esterification. — Cool and dissolve the residue in 20 ml. of absolute 
ethyl alcohol and then proceed as above under “First Esterification.” Add 
30 ml. of neutral alcohol (94% or higher) and titrate rosin or rosin soap as 
desired, using phenolphthalein as indicator. (1 ml. N/2 alkali = 0.173 gm. 
rosin or 0.188 gm. rosin soda soap.) If the true fatty acid soap is desired, sub- 
tract the rosin soap from the total anhydrous soap (real soap) obtained under 
total fatty acid determination. 

The above method gives somewhat high results ou all low percentages of 
rosin. On the higher percentages, it is approximately correct. In all cases 
where the rosin content is found to be less than 5%, the actual presence or 
absence of rosin should be checked qualitatively by the Lieberman-Storch test, 
which is as follows: 

One to 2 ml. of the sample of fatty acids are shaken in a test tube with 5 to 
10 ml. acetic anhydride, reagent grade, with gentle warming on a steam bath. 
After cooling, pour 1 to 2 ml. in a white porcelain dish and allow a drop or two 
of sulfuric acid (sp.gr. 1.53) to run down the side of the vessel.^ If rosin is 
present, a fugitive violet coloration changing to a brownish tinge is immediately 
produced at the margin of contact of the reagents. The test should be checked 
with a sample of fatty acids to which a small amount of rosin has been added. 

(Sulfuric acid of 1.53 sp.gr. is prepared by diluting 34.7 ml, of concentrated 
sulfuric acid (sp.gr. 1.84), reagent grade, with 35.7 ml, of distilled water.) 
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Probably at no other time has the importance of a water supply, either for 
domestic or industrial purposes, been so great, as in these early years of the 
twentieth century. The increasing realization of the effect of contaminating 
materials, both organic and inorganic, on a municipal or private drinking supply 
— and history's record of the devastating nature of epidemics due to water- 
borne disease organisms, have led to the careful investigation of water for its 
sanitary value and the development of materials and equipment to fight and 
eliminate such contamination, and have increased many hundreds of per cent 
the factor of safety to the public health. In like manner, and even to a greater 
extent, has the value of water for industrial uses been a matter for careful 
consideration. It is hard for the public to realise the immense quantities of 
water used for industrial purposes, not only for the development of steam and 
electric power, but also for purposes of manufacture. 

From the standpoint of power development we are familiar with the heat 
losses and the increased operating expenses due to scale formation in the steam 
or locomotive boiler, and also to the continued rapid decrease in value of boiler 
property, or of power plant property, due to corrosion or rusting. Another 
element of trouble which is noticed not so much in stationary, boiler practice as 
in locomotive boiler practice, is the element of foaming and priming of a water, 
which results in much more rapidly putting the steam raiser out of active service 
than either of the other types of trouble. 

From the standpoint of plant deterioration due to rusting and corrosion one 
has only to look to the great mass of works on the corrosion of iron and steel 
which are largely results of the growing need for some information as to the 
cause and possible prevention of this particular phase of trouble. 

In the world of industry the action of a hard water upon soap consumption 
hag been known for centuries, and for a considerable period of time the value of 
a water was determined largely by the amount of soap that it would consume 
and render insoluble. This same hardness has a noticeable effect in the textile 
industry, in bleaching and dyeing, in the canning industry, especially when the 
water supply contains such substances in large quantities. In the photographic 
industry the presence of chlorides in water and certain alkalies is a source of 
considerable trouble, and in every case, before any intelligent effort can be made 
to overcome these troubles, a complete analysis of the water is necessary. 

It shall be our purpose in the methods which follow to give, where it is pos- 
sible, first a system of analysis whereby a complete analysis can be made, and to 
follow this up with optional methods which, individually, are equally as good 
as those occurring in the system of analysis, and in some cases more satisfactory 
where the laboratory has the required equipment, adding any special methods 
which may be found available. 

Chapter by D. K. French. 
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SANITARY ANALYSIS 

A sanitary analysis consists in the physical examination covering turbidity, 
color, odor and occasionally taste, the chemical analysis for total residue, loss 
on ignition and fixed solids, noting, where possible, the odor during ignition 
and also noting the appearance as regards color of the residue both before and 
after ignition, the determination of free and albuminoid ammonia, nitrogen 
as nitrite and nitrate, chlorine as chloride and oxygen consumed. Organic 
nitrogen is frequently determined upon polluted waters. 

In sanitary analysis the principal determinations relate to the various forms 
and compounds in which nitrogen appears. 

Organic Nitrogen. — The initial form can be determined as such, or as is 
usually the case in all but highly polluted supplies, as albuminoid ammonia 
which gives a very close approximate. By decomposition the organic matter 
first gives nitrogen as free ammonia, then, by oxidation, nitrogen as nitrites, 
and finally the more stable form of nitrogen as nitrates is reached. Conversely 
the reactions are frequently reversed through the influence of bacteria and 
microscopic organisms. 

Chlorine is determined and by its excess over the normal chlorine of a general 
district may indicate previous sewage contamination. 

Oxygen Consumed, or oxygen required,” means the amount which carbo- 
naceous organic compounds present consume in the presence of potassium 
permanganate and acid. From these figures additional evidence is obtained as 
to the sanitary character of a water, though many phases of interference can 
occur. 


PHYSICAL TESTS 

For the physical examination, standards for turbidity and color have been 
adopted. 

Turbidity. — Turbidity standards are based on parts per million of silica 
(Si02) suspended in water, and the adopted standard is that of the United States 
Geological Survey (A. P. H. A,, p. 7). A water with a turbidity of KX) is one 
which has 100 p.p.m. of silica (Si 02 ) in such a state of fineness that a bright 
platinum wire 1 mm. in diameter can just be seen when center of said wire is 
100 mm, below the surface of the water and the observer is 1.2 meters above 
the wire. The observation must be in open air, not in sunlight, and in the 
middle of the day. Standards are prepared with precipitated fuller's earth (to 
pass 200-mesh sieve). One gram to one liter of distilled water makes a stock 
solution with 1000 turbidity. ‘ Standards for comparison are obtained by 
dilution. 

The Il’inois Water Supply Association outlines another method (Proc. 
I. W. S. A , 1914, pp. 49-51), whereby a suspension is prepared by shaking silica 
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(Si02) or fuller^s earth (ground to pass a 200-mesh sieve), settling for ten hours, 
and determining by evaporating and weighing the amount of silica (Si02) in a 
given portion. Standards are then prepared by dilution. 

Color. — All suspended matter should be removed by filtration. The stand- 
ard designated as color 500 is obtained as follows: 

1.246 grams potassium platinic chloride (PtCl42KCl) ^ containing 0.5 gram of 
platinum and 1 gram of crystallized cobalt chloride (C0CI26H2O) containing 
0.25 gram cobalt (Co), are dissolved in water with 100 ml. hydrochloric acid and 
made to one liter with distilled water. This solution is diluted with distilled 
water for comparative purposes, but a water with a color greater than 70 should 
be diluted prior to comparison. The standards for observation should be in 
100-ml. Nessler tubes with the mark 20-25 cm. above the bottom and should 
be viewed vertically downwards to a white reflective surface. 

Standard glass disks are used by the United States Geological Survey ® in 
place of the above standard. 

Odor. — Observations should be made both on cold and hot samples. Note 
should be made immediately on opening containers as some odors are very 
transient and rapidly disappear. 

Cold. — Shake sample violently in collecting bottle, same to be about half 
full. Remove glass stopper and smell at neck of bottle. 

Hot — Use either open beaker, 400 ml., containing 150 ml. sample well 
covered and heated nearly to boiling, or sealed gla.ss stoppered bottle or saponi- 
fication flask, heating fifteen minutes just under boiling. Allow to cool slightly, 
remove stopper, shake and smell. Designate odor as aromatic, grassy, earthy, 
musty, fishy, putrid, disagreeable, peaty, sweetish, etc. The following table 
expressing intensity of odor is copied from the American Public Health Asso- 
ciation Standard Methods, 1913, p. 12: 


Numerical 

Value. 

Term. 

Approximate Definition. 

0 

None. 

No odor perceptible. 

1 

Very Faint. 

An odor that would not be detected ordinarily by the average 
consumer, but that could be detected in the laboratory by 
an experienced observer. 

2 

Faint. 

An odor that the consumer might detect if his attention were 
called to it, but that would not attract attention otherwise. 

3 

Distinct. 

An odor that would be detected readily and that might cause 
the water to be regarded with disfavor. 

4 

Decided. 

An odor that would force itself upon the atte.ition, that might 
make the water unpalatable. 

5 

Very Strong. 

An odor of such intensity that the water would be absolutely 
unfit to drink. A term to be used only in extreme cases. 


* Care should be taken that this be the bright yellow platinic salt, and not con- 
taminated with the reddish platinous salt. 

* App. made by Builders’ Iron Foundry, Providence, R. 1. 




WATER ANALYSIS 


2049 


Taste. — May be made on hot and cold samples. A simple statement fol- 
lowing largely the terms applied to odor in expressing results, brackish, as- 
tringent, salty, sweetish, etc. 


CHEMICAL TESTS 
Free Ammonia 

Apparatus. — The apparatus for this determination should be as far as pos- 
sible free from joints or connections that are subject in any way to outside 
contamination or to decomposition. The apparatus is composed of a distilla- 
tion flask and a condenser, with possibly a safety tube located somewhere near 
the flask to avoid the possible carrying over of impurities in connection with the 
steam. 

Reagents: 1. Ammonia’free Water, 

2. Standard Ammonium Chloride Solution. — Dissolve 3.82 grams of ammo- 
nium chloride in 1 liter of distilled water. Dilute 10 ml. of this to 1 liter with 
ammonia-free water. 1 ml, = 0.00001 gram of nitrogen. 

3. Nesslefs Solution, — Dissolve 50 grams of potassium iodide in the smallest 
possible quantity of cold water. Add a saturated solution of mercuric chloride 
until a faint show of excess is indicated. Add 400 ml. of 50% solution of potas- 
sium hydroxide. After same has clarified by sedimentation, make up to 1 liter 
with water, allow to settle and decant. 

Optional Method. — Dissolve 61.75 grams of potassium iodide in 250 ml. of 
redistilled water, and add a cold solution of mercuric chloride which has been 
saturated by boiling with excess of salt. Pour in the mercury solution cau- 
tiously, and add an amount just sufficient to make the color a permanent bright 
red. With a little practice the exact depth of color can be easily duplicated. 
It will take a little over 400 ml. of the mercuric chloride solution to reach this 
end-point. Dissolve the red precipitate by adding exactly .75 gram of potas- 
sium iodide. Then add 150 grams of potassium hydroxide dissolved in 250 ml. 
of water. Make up to 1 liter. Mix thoroughly and allow the precipitate 
formed to settle. Pour off the supernatant liquid. Mercuric chloride increases 
the sensitiveness and potassium iodide decreases it. 

Operation. — Clean apparatus thoroughly as follows: 

Fill a flask, which for most satisfactory results should be an 800-ml. Kjeldahl 
flask, with 500 ml. of distilled water. Add a pinch of c.p. sodium carbonate and 
distill first of all with no running water in the condenser jacket until free steam 
blows through the apparatus. Then turn on condenser water and distill off 
approximately 250 ml., testing the last 50 ml. with Nessler’s solution, and this 
portion should not show color in fifteen minutes' time. The flask is then emp- 
tied of the remaining water, 500 ml. of the water to be analyzed placed therein, 
and if acid, neutralized y^ith c.p. sodium carbonate. A slight excess hurries the 
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ammonia liberation but also tends to cause bumping. The distillation is then 
started, distilling 6 ml. to 10 ml. per minute, and three separate portions of 50 
ml. each are caught in Nessler jars. After 150 ml. is distilled the flame should 
be removed. To each 50- ml. portion add 2 ml. Nessler's solution and after ten 
minutes’ standing compare with standards from the standard ammonium chlo- 
ride solution. 



Albuminoid Ammonia 

Reagent: 1. Alkaline Potassium Permanganate . — Dissolve 200 grams of 
potassium hydroxide and 8 grams c.p. potassium permanganate in 1250 ml. of 
water, boil down to 1 liter and bottle while still warm. 
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Operation. — Add 50 ml. alkaline potassium permanganate solution and 
several pieces of washed and ignited pumice to the water remaining in the flask 
from the free ammonia determination and continue the distillation, taking off 
four or five separate portions of 50 ml. each in Nessler jars. Add 2 ml. Ness- 
ler’s solution to each and after ten minutes' standing compare color with stand- 
ard as in the free ammonia determination. 

Organic Nitrogen 

While this determination is not usually made we give it for the sake of 
completeness. 

The portion of sample from the free ammonia determination, or a new por- 
tion freed from free ammonia by distillation, is acidified with 5 ml. c.p. sulfuric 
acid (nitrogen-free) and digested in a hood until colorless and H2SO4 fumes are 
given off. A little ignited pumice will guard against bumping. * Cool, dilute 
with ammonia-free water, neutralize with 10% NagCOs solution (NH 3 free), 
distill into Nessler tubes and compare as for free and albuminoid ammonia. 

Permanent standards * can be made by using potassium platinic chloride, 
2 grams dissolved in water, 100 ml. cone, hydrochloric acid and made to 1 liter; 
and cobalt solution, 12 grams cobaltous chloride (CoCL-fiHzO) dissolved in 
distilled water, 100 ml. cone, hydrochloric acid added and made to 1 liter. The 
following table represents the amounts used, to be made to 50 ml. with distilled 
water in Nessler tubes for comparison, the i50-ml. mark being 20-25 cm. above 
the bottom, but should be checked against Nesslerized standards and the Nessler 
solution modified, if necessary, until the standards agree. This is accomplished 
by varying the amounts of potassium iodide and mercuric chloride. 


Equivalent Volume 
of Standard 
Ammonium Chloride, 
ml. 

Platinum Solution, 
ml. 

Cobalt Solution, 
ml. 

0.0 

1.2 

0.0 

0.1 

1.8 

0.0 

0.2 

2.8 

0.0 

0.4 

4,7 

0.1 

0.7 

5.9 

0.2 

1.0 

7.7 

0.5 

1.4 

9.9 

1.1 

1.7 

11.4 

1.7 

2.0 

12.7 

2.2 

2.5 

15.0 

3,3 

3.0 1 

17.3 

4.5 

3.5 

19.0 

5,7 

4.0 

19.7 

7.1 

4.5 

19.9 

8.7 

5.0 

20.0 

10.4 

6.0 

20,0 

15.0 

7.0 

20.0 

22.0 


• KMn 04 is sometimes used at this point, but as it may cause loss of N, the practice 
,ot advisable. 

* Permanent Standards (Jackson, Tech. Quart., 13, 320 (1900)). 
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Nitrogen as Nitrite 

Reagent: 1. Sulfanitic Acid, — Dissolve 8 grams of the acid in 1 liter of acetic 
acid, specific gravity 1.04. This is practically a saturated solution and keeps 
well. 

2. Naphthylamine Acetate, — Dissolve 5 grams of a-naphthylamine in 1 liter 
of acetic acid, specific gravity 1,04, and filter through absorbent cotton (pre- 
viously washed). 

Note. — A slightly pink color resulting on standing does not materially interfere 
with the use of this solution. 

3. Sodium Nitrile Solution, — Dissolve 1.1 grams of silver nitrite in nitrite- 
free water. Precipitate the silver with sodium or potassium chloride solution 
and dilute to 1 liter. Dilute 100 ml. of this solution to 1 liter alld then 10 ml. of 
this second solution to 1 liter with sterilized nitrite-free water, adding 1 ml. of 
chloroform and holding in a sterilized bottle. 1 ml, = 0.0001 milligram of 
nitrogen. 

Operation. — Take 100 ml. of the water after filtration and clarification, 
preferably with aluminum hydroxide, to remove possible suspended iron and 
material which might interfere with color production. Add 2 ml. each of 
solutions No. 1 and No. 2. After ten minutes' standing compare with standards 
made up from the standard sodium nitrite solution (No. 3). 

Perman-ent Standards 

Cohalt Solution, — Dissolve 24 grams of cobaltous chloride (CoCL -61120) in 
distilled water, add 100 ml. of cone, hydrochloric acid and make up to one liter 
with distilled water. 

Copper Solution. — Dissolve 12 grams of dry cupric chloride (CuCL -21120) 
in distilled water, add 100 ml. of cone, hydrochloric acid and make up to one 
liter with distilled water. 

The standards are used in 100-mI. tubes with the mark 12-14 cm. above the 
bottom. The following table gives the proportions of each solution to be made 
up to 100 ml.: 


ml. 

Cobalt Solution. 

ml. 

Copper Solution. 

p.p.m. Nitrite per 

100 ml. of Water. 

.0 

.0 

.000 

1.1 

l.l 

.001 

3.5 

3.0 

.003 

6.0 

5.0 

.005 

12.5 

8.0 

.010 


The solutions to use for 100 ml. of water are the old ones, as follows: 1 ml. 
of hydrochloric acid (1 : 4), 2 ml. of sulfanilic acid (8 grams per liter), and 
finally 2 ml. of naphthylamine hydrochloride (8 grams per liter with 10 ml. of 
cone, hydrochloric acid), and allow color to develop twenty minutes. 

Note. — Volume 28, page 742, J. Soc. Chem. Ind., calls attentioiLto the possibility 
of a permanent standard comp<»ed of a solution of acid magenta'^fuchsine-S, acid 
fuchsine according to Weigert). According to this article, 0.2 of a gram of this dye 
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is dissolved In 50 ml. of 2/N HCl and made up to 2000 ml. with distilled water. Of 
this solution 200 ml. are mixed with 50 ml. of 2/N HCl and again diluted to 2000 ml. 
with distilled water. From this latter solution standard solutions can be prepared 
containing various quantities, these standards being made up to 200 ml. with distilled 
water after the addition of 5 ml. of 2/N HCl. Considerable work is being done on this, 
but the standards have not yet been accepted in this country. However, standards 
can be made by matching these solutions against standards prepared in the usual way 
and their permanence is much greater than such standards. 

Nitrogen as Nitrate 

Aluminum Reduction ® 

Reagents: 1. Sodium or Potassium Hydroxide Solution, — Dissolve 250 
grams of the hydrate in 1250 ml. of distilled water, add several strips of alu- 
minum foil and allow action to pass overnight. Boil down to 1 liter. 

2. Aluminum Foil, — Use strips of pure aluminum approximately 10 cm. long, 
9 mm. wide, and 3^ mm. thick, same to weigh about gram. 

Operation.“100 ml. of water is placed in a 300-ml. casserole. Add 2 ml. of 
the hydroxide solution and boil down to about 20 ml. Pour the contents of the 
casserole into a test-tube about 3 cm. in diameter and of approximately 100-ml, 
capacity. Rinse the casserole several times with nitrogen-free water and add 
the rinse water to that already in the tube, thus making the contents of the tube 
approximately 75 ml. Add a strip of aluminum foil. Close the tube by means 
of a rubber stopper through which passes a A-shaped glass tube about 5 mm. 
in diameter. Make the short end of the tube flush with the lower side of the 
rubber stopper while the other end extends below the surface of distilled water 
contained in another test-tube. This apparatus serves as a trap through which 
the evolved hydrogen escapes freely. The amount of ammonia escaping into 
the trap is slight and may be neglected. Allow the action to proceed for a 
minimum period of four hours, or overnight. Pour contents of the tube into 
a distilling flask, dilute with 250 ml. of ammonia-free water, distill and collect 
in Nessler tubes and Nesslerize. When the nitrate content is high, collect 
the distillate in a 200-ml. flask and Nesslerize an aliquot portion. If the 
supernatant liquid in the reduction tube is clear and colorless, the solution may 
be diluted to a definite volume and an aliquot part Nesslerized without dis- 
tillation. 

Note. — Where the nitrates are very high, from 50 parts per million up, take a 
smaller sample and dilute to 100 ml. before i^uction. 

Oxygen Consumed 

Reagents: 1. Standard Potassium Permanganate Solution. — Dissolve 0.4 
gram c.p. salt in 1 liter of distilled water. 1 ml. is equivalent to 0.1 milligram 
available oxygen. 

2. Standard Ammonium Oxalate So/ufion.-^-Dissolve 0.888 gram c.p. 
ammonium oxalate in 1 liter of distilled water. 1, ml. is equivalent to 0.1 milli- 
gram of oxygen. The standard permanganate Solution must be standardized 
against the ammonium oxalate solution. / 

*Univ. of IlUnoia Bull. Water Survey, Series 7/, p. 14 (1909); Amer. Jour. Pub. 
Hygiene, 19, 536 (1909). 
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3. Dilute Sulfuric Acid 1:3, — Free from oxidizable matter by adding 
KMh 04 until a faint pink color persists after several hours. 

Operation. — 100 ml. of water are measured into a 450-ml. Erlenmeyer flask, 
acidified with 5 ml. dilute sulfuric acid. Ten ml. of standard permanganate 
solution is run in from a burette and the flask is placed in a bath of boiling water, 
the level of which is above the level of the flask contents, for thirty minutes. 
Remove. Add 10 ml. of standard oxalic solution and then determine the excess 
with the standard permanganate solution. Deduct from the total perman- 
ganate solution used the 10 ml. of oxalic acid, and the remainder represents 
oxygen consumed. For particularly bad waters smaller quantities of the 
sample are taken and diluted to 100 ml., as it is undesirable at any time in the 
course of boiling that the pink color of permanganate be completely discharged. 

Chlorine as Chlorides 

Reagents: Standard Salt Solution. — 16.48 grams fused c.p. sodium chloride 
are dissolved in 1 liter of distilled water. 100 ml. of this solution diluted to 
1 liter gives a standard solution, each ml. of which contains .001 gram of chlorine. 

Standard Silver Nitrate Solution. — 4.8 grams dried silver nitrate crystals 
are dissolved in one liter of distilled water. Each ml. of this solution is equiva- 
lent to approximately .001 gram of chlorine, standardized against the Standard 
Salt Solution. 

Note. — N/50 solutions of both sodium chloride and silver nitrate can be used 
where it is inconvenient to make too many standard solutions, using the proper factors. 

Potassium Chromate. — 10% solution neutral potassium chromate. 

Note. — A. P. H. A., page 35, recommends 5% solution of neutral potassium 
chromate, adding after solution of the crystals in a few ml. of water, sufficient silver 
nitrate to produce a slight red precipitation. This is filtered off, and the filtrate made 
up to volume. 

'Operation. — 100 ml. of the sample are titrated with silver nitrate solution, 
using l ipl. of the potassium chromate as indicator to the first persistence of 
the silver chromate red. Subtract 0.2 ml. blank from the reading. A white 
porcelain dish pr casserole is the preferable container, although a flint-glass 
beaker over a wi^ite porcelain plate may be used. Where a chlorine is high 
and more than 15 oal. of silver is used, a smaller sample (50 ml. or 25 ml.) 
should be taken and 4 'listilled water added to bring the volume up to approxi- 
mately 100 ml. If the 0 riginal water is noticeably colored, 25 to 30 by standard, 
it may be decolorized by adding precipitated aluminum hydroxide, bringing to 
a boil and filtering. Titrjr^^^®^ must always be made in the cold, however. 

Note, — P recipitated alumn’^^"^ hydroxide is prepared by dissolving potash alum in 
water, precipitating by adding* carefully ammonia and washing in a large jar with 
distilled water, by decantation 6 chlorine, ammonia, and nitntes. An 

acid water should first be neutra'^’^^^ sodium carbonate and a water containing 
free hydroxides should be neutn'^^^ed mih sulfuric acid. Where specially accurate 
work is desired, observations ma>y . 

(A. P. H. A., page 36.) A yellown photographic glass may be used in daylight and at 
night the ordiimry carbon filam ent t^lcctrie light. 
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Total Solid Residue 

Evaporate 50 ml. to dryness, in a platinum dish, at about 270® Fahr., and 
bake for at least 30 minutes at that temperature. An ordinary water-bath 
temperature will not remove water of crystallization from alkali sulfates or 
calcium sulfate. Where water is high in magnesium salts, as determined in 
mineral analysis, the water-bath temperature is more satisfactory, due to the 
readiness with which magnesium chloride and frequently magnesium carbonate 
will decompose to oxide. As a rule, however, a temperature from 240° to 270° 
meets most of the conditions. 

Weight in grams times 1168 = grs. per gal. total solids. 

Weight in grams times 20,000 = parts per million total solids. 

Residues from acid waters should be ignited to a dull red heat after addition 
of a drop or so of sulfuric acid, to insure complete removal of the acid itself, 
which will not go off at the temperature stated. This will result in the decom- 
position of all iron compounds to the oxide form, and will fix all salts, lime, 
magnesium, sodium and potassium, in the sulfate form, and correction should 
be made for chlorides present, which would be converted into sulfates. 

Waters high in magnesium salts should be evaporated at the first specified 
temperature, adding, however, a few ml. of N/50 normal sodium carbonate 
solution to insure a slight excess of sodium carbonate, correcting for the weight 
of sodium carbonate added. Where the waters contain much organic matter 
after weighing, they may be very gently ignited at a very dull red heat until the 
carbon has been burned off. After cooling, the residue may be recarbonated 
with tested ammonium carbonate solution, and again dried in the usual .way. 
The difference in weight after titrating for possible loss of chlorides, due to 
volatilization, gives a close approximation of the organic matter present. 
Similarly, waters high in magnesium chloride or nitrate compounds may be 
evaporated with a few drops excess of sulfuric acid, and ignited to a dull red 
heat, the residue being compared, where a complete analysis is made, with the 
sum of all bases calculated to the sulfate form. This is sometimes more con- 
venient and satisfactory than the evaporation with excess sodium carbonate. 


INTERPRETATION OF RESULTS 

The interpretation of the results of a sanitary water analysis is largely a 
matter of experience, and it is impossible to lay down hard and fast rules cover- 
ing this one matter. It is, however, possible to sum up the meanings of the 
various determinations made, as each determination has some bearing upon the 
sanitary condition. 

In physical data the turbidity refers to insoluble matter in suspension. In 
many cases it is perfectly harmless, although less attractive, and frequently 
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suggests contamination, which is as apt to be present as not. High turbidities, 
following rain storms or lake over- turnings, are usually accompanied by B. coli, 
the intestinal organism, in considerable quantity. The turbid waters of the 
West may cause stomach trouble until a person is accustomed to them. Color 
is due, usually, to an extract of vegetable or organic matter, or to iron salts, 
and in itself has no value save suggesting organic contamination. Highly 
colored water may have an astringent taste, and is not looked upon with favor 
by the consumer. It may cause corrosion in pipes and boilers. 

Various organic matters are in no way determined in this analysis, the results 
obtained being simply indications of certain cycles in decomposition of nitrog- 
enous material, as no decomposition can take place without some resulting 
nitrogen compound. Free ammonia represents the first stage in this decom- 
position, and represents the amount of organic matter present in a partially 
decomposed and decomposing state. Deep wells in glacial drift frequently also 
contain high ammonia, however, which would in no way suggest active con- 
tamination. 

Albuminoid ammonia represents organic substances in an undecomposed 
state, which will, however, decompose under the proper conditions. The 
presence of nitrogen in such combination in large amount usually suggests the 
presence of pollution of a sewage character. However, its presence usually 
accompanies and varies in amount with the color and with the microscopic 
organisms. 

The next stage in the cycle is nitrogen as nitrites, indicating that decom- 
position is actively progressing. Nitrite in surface water may indicate con- 
tamination when in considerable quantity, but in ground water is absolutely of 
no significance. (Proc. Am. W. W. Assoc., 1908, page 323.) Its presence is 
due to the action of certain types of bacteria either as a product of oxidation 
from free ammonia or as a product of reduction from nitrate. Ferrous com- 
pounds have also a bearing on such reduction. 

The final state of decomposition is nitrogen as nitrate. This indicates the 
fact that at some time in the past organic matter has been present. Its presence 
indicates a purified water. In large amounts it may cause itching in sensitive 
persons. It is an important cause of corrosion in pipes, and boilers. 

The oxygen consumed represents the amount of oxygen required to oxidize 
organic matter already in the water. It has a bearing upon the organic matter, 
but there are many inorganic substances which also discharge the color of the 
permanganate solution, and the result should always be considered in the pres- 
ence of the other determinations. 

Chlorine as chlorides, if above the normal figure for any definite location, 
is a fairly good indication of sewage, as it is one of the most constant and princi- 
pal constituents of sewage. 

The total residue itself should not be too high, as an excess of inorganic 
materials would stamp the water unfit from an industrial point of view, and also, 
from the standpoint of the individual, might make it unsatisfactory as a drink- 
ing supply for daily consumption. 

With reference to standards of purity, it is impossible to make absolute 
standards. We quote as a matter of interest a table published by the State of 
Illinois, giving their suggested limits of impurities for supplies in that State. 
(The remarks which follow are those of the State Geological Survey.) 
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Lake 

Michigan. 

Streams. 

i 

Springs 

and 

Shallow 

Wells. 

Deep Drift 
Wells. 

Deep Rock 
Wells. 

Turbidity 

None 

10. 

None 

None 

None 

Color 

None 

. 2 * 

None 

None 

None 

Odor 

None 

None 

None 

None 

None 

Residue on Evaporation . . . 

150. 

300. 

500. 

500. 

500. 

Chlorine 

4.5 

6. 

15. 

15. 

5,-100 

Oxygen consumed 

1.6 

5. 

2. 

2.-5 

2.-5 

Nitrogen as: 

Free Ammonia 

.01 

.05 

,02 

.02-3 

.02-3 

Albuminoid Ammonia . . . 

.08 

.15 

.05 

.20 

.15 

Nitrites 

.000 

.000 

.000 

.005 

.000 

Nitrates 

.04 

-5 

2.00 

.5 

.5 

Alkalinity 

120. 

200. 

300. 

300. 

300. 

Bacteria per ml 

100. 

500. 

500. 

100. 

100. 

Colon bacillus in one ml — 

Absent 

Absent 

Absent 

Absent 

Absent 


* Modified Nessler or Natural Water kStandard equal 26 p-p.m. platinum scale. 


The formation of a reasonable and just opinion regarding the wholesomeness 
of a water requires that there be taken into consideration all the data of the 
analysis, together with the history of the water; the nature of the source; 
character of the soil and earth or rock strata, and the surroundings. The 
interpretation of results is a task for the expert. If possible a bacteriological 
examination should be made to supplement the sanitary analysis, as the latter 
is more useful in determining the source of pollution and indicating the stage of 
contamination. 

Chlorine is the most permanent element shown in water analysis, as it is 
never removed from water by any changes or processes of purification. Salt 
deposits, however, in the soil must also be taken into consideration. 


MINERAL ANALYSIS 
Outline of Procedure 

Evaporate 50 ml. of the sample of water to dryness and bake the residue at 270® 
F. in weighed platinum dish. Increased weight of dish represents 
total solid residue, (Can be used for SO 4 when sample is small.) 
Ignite for organic loss. 

250 ml. Titrate with N /10 acid or alkali for alkalinity or acidity, (Can be 
re-used to make up volume of 500-ml, portion when water sample is 
small.) Methyl orange indicator. (With a 50 ml. sample use N/50 
acid.) 

100 ml. Titrate with N/10 AgNOs for chlorine. 
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100 ml. Acidify, boil, precipitate with BaCL, filter and weigh for foicf sulfate. 
(Use filtrate for Na and K when necessary.) 

100 ml. Add 2 ml. 10% NasCOa, evaporate to dryness, add phenolsulfonic acid, 
dilute, then excess of NH4OH for total nitrate. 

500 ml. Evaporate to dryness (with a few ml. concentrated HCl when very 
accurate Si02 figure is necessary) in No, 8 R. B. dish. Bake 30 
minutes, cool, add boiling HCl (concentrated), dilute and filter. 


Filtrate. Add a few drops of HNO 3 , concentrate to 50 ml., cool, 
add NH^OH, boil and filter. 


Filtrate. Boil and add saturated Am. Ox- 
alate drop by drop, boil and filter. 


Precipitate is Si 0 2 
and silicate imjpu- 
ritias (alsoBaSOd- 
Unless great accu- 
racy is necessary, 
it should be 
weighed as such, 
othervidse SiOa can 
be removed by HF 
and correction 
made. 


Precipitate (Fe, Al, 
PO 4 -) may be re- 
ported as such or 
as Fe and Al after 
Qual. test for phos- 
phate has shown 
same to be absent. 
Other^vise both Fe 
and P 04 ^ should 
be determined and 
weight corrected. 


Prec. Ca as oxalate. 
Dissolve in 2% H 2 - 
SO4. Titrate with 
standard KMn 04 . 


Filtrate Mg (and 
Mn), add 10-25 ml. 
concentrated Sod. 
Phos. Solution, 
then 50 ml. NH 4 - 
OH, stir well 2 
minutes, or more, 
let stand 4 hours, 
or more, filter and 
wash with 3% 
NH 4 OH. Dry in 
air oven at 50®- 
60° C. Add excess 
N/10 H 2 SO 4 to dis- 
solve ppt. Titrate 
the excess acid with 
N/10 NaOH. 


Note. — For industrial purposes the original addition of HCl is not always necessary 
and correction for BaS 04 , Phos. Mn and sejmration of Fe and Al can be dispensed with 
unless there is cause to suspect one to be present in material amounts. 


In the matter of mineral analysis of water, it is not so hard to obtain a com- 
plete analysis of the water, including the non-incrusting or “ nearly always ” 
soluble materials as well as the incrusting materials, as it is to make numberless 
individual or independent tests, in the hope of drawing conclusions from same. 
The scheme of analysis which follows is used exclusively in the writer's labora- 
tories, and when carried out as given, makes it possible to complete analysis of a 
water, or a group of waters numbering up to ten, in the period of eight hours 
elapsed time, or twenty-four hours, assuming the work is arranged in such a way 
that the magnesia precipitates are allowed to stand overnight before filtration. 
On another page will be found a skeleton form for this complete analysis, and 
this skeleton will serve as a rough guide to the more extended discussion which 
will follow. 

The complete analysis considers the quantitative determinations of silica, 
iron and aluminum, calcium, magnesium, sodium and potassium, as bases, and 
carbonate, hydroxide, nitrate, sulfate, chloride, and phosphate, as radicals or 
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acids, with suggested methods for manganese, ammonia, barium, and other 
materials which might possibly be present. 

Prior to the starting of the analysis, the physical characteristics of the water 
should be noted, turbid waters should be filtered, the suspended matter analyzed 
separately when necessary, and the amount determined either by filtration and 
weighing of the separated material (alundum cones are very satisfactory), or 
by the difference between two residues, one of which represents the original 
water and one the filtered water. The mineral analysis should represent the 
filtered supply. This is due to the difficulty of getting uniform samples with 
suspended matter at different times. Treatment with H 2 O 2 is also sometimes 
effective when the color is high. 

Note. — Due to the tendency of some grades of H202 to change both alkalinity and 
chloride figures, the material used should be examined carefully. Merck’s Super Oxol 
(30% II 2 O 2 ) has been found thoroughly .satisfactory and has not affected analytical 
results. 


Silica, Iron^ Aluminum, Calcium, Magnesium 
(Manganese, Phosphoric Acid) 

Note. — If from qualitative observations the water contains considerable mineral 
matter, smaller quantities varying from 100 to 250 ml. may be taken, or if the sample 
is apparently distilled or condensed and contains very little mineral matter, 1000 ml. 
should be taken, the object being to obtain a residue neither too large nor too small. 
0.4 to 0.6 gram is a good quantity to work on. 

Silica 

Add 5-10 ml. HCl, evaporate over free flame, then on J^-in. asbestos board, 
to dryness, 500 ml. original water, using a No. 8 porcelain dish. Bake at 
IIO^-ISO'^ C. or on asbestos plate over flame for one-half hour. Moisten with 
10 ml. concentrated HCl, add 50 ml. of water, boil fifteen to thirty seconds and 
filter. Wash with hot water. 

Note. — For great accuracy, evaporate twice to dryness as above, with the addition, 
prior to the sample going to dryness, of 10 ml. HCl, allow to bake as above, following from 
tWe on the usual procedure for filtration. 

Note —When the water is highly colored due to organic matter, a few ml. of HNOj 
can also be added. 

The precipitate retained on the filter paper represents the silica or siliceous 
matter, including possibly barium sulfate. Ignite and weigh. 

Note.— If the amount is over .01 g. per liter, or 10 parts per million, moisten with a 
few drops of concentrated sulfuric acid and hydrofluoric acid, expel excess acids, and 
reweigh. ^his must be done in platinum. The loss represents silica, and should be 
recorded as such, and the residue represents bases, principally barium, combined with 
sulfuric acid. This will also catch possible calcium sulfate that might be left undis- 
solvcd, due to short boiling, to low dilution, or conditions wffiich would prevent its normal 
solubility in the original solution. 

Note.— W hen a large amount of CaSO< is suspected or indicated, extra care must be 
taken to remove it completely by solution. 

Iron and Aluminum (Gravimetric) 

The filtrate contains iron, aluminum, calcium, magnesium, possibly man- 
ganese, a^nd phosphate. Bring to a boil, add two or three drops cone, nitric acid 
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and concentrate to about 25-50 ml. Remove from hot plate or flame, add am- 
monium hydroxide in slight excess, boil for one or two minutes, and filter. 

The precipitate contains iron, aluminum, and possibly phosphates. Burn 
and weigh as oxides of iron and aluminum, plus phosphates, and test 50 ml. of 
the original water with treatment in the usual way to determine whether or not 
phosphates are present. Where this precipitate of iron and aluminum oxides is 
greater than 0.01 g. per liter or 10 parts per million, or where the separation 
of the iron and aluminum is advisable, the precipitate should be fused with 
eight or ten times its weight of potassium bisulfate, redissolved in water,, the 
iron reduced to the ferrous condition with zinc, and titrated with potassium 
permanganate, recording the difference in weight between the original precipi- 
tate and the iron determination as aluminum oxide. 


FeX1.43 = Fe 203 . 

Note. — Where much water is available and time is an object, an additional 500 ml. 
can be carried down to approximately 50 ml. with a few drops of nitric acid, the iron 
and aluminum precipitated as above mentioned with ammonia, and the precipitate 
before drying redissolved in acid, reduced and titrated with potassium permanganate. 
This portion can be started at the same time the original analysis is started, and will 
greatly simplify the determination and save time. 

Total Iron (Colorimetric) 

Reagents: Iron Standard, — 0.7 g. cryst. ferrous ammonium sulfate is 
dissolved in a small amount of distilled water, add 25 ml. dilute (1:5) sulfuric 
acid, warm slightly and oxidize completely with potassium permanganate, 
make up to 1000 ml. 1 ml. = 0.1 mg. Fe. 

Ro/flWium Sulfocyanide. — 2% solution. 

Potassium Permanganate. — 6.3 g. per liter. 

Operation. — Instead of precipitating, or w’here traces of Fe arc of impor- 
tance, 100 ml. to 1000 ml- of the water may be carried to dryness with HCl and a 
few drops of Br, taken up with 5 ml. (1 : 1) HCI, diluted to 100 ml. in a Nesslcr 
tube, 10 ml. KCNS solution (20 g. to a liter) added and the color compared 
with standards. The comparison should be made at once as the color fades. 

Note. — It is frequently as satisfactory to add the standard iron solution from a 
burette to a 100 ml. Nessler tube containing 5 ml. (1 : 1) hydrochloric acid (Fe free), 
10 ml. potassium sulfocyanide solution (20 g. to a liter) and sufficient distilled water 
until the color matches that of the sample. 

(Ferrous Iron — Colorimetric) 

(Frequently desirable in acid waters but rarely necessary.) 

Reagents: Iron Standard. — 0.7 g. cryst. ferrous ammonium sulfate is dis- 
solved in one liter of distilled water containing 10 ml. dilute H2SO4. (Not 
permanent. Should be made up as needed.) 1 ml. = 0.1 mg, Fe. 

Potassium Ferricyanide Solution. — (Prepare as needed.) 0.5 g. per 100 ml. 
distilled water. 

Sul/uric Acid. — 1 : 5. 

Note, — P repare sample and standards at same time. 
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Operation. — Place in 100 ml. Nessler jar 60 ml. of sample, 10 ml. dilute 
H2SO4 (1:5), filter, if necessary, to remove suspended matter, add 15 ml. potas- 
sium ferricyanide solution and make up to 100 ml. mark with distilled water. 
Compare with standards made as follows: 

Place in 100 ml. Nessler jar 75 ml. distilled water, 10 ml. dilute H2SO4 (1:6) 
and 15 ml. potassium, ferricyanide solution, and mix well. Add various amounts 
of iron standard from burette, mix and compare color. Determine ferric iron 
by deduction of ferrous iron from total iron. 

Phosphates 

Reagents: Ammonium Molybdate . — 50 g, c.p. neutral salt dissolved in 
1 liter distilled water. 

Nitric Acid (spec. grav. 1.07).— Dilute about 1:5 with distilled water. 

Standard Phosphate Solution. — 0.5045 g. c.p. cryst. Na2HP04T2H20. 
Dissolve in distilled water, 100 ml, standard HNO3 added. Dilute to 1 liter. 

One ml. = 0.0001 gram P20fi. 

Operation. — Evaporate 50 ml. water to dryness in porcelain after addition of 
3 ml. HNO3 (spec. grav. 1.07). Bake two hours at 212° F. Take up with 50 
ml. distilled water, add 4 ml. molybdate solution and 2 ml. HNO3, and compare 
in Nessler tube with standards from phosphate solution made to 50 ml. and 
treated with same reagents. A tube 2.6 cm. by 24 cm. to 100-ml. mark of hard, 
white glass is most suitable.® Where waters are already colored the evaporation 
should be carried on with 3 ml. HNOa and 0.5 ml. (or more, if water is highly 
colored) of KMn04 solution (1 gram per 1000 ml.), baking at 212° F. for the 
same time.^ Where the phosphate is present in large enough quantities to 
precipitate the gravimetric methods may be used. 

Calcium 

The filtrate from iron, aluminum and phosphate precipitate contains cal- 
cium, magnesium, and possibly manganese. Concentrate to about 100 ml. 
Add to the hot ammoniacal solution a saturated solution of ammonium oxalate 
drop by drop, or add in small portions crystals of ammonium oxalate. Allow 
to boil two minutes, stirring, if necessary (on account of heavy precipitate and 
tendency to bump), remove, filter and wash. (Eight complete washings are 
usually sufficient.) 

Not®.— W here great accuracy is desired, the precipitate on the filter should be 
redisfiolved in a small amount of hot, dilute, hydrochloric acid and reprecipitated with 
ammonium oxalate. 

Dissolve in 2% sulfuric acid and titrate with the standard solution of 
potassium permanganate. (N/50 KMn04 may be used.) 

Note. — Where the volumetric method is to be used, eight complete washings are, 
as a rule, sufficient to remove the traces of ammonia salts, which are prone to have 
considerable influence upon the volumetric results, due to the possibility of traces of 
ammonium oxalate still being present. 

» J. Am. Chem. Soc., 23, 96 (1901). 

T J. Ind. Eng. Chem., 5, 301-2 (1913). 
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Fe Value X0.896 = CaCOs. 

Fe Value X0.5021 = CaO. 

Fe Value X0.3589 = Ca. 

Optiooal (Gravimetric) 

Instead of redissolving and titrating the calcium oxalate upon the filter 
paper, it can be dried, burned and weighed either as calcium oxide or calcium 
carbonate. 

Note. — T he burning of calcium oxalate to carbonate is not so difficult as it seems, as 
an intense heat is necessary to convert it to the oxide, and if the crucible is well watched 
and the flame gives just sufficient heat to carbonize and destroy the filter paper, there 
win be no chance whatever of any calcium oxide being formed, or any calcium oxalate 
being left. Where hj^wthetical combinations are used, it is very convenient to have the 
calcium as carbonate without calculation. Where burned to the complete oxide it is 
frequently necessary to use a blast lamp, as large precipitates require a high temperature 
to reduce completely to oxide form. 


Magnesium 

The filtrate contains magnesium {and possibly manganese). Acidify with 
HCl, concentrate if necessary to 150 ml., add 25 ml. saturated solution of 
ammonium sodium hydrogen phosphate (NH4NaHP04 '41120, microcosmic 
salt), cool and make alkaline with ammonium hydroxide. Allow to stand at 
least four hours. 

The precipitate is w'ashed several times by decantation with ammonium 
hydroxide solution (1 part NH 4 OH, sp.gr. 0.90 to 9 parts water), and finally 
on the filter. After draining, the filter paper is opened out, the moisture 
removed as much as possible by means of dry filter paper. The residue may be 
dried in the room for about forty-five minutes or in the air oven at 50® to 60® C. 
for fifteen to twenty minutes. When the filter has dried, ammonia will have 
been expelled. Entire paper, etc., is placed in a dry beaker, N/10 sulfuric acid 
added in excess, using the methyl orange indicator, the solution diluted to 100 
ml. and the excess of acid titrated with N/10 sodium hydroxide. 

One ml. N/10 H2SO4 — 0.00216 gram MgO. 

Note. — Accurate results are also obtained with the use of sodium phosphate added 
direct to the filtrate from the calcium precipitate without previously acidifying with 
acid, with 25 ml. to -50 ml. of ammonium hydroxide added to make strongly alkaline, 
after which the solution should be very thoroughly stirred (for at least two minutes), 
using a rubber-ended glass rod. Allow to stand at least four hours. 

For very rapid work in either case, if the magnesium solution after the precipitation 
is cooled in ice-water, filtration can be frequently made in two hours’ time. 

For extremely accurate work the precipitate produced in either of the methods above 
should be redissolved in a little dilute HCl and the precipitation repeated. 

Optional (Gravimetric) 

The ppt. can be filtered, and washed with 3% solution of ammonium 
hydroxide. Bum and weigh as Mg2p207. 

Optional (Volumetric) 

The following method is purely volumetric. It is used in a great many 
water softening plants for control, is accurate and extremely simple. It is not 
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used in the general scheme of analysis because it starts with the raw water and 
not a concentrated sample. A Mg determination can be made in half an hour 
or less. 

Solutions: (1) Lime Water , — A saturated solution is made by shaking an 
excess of lime with a suitable volume of water. After settling, the clear liquid 
is siphoned into a bottle. Changes in temperature may cause slight precipita- 
tion in the saturated solution. To avoid this it is a good plan to add 10-20 ml. 
of distilled water per liter of solution. 

(2) Standard Acid. — N/50 H2SO4. 

Procedure. — 100 ml. is measured into a 250 ml. volumetric flask, neutralized 
with H2SO4 to methyl orange end point. The liquid is boiled down to about 
50 ml. and to the hot solution 50 ml. of lime water added. The flask is filled 
to the mark with CO 2 free water, plus 5 ml. Place on a steam bath for 10 
minutes, cool, allow to settle, pipette out 50 ml. and titrate with N/50 H2SO4 
using phenolphthalein indicator. 

The relation between the lime water and the standard acid is determined by 
running a blank. This figure once obtained can be used until the lime solution 
is all used. It is necessary to run blanks on all freshly made lime solutions. 
It is good practice to check the lime figure from time to time. 

Blank— 5 Xml. acid used = ml. used to ppt. Mg. 

This figure X2.4 = p.p.m, of Mg. 


Manganese 

Where necessary, manganese should be determined separately in another 
portion of the water and corrections made. The Knorres Persulfate method is 
the most reliable for large amounts (10 milligrams Mn per liter) ; the Bismuthate 
method for smaller amounts. 


Knorres Persulfate Method (Volumetric) 


Reagents : Potassium Bisulfate c.p. 

Ammonium Persulfate Solution (60 grams per liter distilled water). 

Hydrogen Peroxide So/ii/ion.— Equivalent to N/10 KMn04. (Approx. 5.6 
ml., 3% H2O2 diluted to 100 ml.) 

Operation.— Evaporate 5 liters or more to dryness, adding first 10 rnl. con- 
centrated HzSOi. Ignite after adding a few crystals of potassium bisulfate 
and take up in hot water. Transfer to 250-mI. Erlenmeyer flask with 5 ml. 
dilute (1:3) H2SO4, add 10 ml. ammonium persulfate solution, boil twenty 
minutes, cool, dissolve precipitate (manganese superoxide) in standard hydro- 
gen peroxide solution. (If no ppt. forms no manganese is present.) 


Notes.— When hydrogen peroxide solution is standardized against !N/10 I'CMn 04 
1 ml, will be equivalent to 2.747 milligram Mn 

An excess of 10-20 ml. HsOj solution can be added and this excess titrated with 

N/10 KMnO«. 


Sodium Bismuthate Method (Colorimetric) ® 


Reagents: Potassium Permanganate.— 0.2SS gram KMnOi to 1000 ml. 
1 ml. -0.1 milligram Mn. 

* J. Am. Chem. Soc., 29, 1074-78, 1907. 
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Sodium Bismuthate (purest). 

See method of preparation of reagent given on page 1198. 

Nitric Acid, — (Spec. grav. 1.135) 3 parts concentrated HNOj to 1 part H2O 
should be blown with air until free from oxides of nitrogen. 

Sulfuric Acid, — 25 ml. concentrated H2SO4 to 1000 ml. Add permanganate 
solution to a faint but noticeable color. 

Operation. — Evaporate 500 ml. in porcelain dish after adding 1 ml. dilute 
H2SO4 in excess of that necessary to neutralize all alkali. Ignite to remove free 
acid (organic matter and chlorine), cool and dissolve in 50 ml. HNO3 (30 ml. 
concentrated HNO3 to 1 liter), with heat if necessary. Cool again, add 0.5 
gram sodium bismuthate and heat until pink color disappears, re-cool and add 
sodium bismuthate in excess, filter through asbestos in Gooch crucible (asbestos 
must be free from organic matter, thoroughly washed and ignited), or alundum 
crucible. Wash with nitrite-free distilled water containing 5% dilute HNOs 
(30 ml. concentrated HNO3 per liter), into Nessler tube, make up to 100 ml. 
and match with color produced by necessary amount of standard KMnO^ in 
100 ml. H2SO4 reagent. 

No. ml. standard KMnO4X0.2 = milligrams Mn per liter. 

Note. — The permanganate solution used for oxygen consumed (see Sanitary Method) 
contains 0.139 gram Mn per liter and may be used when necessary. 

No. ml. X 0.278 — milligram Mn per liter. 

Sulfates 

100 ml. of the water is slightly acidified with cone. HCl and 5 ml. 10% NH4CI 
solution added, brought to a boil, and if turbid is filtered and washed four or five 
times with boiling water. The clear or original water is now brought to a boil 
and 10% barium chloride added drop by drop to the boiling solution in slight 
excess. Boil ten minutes, stirring from time to time, if the precipitate is heavy. 
Remove and allow to cool prior to filtering. The precipitate consists of barium 
sulfate. Wash free from chlorides, testing with AgNO*. Dry, ignite and 
weigh. 

BaS04X.411-S04. 

BaS04X.583 = CaS04. 

milligrams BaS04X.340 = CaS04 grains per gallon. 

Benzidine Method (Optional) * 

Reagents: Benzidine Solution. — Triturate in a mortar with 5 ml. to 10 ml. 
water, 4 grams benzidine base. Transfer to liter flask, add 10 ml. HCl and make 
to volume. 1 ml. = ,002186 gram SO4. 

Hydroxylamine Hydrochloride, — 1% solution in water. 

Operation. — Add 10 ml. hydroxylamine hydrochloride to 250 ml. water, then 
add, at once stirring well, 100 ml. benzidine solution. Allow to stand fifteen to 
twenty minutes, decant through vacuum filter and wash with 10 ml. to 20 ml. 
distilled water (do not let filter run dry), return filter paper to beaker, coyer 
with distilled water, bring to a boil and titrate with N/10 or N/60 NaOH, using 
phenolphthalein as indicator. 

• Friedheim and Nydegger, Z. angew. Chem., 20, 9 (1907). 
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One ml. N/10 NaOH = . 0048 gram SO4. 

One ml. N/50 NaOH = . 00096 gram SO 4 . 

N. B. Method by Muer, J. Ind. Eng. Chem., 3, 553 (1911). When the sulfate 
is 25 p.p.m. or more, the determination may be made by the turbidimeter method 
direct on 100 ml. For less quantities, larger amounts of water are taken and evaporated. 

Sodium, Potassium and Lithium 

Sodium and Potassium 

The filtrate contains sodium and potassium and lithium, and may be used 
for such unless the water is highly mineralized, in which case a new portion, 
100 ml. to 500 ml., should be taken. 

Evaporate to dryness, add saturated solution of barium hydroxide in excess, 
filter, wash with hot water, add to the filtrate ammonium carbonate in excess and 
a few drops of ammonium oxalate, boil, filter, evaporate again to dryness and 
dry at a high temperature to expel excess of ammonia salts. Redissolve, add 
slight excess of ammonium carbonate again and continue until no further pre- 
cipitate is formed on such addition. Evaporate to dryness in a weighed plati- 
num dish, remove ammonium salts by high-temperature drying, and weigh the 
combined chlorides of sodium and. potassium. Moisten with about 25 ml. of 
water and a few drops of HCl and add from 1 ml. to 5 ml. of 10% solution of 
platinic chloride (1 ml. to each 25 milligrams to 30 milligrams total chlorides). 
Evaporate to dryness on water bath, take up and wash with 95% alcohol until 
filtrate is free from color. Dry, redissolve precipitate, washing through the 
filter paper in hot water. Evaporate again to dryness and weigh as K 2 ptCl 6 . 

K2PtChX.161 = K. 

K2PtCl«X.307 = KCI. 

Deduct from combined weight of chlorides. Remaining NaClX.394 = Na. 

„When separation is not necessary, the combined chlorides are calculated 
as sodium chloride and reported as sodium and pota&sium chlorides. 

See pp. 878-881 for direct methods for Sodium. 


Lithium 

Use a large quantity of the sample. Obtain the combined chlorides of 
sodium, potassium and lithium. Transfer the combined chlorides to a small 
Erlenmeyer flask (50 or 100-ml. capacity) and evaporate the solution nearly, 
but not quite, to dryness. Add about 30 ml. of redistilled amyl alcohol. 
Connect the flask, the stopper of which carries a thermometer, with a con- 
denser and boil until the temperature rises approximately to the boiling point 
of amyl alcohol (130® C.), showing that all the water has been driven off. Cool 
slightly and add a drop of hydrochloric acid to convert small amounts of 
lithium hydroxide to lithium chloride. Connect with the condenser and con- 
tinue the boiling to drive off again all water and until the temperature reaches 

See Stendard Methods of Water Analysis. A, P. H. A. (1920), pap 60. 

” The amyl alcohol may be boiled off without the use of a condenser, but the vapors 
are very disagreeable. 
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the boiling point of amyl alcohol. The content of the flask at this time is 
usually 15 to 20 ml. ^ Filter through a small paper or a Gooch crucible into a 
graduated cylinder and note exact quantity of filtrate, which determines the 
subsequent correction. Wash the precipitate with small quantities of dehy- 
drated amyl alcohol. Evaporate the filtrate and washings in a platinum dish 
to dryness on the steam bath, dissolve the residue in water, and add a few drops 
of sulfuric acid. Evaporate on a steam bath and expel the excess of sulfuric 
acid by gentle heat over a flame. Repeat until carbonaceous matter is com- 
pletely burned off. Cool and weigh the dish and contents. Dissolve in a small 
quantity of hot water, filter through a small filter, wash, and return filter to 
dish, ignite and weigh. The difference between the original weight of dish and 
contents and the weight of the dish and small amount of residue equals the 
weight of impure lithium sulfate. The purity of the lithium sulfate should be 
tested by adding small amounts of ammonium phosphate and ammonium hy- 
droxide, which will precipitate any magnesium present with the lithium sulfate. 
Any precipitate appearing after standing over night should be collected on a 
small filter and weighed as magnesium pyrophosphate, calculated to sulfate, and 
subtracted from the w^eight of impure lithium sulfate. From this weight sub- 
tract 0.00113 gram for every 10 ml. of amyl alcohol filtrate exclusive of the 
amyl alcohol used in washing residue because of the slight solubility of solid 
mixed chlorides in amyl alcohol. Calculate lithium from the corrected weight 
of lithium sulfate. Dissolve the mixed chlorides from flask and filter with hot 
water, evaporate to dryness, ignite gently to remove amyl alcohol, filter and 
thoroughly wash; concentrate the filtrates and washings to 25 to 50 ml. 

To the w^eight of potassium chloride add 0.00051 gram for every 10 ml, 
of amyl alcohol used in the extraction of the lithium chloride, whicii corrects 
for the solubility of the potassium chloride in amyl alcohol. Calculate to 
potassium. 

The weight of sodium chloride is found by subtracting the combined 
weights of lithium chloride and potassium chloride (corrected) from the total 
weight of the three chlorides. Calculate sodium chloride to sodium. 

Alkalinity 

In ordinary cases titrate with N/10 or N/50 H2SO4, using methyl orange as 
indicator. Special cases wull be considered later. 

Reagents. — Sulfuric acid, N/10. Methyl orange. Phenolphthalein, 

Operation. — 250 ml. of water in 400-mI. beaker or a casserole are titrated 
with N/10 H2S04, using two to five drops of methyl orange indicator (or 50 ml. 
can be similarly titrated with N/50 H2SO4). 

To colored waters add 5 to 50 ml. H202 to decolorize. Start with 5 ml,, and 
if this is insufficient, add more, 5 ml. at a time. This totally clears some waters; 
in all cases there is a great improvement. In correcting for the acidity of 
H2O2, our laboratory add.s 0.1 ml. to the reading for each 5 ml, H2O2 used. 

Calculate for 250-mI. sample. 

No. ml.X4X.005 = g. per liter CaCOs. 

No. ml.X4X58.4X.005 = grs. per gallon CaCOg, 

Or X 1.168 = gr8. per gallon CaCOg. 
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Distilled water, and neutral waters containing magnesium chloride and 
magnesium sulfate frequently give an alkaline reaction when used with methyl 
orange. In such cases from .2 to .8 ml. N/10 acid are required to discharge the 
arlkaline color of the methyl orange. Such a procedure would suggest to the 
operator that the waters were alkaline. However, if such neutral waters are 
boiled with phenolphthalein as an indicator for twenty minutes and no pink 
color develops, the waters are not alkaline but neutral. The use of a blank of 
.2 ml. is of no value under such conditions and it appears to the writer as much 
the safest way when the titration is under 1 ml. of N/10 acid that the water be 
boiled with phenolphthalein in an effort to determine absolutely whether this 
water is alkaline, due to the presence of a carbonate as indicated by the methyl 
orange, or whether the alkalinity is entirely due to the hydrolyzing of the cal- 
cium or magnesium base present in the absence of alkali. When no pink color 
is produced the water should be pronounced neutral. 

Phenolphthalein may also be used as indicator on another 250-ml. portion, 
using the above procedure. This titration in connection with the methyl orange 
titration makes possible a determination of the relation of carbonate, bicar- 
bonate and caustic alkalinity. 

The following is adapted from a table on page 66, Standard Methods of 
Water Analysis of the American Public Health Association, and is of value in 
showing the relation of the various titrations. Methyl orange has been used in 
place of erythrosine. 


TABLE SHOWING RELATION BETWEEN ALKALINITY BY PHENOL- 
PHTHALEIN AND THAT BY METHYL ORANGE IN PRESENCE OF 
BICARBONATES, CARBONATES AND HYDRATES. 



Bioarboiiates. 

Carbonates. 

Hydrates. 

P = 0 

M 

i 0 

0 

P<iM 

1 M-2P 

2P 

0 

V=}iM 

0 

! 2P 

0 

P>iM 

0 

2(M-P) 

2P-M 

P = M 

0 

0 

M 


M = Methyl orange alkalinity. 

P = Phenolphthalein alkalinity. 


PROPOSED METHOD OF TEST FOR THE DETERMINATION 
OF THE HYDROXIDE ION IN INDUSTRIAL WATER 

Scope.—There is no known method of chemical analysis by which the exact 
concentration of the hydroxide ion in w^ater may be determined. Interpreta- 

Under the standardization procedure of the Society, this method is under the 
jurisdiction of the A. S. T. M. Committee D-19 on Water for Industrial Uses. This 
is a proposed draft and is published as information only. Comments are solicited and 
should be addressed to the Headquarters of the Society, 260 S. Broad St., Philadelphia, 
Pa. 
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tion of any titration method is complicated by the fact that when salts such 
as carbonate, phosphate, aluminate, silicate orehromate, as well as some types 
of organic material, are present, they are titrated to a greater or less extent 
along with the hydroxide ion. The standard method, employing strontium 
chloride, minimizes interference by sulfate, as well as by carbonate and phos- 
phate. A method similar in procedure, but employing barium chloride, is 
outlined in the appendix following the standard method. 


STANDARD METHOD” 

This method is known as the strontium chloride method. It is based upon 
the fact that since strontium carbonate and strontium phosphate are much less 
soluble than strontium sulfate, it is possible to free the solution of carbonate and 
phosphate ions without precipitating sulfate. This procedure minimizes 
turbidity and permits the direct titration of the hydroxide ion. 

Application. — This method is applicable in the examination of alkaline 
industrial waters such as boiler waters and boiler feedwaters under conditions 
where the water is practically free from organic matter, silicates and aluminates. 
If these ions arc present in concentrations very low as compared with the con- 
centration of the hydroxide ions the method may be used. It is not recom- 
mended where the concentration of these ions is high. 

Solutions Required. — The following solutions will be required : 

(fl) Acid Solution. — Hydrochloric or sulfuric acid, N/50, standardized, 
prepared from concentrated acid, reagent grade. 

(b) Strontium Chloride Solution. — 4.5 g. SrCL-GHsO, reagent grade, per 
liter of distilled water. 

(c) Phenolphthalein Indicator Solution. — 5 grams of phenolphthalein in 1 
liter of 50% solution of ethyl alcohol. 

(<f) LaMotte Purple Indicator Solution. — 1% solution. 

Procedure. — (a) 100.0 ml. of the sample containing not more than 150 
p.p.m. of hydroxide ion shall be measured into a 250-ml. Erlenmeyer flask. If 
the concentration of hydroxide is known to be higher than 150 p.p.m., a cor- 
respondingly smaller sample shall be measured. 

Note. — Thus, if the concentration of hydroxide were approximately 300 p.p.m., 
a 50-ml. sample should be measured. 

” Edited from a method prepared by Subcommittee 8 of the Joint Research Com- 
mittee on Boiler Feedwater Studies ba^ on an investigation conducted under the 
direction of this Subcommittee which was described in the research publication of the 
American Society of Mechanical Engineers, ^‘Determination of Carbonate, Phosphate 
and Hydroxide in ^iler Waters,” published in September, 1933. The same gener^ 
method, independently edited for use in the examination of stationary boiler waters, is 
included in the eighth edition of " Standard Methods for the Examination of Water and 
^wage,” published by the American Public Health Association. 
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(5) To this sample shall be added quickly 1.0 ml. of the strontium chloride 
solution for each 10 p.p.m, of carbonate ion present, 1.0 ml, for each 10 p.p.m. 
of orthophosphate ion present, and 4 ml. excess. 

Note, — If the magnitude of phosphate and carbonate concentrations in the sample 
is not known it will be necessary to add sufficient strontium chloride solution to pre- 
cipitate what is thought to be the maximum concentrations of these ions that could 
exist in the water. The excess strontium chloride will produce no interference but may 
increase the turbidity of the sample by precipitation of strontium sulfate. 

(c) A stopper shall be placed at once very lightly in the flask. The flask 
shall then be heated to boiling with the stopper in place but not allowed to boil 
for more than two or three seconds. After standing hot for two or three min- 
utes the flask shall be cooled, under water if desired. The stopper shall be 
in the flask at all times to prevent carbon dioxide from entering. 

{d) If phosphate is absent, two or three drops of the phenolphthalein solution 
shall be added and the sample shall then be titrated with the N/50 acid until 
the phenolphthalein is colorless. The sample shall be swirled steadily during 
the addition of the acid to prevent rcdissolving of the precipitate. 

If phosphate is present, two or three drops of the LaMotte Purple solution 
shall be added and the sample shall then be titrated to the endpoint of this 
indicator with the N/50 acid. A comparison blank should be used if the 
operator is not familiar with the endpoint of this indicator. The sample shall 
be swirled steadily during the titration. 

Note. — The LaMotte Purple indicator is recommended when phosphates are present, 
since in this case the phenolphthalein endpoint at a pH value of 8 fades rapidly due to 
the resolution of strontium phosphate. At the LaMotte Purple endpoint above 9.3 
this does not occur so readily. If LaMotte Purple solution of the concentration em- 
ployed as a pH indicator is used in place of the 1% solution, 1 ml. is required. 

Calculation. — The concentration of the hydroxide ion in terms of parts per 
million shall be calculated as follows: 


OII- = ^X/XF 

where S — the volume of the sample in ml., 

/ = the acid correction factor, 

V = the volume of acid in ml. used in the titration. 

Accuracy.— When the concentration of hydroxide ion is greater than approxi- 
mately 100 p.p.m. and the concentration of carbonate or of orthophosphate is 
not greater than 100 p.p.m. the values found should be accurate to within 2%. 
While the accuracy* on a per cent basis will decrease with decrease in concen- 
tration of hydroxide ion or increase in concentration of carbonate or ortho- 
phosphate, the values found should be accurate to within a few parts per million 
unless other interfering substances such as chromates, aluminates, silicates, or 
some organic materials are present. 
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TOTAL CARBON DIOXIDE 

The most accurate method for total carbon dioxide is that known as the 
evolution method which involves the decomposition of carbonates by an excess 
of acid, the carbon dioxide evolved being absorbed in a barium hydroxide 
solution of known acid equivalent. Titration of the remaining barium hy- 
droxide with standard acid coupled with a separately determined pH value 
makes possible a calculation of carbonate and bicarbonate ions. This method 
is applicable where phosphates, silicates, chromates, and aluminates are present, 
but is affected by sulfides, sulfites, and other salts of volatile acids. 

Evolution Method 

Apparatus. — A recommended form of apparatus is illustrated in Fig. 289. 
It consists of a box, open at the front, painted internally with a flat white paint 

and suitably illuminated. Upon 
this box three 50-ml. burettes are 
mounted non-rigidly by means of 
rubber stoppers fastened to the 
under side of the top. A small cir- 
culating pump sealed with* mercury 
is connected as shown so that when 
two 500-inl. Erlenmeyer flasks are 
attached to the stoppers of burettes 
B and C, a closed system is estab- 
lished. 

Solutions Required: Acid Solu- 
tions. — (A) Sulfuric acid solution, 
N/lO, standardized, prepared from 
concentrated H2SO4, reagent grade. 

(i?) Hydrochloric acid solution, 
N/50, standardized, prepared from 
concentrated HCl, reagent grade. 
20 ml. of phenolphthalein solution 
shall be added to one liter of acid 
before it is standardized. 

Barium hydroxide solution, N /50, 
prepared from Ba(0H)2-8H20, re- 
agent grade. The acid equivalent 
of this solution shall be determined 
Fig. 289.-Evolution cartenate determina- using the evolution apparatus. 

apparatus. ^ barium hydroxide 

solution shall be measured from burette A into absorption flask E, which shall 
then be securely attached to the rubber stopper on burette B. Thereafter 200 
ml. of distilled water free from carbon dioxide shall be placed in flask D, the 
pump started, and the gas circulated for about 10 minutes. The barium 

** The Determination of Total Carbon Dioxide and of Carbonate and Bicarbonate 
Ions in Water. A. S. T. M. D-19, Subcomm. II. 


A 9 C 
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hydroxide in flask E shall then be titrated with standard 0.02 N hydrochloric 
acid from burette B to the endpoint of phenolphthalein. The procedure out- 
lined also serves to calibrate the apparatus against the air in the system. 

Indicators. — (A) Phenolphthalein indicator solution. 5 g. of phenol- 
phthalein dissolved in 1 liter of 50% ethyl alcohol. (B) Methyl orange indi- 
cator solution. 1 g. of methyl orange dissolved in 1 liter of distilled water. 

Procedure; Manipulation. — (A) 50 ml. of N/50 barium hydroxide solution 
shall be measured into flask E from burette A, and flask E shall then be 
securely attached to the rubber stopper on burette B. 

{B) A 200-ml. sample of the water to be tested, containing not more than 
100 p.p.m. of total carbon dioxide, shall then be placed in flask D, phenolphthal- 
ein indicator added, and the flask attached securely to the rubber stopper of 
burette C. The hot plate shall be put into position. The three-way cock 
shall then be opened to the atmosphere and the pump started. When bubbles 
appear in flask D the three-way cock shall be adjusted to circulate gas through 
the closed system comprising flasks D and E. 

{C) With the gas circulating (to stir the solution), N/10 sulfuric acid shall 
be added from burette C to the sample in flask D until the phenolphthalein 
endpoint is reached. The amount of acid used shall be recorded. 

(D) Two drops of methyl orange solution shall then be added to flask D and 
the titration continued to the methyl orange endpoint. The amount of acid 
used shall be recorded and then 20 ml. of acid added in excess. 

(E) With the gas still circulating, the solution in flask D shall be heated 
until it just reaches the boiling point and maintained at this point for about 
5 minutes. The hot plate shall then be turned off and the circulating pump 
stopped. 

(F) The solution in flask E shall then be titrated with N /50 hydrochloric 
acid to the endpoint of phenolphthalein with constant swirling of the flask. 

Calculation. — The results shall be calculated as follows : 

(A) The concentration of total carbon dioxide in parts per million of CO 2 
shall be calculated from the expression: 

total C 02 -(A-^)X 2 . 2 X/ 

where A = volume of 0.02 N acid equivalent to volume of N/50 Ba(OH) 2 Used, 
in ml., 

B = volume of N/50 acid used, in ml., 

/= correction factor for N/50 acid. 

(B) The concentrations of carbonate and bicarbonate ions in parts per 
million of CO3 shall be estimated by means of the curves in Fig. 290. To use 
these curves, which express the respective fractions of the total carbon dioxide 
present as undissociated carbonic acid, as bicarbonate ion, and as carbonate ion, 
the pH of the original sample must be known. From the determined value of 
pH, the value of the fraction of the total carbon dioxide present as carbonate 
ion, as bicarbonate ion, and as un dissociated carbonic acid, shall be read re- 
spectively from curves a, h and c, of Fig. 290. The concentrations of carbonate 
ion, bicarbonate ion, and undissociated carbonic acid in terms of parts per 
million, shall then be calculated from the expression 
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cor -(A-R)X3X/Xa 
HCO 3 -(A-5)X3.05X/X6 
H 2 CO, = ( A - 5) X3.1 X/Xc 

where a, h, and c are the fractions deternained respectively from curves a, h, and 
c of Fig. 290 and the other symbols have the meaning defined above. 

Note. — Since the preceding method of estimating ion concentrations is based upon 
data for the ionization of carbonic acid at 25® C., the values obtained hold for this 
temperature only. At any other temperature the ion concentrations will have the other 
values, which may be calculated if the dissociation constants of carbonic acid at this 
temperature are known. 



PH 


Fia. 290. — Fraction of Total Carbon Dioxide as pH. 

Accuracy. — This method will yield results for total carbon dioxide accurate 
to 5% for concentrations as low as 10 p.p.m. of total CO 2 . 

Acidity 


For acidity use N/10 NajCOj and 250 ml. water. 


Acidity due to 

1 

Indicator, 

Hot or Cold. 

Carbonic and sulfuric acids, also Fe and AI 
sulfates 1 

Fhenolphthaleih 

Cold 

Sulfuric acid, also Fe and Al sulfates 

Phenolphthalein 

Boiling 

Sulfuric acid alone 

Methyl orange 

Cold 

When desired, 20 ml. N/10 HjSOi may be 
added. Boil fifteen to twenty minutes, cool 
and titrate, noting the excess of acidity over 
the original 20 ml. 
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Hydrogen-Ion Concentration 

It is frequently desirable to know, particularly in connection with waters 
for certain industrial uses and the filtration of supplies using alum as a coagu- 
lant, the actual reaction of the water in terms of the hydrogen-ion concentration 
in addition to the familiar titration with methyl orange which gives the total 
available alkalinity of the water and does not indicate the actual dissociation 
or pH value. The proper adjustment of the pH value along with treatment 
using alum as a coagulant is necessary for economical and efficient operation 
of this process.^® In the use of water for steam making and for certain manu- 
facturing processes the added data given by this determination are making pos- 
sible more accurate adjustments and more advantageous selection of supplies 
and treatments. 

The most accurate method for making these measurements is by means of 
the hydrogen electrode; however, colorimetric methods have proved satis- 
factory for use with water.^^ The following standard buffer solutions proposed 
by Clark and Lubs together with their recommendations for the preparation 
and use of indicators make a convenient set of standards for this purpose, 
using 10 ml. of the standard buffer solution with five drops of the indicator 
compared with the sample used in the same proportions. 


N/20 NaOH per 

Indicator pH Range Decigram 

Methyl red 4.4-6.0 7.4 

Brom thymol blue 6.0-7.4 3.2 

Cresolred 7.2-8.8 5.3 

Thymol blue 8.6-10.0 4.3 


For the preparation of these solutions one decigram of the dry powder is 
ground in an agate mortar with the corresponding quantity of N/20 NaOH. 
When solution is complete, the thymol blue and brom thymol blue should be 
diluted to a 0.04% solution and the cresol red and methyl red to 0.02% solution. 

The American Petroleum Institute recommends the following set of 
standards. 


Name pH Range Color Change 

Brom phenol blue 3. 0-4.6 Yellow-blue 

Brom cresol green 4.0-5.6 Yellow-blue 

Chlor phenol red 5. 2-6.8 Yellow-red 

Brom thymol blue 6.0-7.6 Yellow-blue 

Phenol red 6.8-8.4 YeUow-red 

Cresol red 7.2-8.8 Yellow-red 


Solutions: Af/5 Acid Potassium Phihalate . — Make up a solution of potas- 
sium hydroxide dissolving about 60 grams of a high grade sample in about 400 

J. Ind. Eng. Chem., 14, 395 (1922), 1038; Chem. Met. Eng., May 3, 1922, Vol. 26, 
No. 18; J. Am. W. W. Ass’n, Vol. 11, No. 3, May, 1924. 

Clark, The Determination of Hydrogen Ions (Williams and Wilkins, 1920). 

See also Index for additional discussion on colorimetric pH determination. 

** Clark (see note 2). 

** Code of Recommended Practice for the Treatment of Oil Field Waters. Report 
of Sub-Committee “C.” Frank M. Beeson, Chairman. D. & P. E. Bull. No. 204, p. 8. 
American Petroleum Institute. Jan. 2, 1930. 
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ml. of water. To this add 50 grams of resublimed anhydrid of orthophthalic 
acid. Test a cool portion of the solution with phenolphthalein. If the solution 
is still alkaline, add more phthalic anhydrid; if acid, more KOH. When 
roughly adjusted to a slight pink with phenolphthalein, add as much more 
phthalic anhydrid as the solution contains and heat until all is dissolved. 
Filter hot and allow to crystallize slowly. Recrystallize at least twice from 
distilled water. Dry at 110°-115°C. to constant weight, A M/5 solution 
contains 40.828 grams per liter. 

MIS Potassium Chloride. — The salt should be crystallized three or four 
times and dried at 120° C. for two days. A M/5 solution contains 14.912 
grams per liter. 

MjS Acid Potassium Phosphate. — Recrystallize three times from distilled 
water, dry at 110°~115“ C. A M/5 solution contains 27.227 grams per liter, 

Af/5 Boric Acid, MjS Potassium Chloride, — Mjo Boric acid: Recrystallize 
three times from distilled water, air dry in thin layers between filter paper and 
finally in a desiccator over CaCL to constant weight. A M/5 solution contains 
12.369 grams per liter of boric acid and 14.912 grams of potassium chloride. 

M/S Sodium Hydroxide, — Great care should be used in preparing this 
solution as free as possible from carbonate. It is preferable to use a factor 
rather than attempt exact adjustment. This solution should be kept in a 
paraflaned bottle. 

Phthalate — XaOH Mixtures 


pH 








4.4 

50 ml. 

M/5 KH Phthalate 

ii 

7.50 ml. 

M/5 XaOH 

Dilute to 200 ml. 

4.6 

50 ml. 

12.15 ml. 




4.8 

50 ml. 

il 

17.70 ml. 





5.0 

50 ml. 

ii 

23.85 ml. 

“ 

ii ii 



5.2 

50 ml. 

ii 

29.95 ml. 


ii Li 



5.4 

50 ml. 

ii 

35.45 ml. 


ii ii 


(( 

5.6 

50 ml. 

it 

39.85 ml. 




It 

5.8 

50 ml. 

ti 

43.00 ml. 





6.0 

50 ml. 

ii 

45.45 ml. 







KH 2 PO 4 — NaOH Mixtures 




6.0 

50 ml. 

M/5 im^po^ 

5.70 ml. 

M/5 NaOH 

Dilute to 200 ml. 

6.2 

50 ml. 

8.60 ml. 


ii ii 



6.4 

50 ml. 


12.60 ml. 


ii ii 



6.6 

50 ml. 


17.80 ml. 


ii ii 



6.8 

50 ml. 


23.65 ml. 

ii 

ii i( 



7.0 

50 ml. 


29.63 ml. 


ii ii 



7.2 

50 ml. 

ii 

35.00 ml. 

ii 

(( 



7.4 

50 ml. 

ii 

39.50 ml. 

H 

it ii 



7,6 

50 ml. 


42.80 ml. 

ii 

it ii 



7.8 

50 ml. 

ii 

45.20 ml. 

ii 

ti ii 



8.0 

50 mi. 


46.80 ml. 

ii 

ii ii 





Boric Acid. 

KCl-XaOH 

Mixtures 




7.8 

50 ml. 

M/5 HjBOj, M/5 KCI 

ii ii 

2.61 ml. 

M/5 XaOH 

Dilute to 200 ml. 

8.0 

50 ml. 

3.97 ml. 

ii 

n n 



8.2 

50 ml. 

li ii 

5.90 ml. 

ii 

ti it 

ft 

** 

8.4 

50 ml. 

ii it 

8.50 ml. 


ii it 

tt 

ti 

8.6 

50 ml. 

ii a 

12.00 ml. 

ii 

ii u 

it 

it 

Clark, The Determination of Hydrogen Ions (Williams and 

Wilkins, 1920). 
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8.8 

50 ml. M;5 HjBOj, M/5 KCl 

16.30 ml. M/5 NaOH 

Dilute to 200 ml. 

9.0 

50 ml. 

a u 

21.30 ml. 

Si H H (1 

9.2 

.50 ml. 


26.70 ml. “ 

a u (( a 

9.4 

50 ml. 


32.00 ml. “ 

(( (( (( u 

9.6 

50 ml. 

It u 

36.85 ml. “ 

n a {( ({ 

9.8 

50 ml. 

a a 

40.80 ml. “ 

it it it u 

10.0 

50 ml. 

li a 

43.90 ml. ‘‘ 

(t it t( 


The standard buffer solutions prepared as described above may be used as 
permanent standards. The methyl red series often deteriorates within a short 
time, but if the series is checked at frequent intervals, any change may be 
corrected. Standards using indicators other than methyl red have been used 
for four weeks before any change in color could be detected. In order to 
prevent the growth of mold, one drop of toluol may be added to each tube 
before sealing. If the tubes are corked, paraffined stoppers should be used and 
for accurate comparison tubes of equal diameter should be chosen. 

Free Carbonic Acid ^ 

Reagents. — Either standard N/10 sodium carbonate or standard N/22 
sodium carbonate. For the latter dissolve 2.41 grams of dry sodium carbonate 
in one liter of distilled water which has been boiled and cooled in a carbon 
dioxide free atmosphere. Hold both solutions in glass bottles protected by 
tubes filled with soda-lime. 

One ml. N/10 Na 2 C 03 = 2.2 milligrams CO 2 . 

One ml. N/22 Na 2 CO 3 = L0 milligram CO 2 . 

Operation. — With N/10 sodium carbonate titrate 250 ml. of sample in 400- 
ml. beaker, using phenolphthalcin as indicator. First faint but permanent pink 
denotes endpoint. 

Using 250 ml. 

No. ml. N/10 Na 2 C 03 X 8.8 = C02 parts per million. 

No. ml. N/IO NaoCOaX. 513 = 002 grains per gallon. 

With N/22 sodium carbonate solution, use 100 ml. of sample, preferably 
in 100-ml, Nessler tube, titrate and rotate the tube until faint but permanent 
pink color 30 seconds without fading is produced, using phenolphthalcin as 
indicator. 

Using 100 ml. 

No. ml. N/22 Na2CO3Xl0 = CO 2 parts per million. 

No. ml. N/22 Na2C03X.583 = C02 grains per gallon. 

Chlorine 

Titrate 100 ml. of water, using 1 ml. of 10% potassium chromate as an indica- 
tor, with N/10 AgNOs to first permanent indication of the red silver chromate. 
(Acid waters should be neutralized and sulfide waters boiled with a drop or so of 
nitric acid and then neutralized for reliable results.) 

For criticisms of this method see Z. Nahr. Genussm., 24, 429 (1912); also C. A., 
7, 38 (1913). 
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No. ml.X3.42 = grs. per gallon NaCl. 

No. ml. X 58.46 = parts per million NaCl. 

No. ml. X 35.46 = parts per million Cl. 

Note. — Where qualitative test shows chlorine to be high, smaller portions of the 
sample shoiild be taken, either by certified pipette, or burette, and when the titration 
with N/10 AgNOj is less than .2 ml., N/50 or N/lOO AgNOa should be used for accuracy. 

Nitrates 

(Also see Sanitary Analysis) 

Phenolsulfonic Acid Method 

Reagent: 1. Phenolsuljonic Acid. — Dissolve 25 grams of pure white phenol 
in 150 ml. of pure concentrated sulfuric acid, add 75 ml. of fuming sulfuric acid 
(15% SO3), stir well and heat for two hours at about 100®. 

2. Ammonium hydroxide 1:1. 

3. Sodium Carbonate. — 10% solution of anhydrous Na 2 C 03 . i 

4. Standard Nitrate Solution. — Dissolve 0.72 gram pure or c.p. potassium 
nitrate in 1 liter of distilled water. Evaporate carefully 10 ml. of this solution 
on water bath, moisten thoroughly with 2 ml. of solution No. 1 and dilute to 1 
liter. 1 ml. of this =0.001 milligram of nitrogen. 

Determination. — Carefully evaporate 100 ml. of water after the addition of 
2 ml. of sodium carbonate solution. After this evaporate to dryness, cool and 
add 2 ml. phenolsulfonic acid (No. 1), mixing well with a glas^ rod. Dilute 
with 25 ml. of distilled water and add an excess of ammonium hydroxide, mak- 
ing up to 100 ml. volume wdth distilled water. 

The dilute solution is then compared with the standard solution. 

Notes. — When the chlorides are over 100 parts per million in the original sample 
they should be removed with the addition of silver sulfate in the solid form and the 
water should be filtered prior to evaporation. It is for this reason that ammonium 
hydroxide is used to develop the color instead of potassium hydroxide, which is frequently 
recommended, as a slight excess of silver sulfate will result in a dirty precipitate when 
using potassium hydroxide, whereas the use of ammonia has no effect. Furthermore, 
the filtration of a turbid nitrate solution does not result in a satisfactory color, as w'ould 
be the case without filtration. 

Permanent standards can be made by procedure given on. page 2053, or standards 
can be made using tripotassium nitrophcnoldisulfonate. The following method is 
given in an article in J. Am. Chem. Soc., 33, 381 (1911). 

The theoretical amount of powdered potassium nitrate is added to the di sulfonic 
acid reagent in small pinches at a time (for each ml. of reagent 0.1076 gram KNO3), 
stirring thorou^y after each addition. The product is then diluted, treated with 
dry barium carinate to a deep yellow color, filtered and the precipitate washed with 
boiling water to remove the barium salt which is but slightly soluble in cold water. This 
extraction must be thorough. Filtrates and washings are united, the barium removed 
bv the addition of potassium carlxjnate until alkaline, the solution filtered and the 
mtrate concentrated and crystallized. The solution may then be easily purified by 
crystallization. In preparing the standards, however, solutions made from known 
amounts of mtrate standards will match up with this recrystallized solution, and by 
means of proper dilutions the series of standards can be made. Standards made this 
way will last for many months, whereas standards made from the standard nitrate 
solution are apt to lose value in a month’s period and should be made up very frequently. 

“ J. Am. Chem. Soc., 33, 382, 1911. 
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Where nitrates are high, 85 to 90 parts per million, or 5 grains per gallon 
and over, colorimetric methods do not always give reliable results, and 500 ml. 
of the water should be first boiled with a slight excess of acid, then made alkaline 
with sodium or potassium hydroxide, reduced .with 10 grams each of powdered 
Zn and Fe, or 10 grams powdered Al, and distilled into an excess of N/10 or 
N/lOO HCl, as the case may be, and titrated back, using cochineal as indicator, 
and calculating the ammonia absorbed to NO3 or Ca(N03)2 as desired. (Where 
free ammonia or its compounds are present corrections must be made.) 

A recent modification of this method depends upon the absorption of 
ammonia into a solution of boric acid (5 grams boric acid in 100 ml. of water). 
Due to the very weak acidity of the boric acid, it is possible to titrate the 
ammonia direct with standard acid, using methyl orange as an indicator, and 
this has the advantage of doing away with two standard solutions. The boric 
acid strength is based upon 5 grams of boric acid to 100 ml. of water to each 
,2 gram of ammonia absorbed. It is stated that even the cooled condenser is 
unnecessary in this absorption.'^® 

Ammonia and Its Compounds 

Place 500 ml. or less in an 800- ml. Kjeldahl flask, make alkaline and distill 
into M /lO, or weaker, HCl, titrate with cochineal or Nesslerize. (See Sanitary 
Analysis, page 2049.) 


Total Mineral Residue 


Use a clean weighed platinum dish. Evaporate 50 ml. (certified pipette) to 
dryness at about 130® C. and bake for at least thirty minutes at that tempera- 
ture. Ordinary water-bath temperature will not remove water of crystalliza- 
tion from Na2S04 or CaSOi. Weigh to the fourth decimal or .0001 gram. 


Weight XI 168 -grains per gallon. 
0.1 milligram — 2 parts per million. 


Residues of acid waters should be ignited to a dull red heat, Where the 
acidity is low a drop or so of sulfuric acid should be added to assure the fixation 
of all sodium and potassium salts as the sulfate. The ignition should be com- 
plete so that no free acid is left behind and to assure the decomposition of all iron 
compounds to the oxide form. In calculating, correction must be made for the 
change in the iron salts and all other compounds converted to the sulfate form 
for comparison with the sulfated residue, and then the proper corrections made 
to give the theoretical residue on the original water. 

Residues with much organic matter, after weighing, may be gently ignited 
until the carbon has been burned off, cooled, recarbonated with tested (NH4)2- 
COa, dried and again weighed. The difference in weight after titrating for 
possible volatilized chlorides gives approximately the organic matter present. 


*3 The Volumetric Determination of Ammonia. L. W. Winkler, Budapest. Z. 

angew. Chem., 26, 1, 231 (1913). , ,, , , r ttt 1 1 r 7 

Determination of Ammonia by the Boric Acid Method. L. W. Winkler, Z. angew, 
Chem., 27, 1, 630-2 (1914). . 

The Determination of Ammonia by the Bone Acid Method. E. Bernard, Z. angew, 
Chem., 27, 1, 664 (1914). 



2078 


^ WATER ANALYSIS 


Waters high in easily decomposed MgCL or Ca(N 03)2 should be evaporated 
with a few drops excess of H 2 SO 4 , or Na 2 C 03 , and the residue compared with 
an addition of all bases calculated to the sulfate form, or corrected for added 
carbonate. 


Note. — W hen acid is used, ignite to a dull red heat; when carbonate, evaporate 
as in the case of the original residue. 

Hydrogen Sulfide 

Due to the fact that hydrogen sulfide is frequently very transient and often 
oxidizes to sulfate in transit, it is advisable to collect this sample in a special 
container at the point of sampling. Two or three bottles holding exactly 250 
ml. of water each, are used, each bottle containing 50 ml. N/lOO iodine solution. 
After filling, the bottle is sealed. The sample is titrated with standard N/lOO 
sodium thiosulfate upon receipt at laboratory, at which time a blank is run, 
using oO mi. iodine solution made to mark with distilled water. The difference 
between the titration of the sample and the blank represents hydrogen sulfide 
present. 

Iodine value X 0.1263 X 4 = sulfur value grams per liter. 

When hydrogen sulfide is determined on samples already collected and sub- 
mitted, 100 ml. of the sample is oxidized with bromine (about 10 ml. is suffi- 
cient), HCI is also added, and it is then boiled until colorless, after which sul- 
fates are precipitated with BaCL as already de.scribed. The difference between 
the oxidized and unoxidized sulfates is calculated to H 2 S. 

OU 

Frequently waters from condensing engine, or after passing heaters or oil 
separators, still contain oil in small quantities. The following method has 
been found most satisfactory: 

Reagents: Feme Chloride Solution , — (10 grams of iron dissolved in 200 ml. 
HCI, oxidized with HNO3 and made to one liter.) 

Ammonia c.p. 

Operation. — Add to the water taken in a large beaker or flask 5 ml, of the 
ferric chloride ” solution and heat nearly to boiling; then add ammonia in 
excess, to precipitate the iron (which precipitate contains all the oil), and boil 
for two minutes. 

Note. — If the oil exceeds 0,4 grain per gallon, use 500 ml., or less for the deter- 
mination; if below 0.4 grain per gallon use 1 liter. 

Allow to stand a few minutes and filter through a 15 cm. filter paper which 
has been previously extracted with ether, transferring the precipitate onto the 
paper with hot water, and washing three or four times with hot water. Then 
dry both filter and precipitate in the water oven at 100® C. and when dry, 
extract with ether in the Soxhiet in the usual way, evaporate the ether extract 
and weigh the remaining oil. 

Optional Method for Oil. — Shake up the sample of water in a separatory 
funnel with 25 ml. ethyl ether or 25 ml. of benzol and separate the extract con- 
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taining the oil. Three extractions, as directed above, will remove all oil from 
the water. The solvent is expelled by warming gently and the oil is weighed. 


Dissolved Oxygen 
Use the Winkler Method 

Reagents: No. 1. Manganous Suljate Solution. — 48 grams manganous 
sulfate dissolved in 100 ml. distilled water. 

No. 2. Iodide Solution. — 360 grams NaOH and 100 grams KI dissolved in 1 
liter of distilled water 

No. 3. Concentrated hydrochloric acid, or sulfuric acid sp.gr. 1.4 {dilute 

1 : 1 ). 

No. 4, Sodium Thiosulfate Solution. — N/lOO solution is made as needed 
from the N/10 stock solution. 


Note. — Not permanent; should be frequently restandardized against N/lOO potas- 
sium bichromate. 

The addition of 5 ml. of chloroform plus 1.5 grams sodium or ammonium carbonate 
to each liter of solution on mixing will improve its keeping quality. 

N/40 sodium thiosulfate containing 6.2 grams C.P. recrystallized salt per liter may 
be preferred to N/lOO strength. 1 ml. of this solution is equivalent to 0.2 miUigram 
oxygen by weight or 0.1395 ml. oxygen by volume, standard conditions. 


5 . Starch Solution.^^'^ — The starch should first be made into a thin paste with 
cold water and about 200 times its weight of boiling water stirred in and boiled 
for a few minutes. A few drops of chloroform will assist in preserving this 
solution. 

Collection of Sample.—A small-necked, 250-ml. bottle should be used, etched 
or otherwise marked, with its exact volume previously determined. The collec- 
tion should be so arranged to exclude outside air and result in several continuous 
changes of the contents before stoppering, care being taken to exclude air 
bubbles. 

Operation.— To sample as received add, in both cases by pipette, delivering 
below surface of water and away from the air, 2 ml. solution No. 1 (manganese 
sulfate) and No. 2 (NaOH, Kl). Restopper and shake thoroughly. After pre- 
cipitate has settled add 2 ml. HCl or H 2 SO 4 and again mix by thorough shaking 
until precipitate has completely dissolved, transfer 100 -ml. to flask, and titrate 
with solution No. 4 (sodium thiosulfate), using starch as indicator near end as 
the color approaches a faint yellow. 


N - ml. N/ 100 thiosulfate solution. j r* jj j\ 

V = capacity of bottle less 4 ml. (vol. sol. 1 and 2 addea). , , . . 

0 = the amount of oxygen in parts per million in water saturated at the same tem- 
perature and pressure, 

« Ber., 21, 2843 (1888). Also Z. Anal. Chem,, S3, 665-72 (1914); C.F.C.A., 8, 674 
fl915) 

“ Hale gives the following method. “ Rub 5 grams of i»tato starch with cold water 
to a thin paste together with 10 milligrams of mercuric iodide. Pour mto one hter of 
boiling water and boil half an hour." 
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^ . 0.0008NX 1,000,000 ^ 

(1) Oxygen m p.p.m. = ^ ^ =.SN “ 

(2) Oxygen in ml. per liter = .7 oxygen p.p.m. 

O^gen p.p.m. (observed temp, and pres.) X 100 

Saturation oxygen p.p.m. (observed temp, and pres.) 


(3) Oxygen per cent saturation = 


METHODS FOR THE DETERMINATION OF SMALL AMOUNTS 
OF LEAD, ZINC, COPPER AND TIN 

Very frequently a determination is desired of materials which are apt to be 
present in water due to the solvent action of such water upon pipes and con- 
tainers. In most cases the estimates are made by colorimetric methods if the 
amounts present are exceedingly small. As these determinations are made only 
in rare cases it seems advisable to summarize, calling attention to the fact that 
all methods may be found in full in any of the editions of Standard Methods for 
Water Analysis gotten out by the American Public Health Association. 

Where any or all of the metals, lead, zinc, copper and iron are apt to be 
present, a large quantity (1 to 4 liters), of the water is evaporated. The metals 
are separated as sulfides with ammonia and hydrogen sulfide. The precipitate 
after washing is dissolved in nitric acid and refiltered to remove suspended 
matter and then concentrated with H2SO4. 

The lead is removed by taking up the concentrated solution with 50% alcohol 
(100 ml. to 150 ml.), filtering and dissolving the precipitate in ammonium ace- 
tate, after which the solution is made to volume and divided. One-half is 
saturated with hydrogen sulfide water to get an approximate idea of the amount 
of lead present. To the other half add two to three drops of acetic acid, then 
an excess of hydrogen sulfide water and compare the color with standards. 
This gives lead. 

The alcohol is removed from the filtrate by evaporation and it is then treated 
with ammonia to remove possible iron. The filtrate from the iron precipitate 
is neutralized with H2SO4, then 2 ml. concentrated HaS04 and 1 gram urea 
added. Copper is removed by electrolyzing (two hours with 0.5 ampere cur- 
rent). If the deposit is material it may be weighed as copper after washing with 
alcohol and drying. When the deposit is extremely small it should be dissolved 
in nitric acid, evaporated to dryness to remove acid taken up in water, after 
which potassium sulfide solution is added and the color compared with stand- 
ards. This gives copper. 

“Correcting for displacement for SOO-mi. bottle, .SN^.SllN: for 275-ml. bottle, 
.8N-.812N. 

No correction for displacement affects result .1 p.p.m. oxygen. 

Twenty-five ml. variation in capacity of bottle affects result .01 p.p.m. ojwgen. 

The above formula are based upon N/lOO thiosulfate, and titrating 100 ml. volume. 
N — milliliters thiosulfate used. 
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The solution from the above is nearly neutralized with ammonia. It is 
then concentrated and 2 grams potassium oxalate and 1.5 grams potassium 
sulfate are added and the zinc removed by electrolyzing. (Three hours with 
0.3 ampere current.) This gives zinc. 

Where copper only is desired it is frequently sufficiently satisfactory to con- 
centrate the water from 50 ml. to 75 ml, after which it is acidified with 2 to 5 ml 
concentrated H2SO4, depending upon whether the water is very alkaline with 
carbonate of lime, etc., and then the procedure for copper is followed 

There is no satisfactory method for the quantitative determination of small 
quantities of tin. In the above-mentioned procedure, however, in case tin 
should be present it would be removed with the ammonia precipitate for the 
removal of iron and its presence may be avoided by dissolving the sulfides in the 
original precipitation in HNOs, in which the tin would remain behind insoluble. 


HARDNESS 
Total Hardness 

The most accurate method for total hardness is by calculation of the calcium 
and magnesium determined gravimetrically as previously outlined, calculating 
the calcium as calcium carbonate and the magnesium to its calcium carbonate 
equivalent in terras of parts per million However, where only the hardness is 
desired, gravimetric methods are cumbersome and the following are accepted as 
standard. 

The standard method for the determination of total hardness, as well as 
temporary and permanent, depends upon the action of the lime and magnesia in 
solution upon soap, the soap added in a very dilute solution in alcohol . Total 
hardness represents the total soap acted upon by the water in its original state, 
permanent hardness represents the total soap acted upon by the water after the 
water in question has been thoroughly boiled and separated from the suspended 
matter, and temporary hardness represents the difference between the total 
hardness and the permanent hardness, and while it is supposed to represent 
combined carbonates of lime and magnesia, and the permanent hardness is 
supposed to represent lime and magnesia in other forms than carbonate, this is 
rarely so due to the fact that a certain material amount of carbonate of lime 
and magnesia is soluble in water, even in the absence of carbon dioxide gas. 

The hardness is considered entirely due to Ca, when the amount of soap 
used is calculated. The errors due to Mg and Fe present are not considered; as 
a rule the blank on distilled water equivalent to the amount of sample is not 
considered. 

Preparation of Solutions: The reagents used are standard soap solxUion and 

Phelps, J. Amer. Chem. Soc., 28, 369 (1906). 

“ C. Bahlmann, J. Ind. Eng. Chem., <5, 209, 11 (1914). 

“ Errors in the Clark Method for Determining Hardness, George G. Town, J. Am. 
Water Works Assoc., 21, 1395 (1929). 
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standard calcium chloride solution, the latter being made under such conditions 
that 1 ml. of the solution is equivalent to 0.2 milligram of calcium carbonate. 

Standard Calcium Chloride Solution. — 0.2 gram pure calcium carbonate is 
dissolved in a small amount of dilute HCl, taking pains to avoid any loss due 
to effervescence or spattering. Evaporate the solution to dryness several 
times to remove excess acid. Dissolve in distilled water and make up to 1 liter. 

Standard Soap Solution is obtained by dissolving approximately 100 grams 
dry Castile soap in 1 liter 80% alcohol. This solution should stand several days. 
For standardizing this solution should be diluted with alcohol (70% to 80%), 
until 6.4 ml. when added to 20 ml. of standard calcium solution will produce a 
permanent lather. Usually less than 100 ml. of the original soap solution will 
make 1 liter of standard solution. 

For plant control, and to simplify calculations, 58.3 ml. is frequently the 
quantity taken, and the soap solution standardized so that 4.5 ml. = 20 ml. 
standard CaCh; a correction by subtracting 0.5 from all readings is made, and 
in the resulting figure 1 ml. will be equivalent to 1 mg. CaCOa. If the standard 
soap solution is used and the figures to read in grains per gallon are desired, 
take 41 ml. of sample and subtract a correction of 0.7 ml. from the reading 
obtained. 

For standardizing, use 250-ml. glass-stoppered bottle, add 20 ml. calcium 
solution ^sdth 30 ml. distilled water. The soap solution should be added from 
a burette, approximately .2 ml. at a time, after which the bottle is shaken 
vigorously until the lather formed remains unbroken for five minutes after 
shaking and after the bottle has been placed upon its side. 

Note. — Pure potassium oleate may be used in place of soap.^** 

Operation. — Fifty ml. of the w^ater in question are measured into a 250-ml. 
bottle, the soap solution added, approximately .2 ml. at a time, and in the same 
manner as described for the standardizing of said soap solution. The following 
table, copied from p. 33, Standard Methods of Water Analysis, A. P. H. A., 1913, 
may be used to obtain the total hardness from the results so noted : 


TABLE OF HARDNESS SHOWING THE PARTS PER MILLION OF CALCIUM 
CARBONATE (CaCO,) FOR EACH TENTH OF A MILLILITER OF 
SOAP SOLUTION WHEN .50 ML. OF THE SAMPI.E ARE USED. 


ml. of Soap 

0.0 

0,1 

0.2 

0.3 

; 0.4 

0..5 

0.6 

0.7 

0.8 

0.9 

Solution. 

ml. 

ml. 

ml. 

ml. 

i 

ml. 

ml. 

ml. 

ml. 

ml. 

0.0 








0.0 

0.6 

3.2 

l.O 

4.8 

6.3 

7.9 

9.5 

ii.i 

12.7 

14.3 

15.6 

16.9 

18.2 

2.0 

19.5 

20.8 

22.1 

23.4 

24.7 ' 

26.0 

27.3 

28.6 

29.9 

31.2 


32.5 

33.8 

35.1 

1^1 

37.7 , 

38.0 

■Rll 

41.6 

42.9 

44.3 


45.7 

47.1 

48.6 

50.0 

51.4 

52.9 

54.3 

55.7 

57.1 

58.6 


Bl 

61.4 

62.9 

64.3 

65.7 

67,1 

68.6 

70.0 

71.4 

72.9 


74.3 

75.7 

77.1 

78.6 


81.4 

82.9 

84.3 

85.7 

87.1 


88.6 


91.4 

92.9 

1 94.3 

95.7 

97.1 

98.6 

100.0 

101.5 


C. Blacher, Chem. Ztg., 36, 541 (1912); J. Soc. Chem. Ind., 31, 555 (1912); C.A., 
7, 1394 (1913); C. Blacher, P. Gruenberg, M. Kissa, Chem. Ztg., 37, 56-8 (1913); C.A., 
7, 1938 (1913). L. W. Winkler, Z. Anal. Chem., 53, 409-15 (1914); C.A., 8, 2912 (1914). 
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It is not desirable to use more than 7 ml. of soap solution for 50 ml, of the 
water, and when the figures are higher, the water should be diluted with distilled 
water. The reading in the table corresponding to the ml. of soap solution 

used is then multiplied by the quotient — x ml. being equal to the amount 

X ml. 

of water taken. In making this determination there is frequently noted a false 
end-point sometimes known as the magnesium end-point. To avoid error, it 
is advisable, after completing the titration, to read the burette, add 0.5 ml. 
more of the soap solution and shake well. If magnesium has been responsible 
for the false end-point, after such addition the later will again disappear, and 
titration should be continued until a new and true end-point is reached. It is 
advisable to determine the strength of the soap solution from time to time, as it 
is very prone to change upon standing. Results should be recorded in terms of 
calcium carbonate, parts per million. There are various other means of report- 
ing. The English degree frequently noted as Clark degree, represents grains 
calcium carbonate per Imperial gallon and should be multiplied by 14.3 to give 
parts per million. Conversely, the result obtained in parts per million divided 
by 14.3 will give Clark, or English degrees. French degrees represent parts 
per 10Cr,000 calcium carbonate and should be multiplied by 10 to give parts per 
million. Conversely, division of the result obtained above by 10 will give 
French degrees. German degrees represent parts per 100,000 calcium oxide 
and should be multiplied by 17.8 to give parts per million calcium carbonate. 
The determination of hardness is not reliable on account of the varying action 
of calcium and magnesium salts, and should never be resorted to when possible 
to determine these bases direct. 

Note. — Dr. Hale claims that the soap method for hardness in skilled hands is 
accurate from 10 to 15 parts per million on waters as hard as 300 parts. 

For permanent hardness the standard soap solution is used as aboA^e stated. 
The water, however, is boiled gently for one-half hour, allowed to cool^ made to 
volume Avith boiled and cooled distilled water and filtered, after which the above 
method is used. The difference between total hardness and permanent hard- 
ness is supposed to represent temporary hardness. The alkalinity determina- 
tion given on a previous page is a much more accurate method of determining 
temporary hardness, however, and is also much more easily carried out. When 
total hardness and alkalinity are determined, permanent hardness Avould be 
the difference between these tAvo figures. For comparative use as against total 
and permanent hardness determined as such, the results would be much differ- 
ent, as the alkalinity determination of all the carbonates would give a permanent 
hardness representing absolutely non-carbonate hardness; whereas the deter- 
mined permanent hardness Av'ould contain a material amount of cornbined 
carbonates of lime and magnesia. The American Public Health Association, 
Committee on Standard Method of Water Analysis, recommend that the 
determination of permanent hardness by the soap solution be discontinued in 
connection with softening process, as it is so unsatisfactory in general practice. 

Magnesium Chloride 

Frequently, when hypothetical combinations are used it is desired to check 
up these calculated combinations by some chemical method. Magnesium 
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chloride is frequently produced in the course of hypothetical combinations and 
its presence is as frequently a source of much trouble in the determination of a 
mineral residue, owing to the ease with which it decomposes or carbonates. A 
method is suggested whereby a second 50 ml. portion similar to the total mineral 
residue is exactly neutralized with sufficient H 2 S 04 , the amount to use being 
calculated from the total alkalinity obtained elsewhere. The solution is al- 
lowed to go to complete dryness, is baked at a temperature of 280° F. to 300° F., 
and after being cooled the chlorine is titrated. The difference between the 
chlorine thus determined and the total chlorine previously determined repre- 
sents chlorine lost by volatilization as magnesium chloride. In the absence 
of organic matter this method is approximately accurate. Where organic 
matter or other reducing material is present, however, the results are not so 
satisfactory. 

Calcium Sulfate 

In a similar manner it is frequently desired to know whether or not a water 
would contain calcium sulfate, and a method of comparative satisfaction de- 
pends upon the evaporation of 250 ml. to 500 ml. of the original water to dryness. 
After cooling, 10 ml; of distilled water are added and the mineral matter loosened 
from the sides of the dish and partially dissolved. Ten ml. of 95% alcohol are 
then added and 100 ml. of 50% alcohol. After thorough stirring and solution 
this material is filtered, the precipitate washed with 50% alcohol and the filtrate 
made to volume, divided and tested for calcium and suKates in the usual 
manner. The method is only approximate. 


LIME AND SODA VALUE « 

Two very simple methods have been devised for the rapid estimation of the 
amount of lime and soda-ash necessary for softening, when water treatment is 
considered from the outside softening-plant point of view. 

Value for Lime 

Reagents: Saturated lime water (strength to be known for each series of 
determinations). N/IO hydrochloric acid. 

Process. — Take 200 ml. of the water in question ; add 50 ml. saturated lime- 
water solution in 250-ml. volumetric flask and heat to boiling. Allow to cool. 
Fill to the 250-ml. mark with water to replace that lost by evaporation ; filter 
through a dry-folded filter and titrate 200 ml. of the filtrate with N/10 acid, 
using methyl orange as an indicator. 

For calculation, let a equal number of ml. N/10 calcium oxide in 50 ml. 
the lime water, as determined: and let b equal the number ml. N/10 hydro- 
chloric acid used in determination. 

" Drawe, Zeit. angew. Chem., 23, 52 (1010). 
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(4a — 56) X3.51 CaO will give milligrams of lime per liter required to soften 
the water, tested. 

Value for Soda 

To the neutralized 200 ml from above titration, add 20 ml N/10 sodium 
carbonate. Heat to boUing. Transfer with CO 2 free distilled water into a 250- 
ml flask to make up to mark with washings from the dish; mix thoroughly and 
filter, collecting 200 ml of the filtrate in a beaker. Titrate with N/10 hydro- 
chloric acid for the excess alkali. Designate the number of ml. in this titration 
by c. 

Formula; (20— 6 — |c) X33,13 Na 2 C 03 = milligrams of soda per liter neces- 
sary to soften water in question. 


Note. — Both formulse are based upon C. P. chemicals, and corrections must be 
made for the value of the commercial materials in use. These methods are valuable, 
though for actual practice it is advisable to try out on a liter of water in question, 
using the calculated amounts of lime and soda for experimental purposes. 


METHODS OF REPORTING AND INTERPRETATION 

The manner of reporting the results of a mineral analysis of any water calls 
for as much thought and uniformity as the methods of analysis themselves, and 
in this department there is much less uniformity than in the case of analytical 
methods. Undoubtedly, the ideal method of reporting is that which gives 
results in ionic form (positive and negative radicals), in terms of parts per mil- 
lion or grains per gallon. The latter term is purely American and would have 
to be converted for comparison with results obtained in almost any foreign 
country. Parts per million, though newer and still unfamiliar to all but pro- 
fessional and scientific men, is gaining gradually a strong foothold, and the 
consideration of this terminology with the ionic form of reporting wHl be con- 
sidered prior to the discussion of hypothetical combination and grains per 
gallon. 

Mr. Herman Stabler,®^ and R. B. Dole,** of the United States Geological 
Survey, have devised and simplified certain calculations and formulas, which 
greatly assist in the interpretation, comparison, and classification of waters for 
Industrial and Irrigation *^ purposes. Formulas with reference to dissolved 
solids will be the only ones discussed here. The following table gives reaction 
coefficients : 

“Eng. News, 60, 355 (1909). 

** Water Supply Paper No. 274, p. 165, Water Supply Paper No. 254, J. Ind. Eng. 
Chem., 6, 710 (1914). 

“ U. S. G. S. W. S. Paper, 274, p. 177. 
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Positive Radicals. 

Reaction 

Coefficients, 

Negative Radicals. 

Reaction 

Coefficients. 

Ferrous Iron (Fe) 

Aluminum (Al) 

Calcium (Ca) 

Magnesium (Mg) 

Sodium (Na) 

Potassium (K) 

Hydrogen (H) 

0.0358 

.1107 

.0499 

.0822 

.0435 

.0256 

.992 

Carbonate (CO3) 

Bicarbonate (HCO3) 

Sulfate {SO4) 

Chlorine (Cl) 

Nitrate (NO3) 

0.0333 

.0164 

.0208 

.0282 

.0161 


Using the above table, the parts per million of each radical multiplied by its 
reacting coefficient will give its reacting value, and in the formulas which follow 
this w’ill be indicated by r prefixed to the chemical symbol of the radical. 

For checking the accuracy of the analysis, the sum of the positive reacting 
values should equal the sum of the negative reacting values, and the formula, 
T Pos ■“ r Negi 

100—— — E, the percentage error of the analysis. The value of this 
rPos.+rxseg. 

error should never exceed 5 for waters of 100 p.p.m, or more dissolved solids, and 
should be 2 or less. 

In ordinary analysis, silica, iron and aluminum are present in such small 
quantities that they ftay, for simplicity’s sake, be ignored. The following 
formulas are given without comment, as full details can be found in Water 
Supply Paper No. 274. 


Water Softening 

For 1000 Gals. Water. — Pounds lime (90% CaO) required 

= 0.26(rFe +r A1 d-rMg+rH +?-HC03 + .0454 CO2). 

Pounds soda ash (95% NaaCOs) required 

= 0.465(rFe+rAl4-rCa+rMg-|-rH“rCO3— rllCOa). 

Note. — Dr. Hale states the following. “ Instead of the extended formulas of the 
ionic system, I much prefer my simple formulae. 

(AlkalinityX.44+free COj)X. 0106 = lbs. CaO per 1000 gals, feed water. 

Also (Total hardness— total lime) X. 0047 = lbs. CaO per 1000 gals, feed water, 
or total magnesia as CaCOj, 

(Total hardness— alkalinity)X. 009 = Iba. XaiCOj per 1000 gals, feed water. 
Expressed as CaCOj.” 


Foaming and Priming 

Foaming coefficient F = 2.7 Na, 

Taking into consideration the various boilers and the action of various 
waters in practice, the following approximate classification of waters for foaming 
conditions is of value : 


Non-foaming, F = 60orless. 
Semi-foaming, F = 60-200. 
Foaming, F = 2(K) or more. 
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Corrosion 

For Acid Waters 

Coefficient of corrosion C==1.008(rH+rAl+rFe+rMg— rCOa— rHCOs). 

For Alkaline Waters 
C = rMg-rHC03. 

If C is positive, water will corrode. 

If C H- .0503 Ca is negative, water will not corrode on account of the mineral 
materials in the water. 

If C is negative, but C+.0503 Ca is positive, the water may or may not 
corrode. 

Scale 

Si02+2.95 Ca-f 1.66 Mg-scale p.p.m., 
or 

35 (.00833 Sm+.00833 Cm+.3 rFe + .142 rAl) + .168 rMg+.492 rCa 

= scale lbs. per 1000 gallons. 

There are also formulas given in the above-mentionet^ Bulletin on soap cost, 
lime, soda, soda ash, cost hard scale (pounds per 1000 gallons) and a hardness 
coefficient of the scale formation. 

Hypothetical Combinations 

The use of hypothetical combinations in the reporting of a mineral water is 
frequently of value, in that it gives a more rapid way of placing in simpler terms 
the principal materials present in the water. It should never be assumed from 
the hypothetical combinations that the materials so reported are present in the 
water in that particular form, but it is assumed by rnost, that the form in which 
such materials are reported will represent the condition in which those materials 
will combine when the water is subjected to increased pressure and increased 
temperature. In other words, the hypothetical combinations most generally in 
use represent the way materials will appear when combined, due to the law of 
mass action under steam-boiler conditions. 

For such purpose the method which takes care of the insoluble materials or 
materials leaving the water first is the most common method in use. This 
method combines as follows: Where the sum of the sulfate and carbonate radi- 
cals exceeds that of lime and magnesia as bases, the magnesia is first calculated to 
carbonate, the remaining carbonate is combined with lime, the remaining lime 
with sulfate and the remaining sulfate with sodium. This also takes care 
of the general condition where the carbonates alone are m excess of the com- 
bined carbonates of lime and magnesium, in which case the remaining carbonate 
naturally would be calculated to sodium and all the sulfate, as well as chloride, 
also, calculated to sodium. Where, however, the sum of the bases is greater 
than the sum of the carbonate and the sulfate radicals, two possible conditions 

»Can omitted or ignored unless suspended matter, silica, etc., are present in 
large quantities. 
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or combinations exist. Where magnesium chloride is present in the water, the 
sum of the acids calculated to the soda radical should be greater than the total 
mineral residue. Partially decomposed magnesium chloride is indicated in this 
way, also the fact that magnesium chloride has a lower molecular weight than 
sodium chloride, which condition would be indicated in such a comparison. 
When this case exists, the sulfate is first calculated to calcium, the remaining 
calcium to carbonate, the remaining carbonate to magnesium, the remaining 
magnesium to chloride, the remaining chloride to sodium. Where the total 
mineral residue is greater than the sum of the acids and where nitrates are 
present, we then have nitrate of lime, which is assumed to be present rather 
than magnesium nitrate, and the calculations are as follows: All the sulfate 
is calculated to lime, all the magnesium to carbonate, the remaining carbonate 
to lime, the remaining lime to nitrate, the remaining nitrate to sodium, and all 
the chlorides to sodium. In acid waters naturally the lime and magnesia, as 
w’ell as the iron and aluminum, are calculated to the acid present in the greatest 
excess. These methods of calculation will give certain materials frequently 
found in scale formation and materials frequently supposed to cause certain 
characteristic troubles in either steam or domestic usage. It is possible in a 
purely qualitative way to judge or interpret the water on the basis of the lime 
and magnesium salts, for incrustation, and of the alkali salts for other troubles 
in boiler practice, also from the standpoint of irrigation, the various forms of the 
alkali salts as black and white alkali, without the necessity to use the formulas 
already considered. 

Field Assay of Water 

Mr. R. B. Dole has published in Water Supply Paper No. 151, of the U. S. 
Geological Survey, field methods for the assay of water in which tablets of known 
value are used for the determination of chlorides, carbonates, sulfates and iron. 
In this type of assay, a given amount of the water is taken and tablets are added 
to the water until certain definite reactions take place, when the number of 
tablets used is estimated and an approximate value obtained. The error in such 
work varies from 3 to 15%, but the results of the test give valuable, if not 
accurate, information. 


BOILER ROOM CONTROL METHODS 

Within recent years it has become recognized that many things happen in a 
boiler which makes it very inadvisable to depend absolutely upon pre-boiler 
control of water conditions. The actual condition of the water in the boiler 
brought about by operating conditions, elements of contamination, and change 
in return water, etc., have made it essential that testing methods for use with 
water collected from the boiler itself and tested immediately in or near the 
boiler room are very desirable. Many things have been published recently 
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which are slowly clearing up some of the fog which has handicapped the under- 
standing of what goes on in the boiler. Research work relative to solubilities 
at high temperatures and pressures, to the proper working of mass action in 
boiler waters have established certain fairly definite rules the observance of 
which can result in a fairly general freedom from boiler water troubles. The 
methods from which information as to the water^s condition would be gained, 
must be methods calling for no special agents such as intense heat, and fall 
into the classification of volumetric or turbidimetric methods. In the power 
plant the presence of excesses in the boiler water of sodium carbonate, caustic 
soda, the phosphate radical, the sulfate radical, and chloride radical have neces- 
sitated control tests which must be approximately accurate, although they are 
not tests that would compare with the methods already given, which should be 
considered standard. In the determination of alkalinity, both caustic and 
carbonate, there has been no great difference from tbe standard method. The 
use of the two indicators, phenol phthalein and methyl orange, is most general, 
but the quantities tested for the most rapid results are 58.3 ml. or a fraction 
thereof, and the acid used is N/50. The results read from the burette are 
directly in grains per gallon. Where other interfering agents, like phosphates, 
are present, the first titration using phenolphthalein is frequently modified by 
adding a small amount of 10% barium chloride, and then without filtering, and 
in the presence of the precipitate, a titration is made to the disappearance 
of the phenolphthalein red. For the determination of chlorides the regular 
chlorine method is used, but due to the fact that the sample is fre- 
quently alkaline with caustic soda, the sample must be neutralized before 
carrying out the titration. This chloride test gives indirect rather than direct 
information. It is used to watch boiler concentration on the assumption that 
the chlorides will concentrate uniformly regardless of treatment for calcium 
and magnesium impurities, and their increase over the amount present in the 
original supply will bear some sort of relationship to other constituents in the 
boiler water. As a rule additional work must be done through a competent 
livboratory so that several chlorine determinations can be compared in their 
relationship to total solids and complete boiler water composition. From this 
information a factor can usually be obtained for use with results of later control 
tests. As the alkalinity would be variable the mathematics would be as follows : 

Total Chlorine Determination as Sodium Chloride XF = Total Solids, 

where F represents the factor of relationship between chlorides and concentra- 
tion, and M represents methyl orange or total alkalinity. 

There is a great deal of publicity and interest in boiler water conditioning 
using meta-phosphates, and the presence of slight excess^ of phosphate is 
important so that rapid methods have been worked out. 

There are two, one a modification of a colorimetric method, the other a. 
modification of the molybdate precipitation, both of which are of interest. The 
first method is that recommended by F. G. Straub. It is a modification of a 
very rapid and delicate colorimetric method, and aside from requiring five 
solutions, one of which is standard, and two of which must be carefully cared 
for, is available for field or boiler room control. The method follows.* 
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Solutions 1®* Molybdic Acid Solution . — Dissolve cold 125 g. of pure ammo- 
nium molybdate in about 2 liters of phosphate-free distilled water; add 75 ml. 
of concentrated H2SO4 slowly; make up to 2)^ liters (roughly), A slight blue 
coloration does not hinder the use of this solution. 

HydToquinone Solution . — Dissolve 50 g. of c.p. hydroquinone in about 2]/^ 
liters of phosphate-free distilled water and add 3 ml. of concentrated H2SO4. 

Carhonate-'Sulfite Solution . — To 6 liters of distilled water add 1500 grams of 
com. soda ash; dissolve 225 g. of sodium sulfite in 155 ml. of water and add. 

Stock Solution of Phosphate . — Pure moiiopotassium phosphate finely 
ground is dried at 105° C. for three hours, cooled, and kept in desiccator. 
0.1432 gr. is dissolved in distilled water, 5 ml, of cone, H2SO4 added, and made 
up to 1 liter with distilled water; 1 ml. of this solution contains one-tenth of a 
milligram of PO4. 

Sulfuric Acid Solution . — Add 300 ml. of concentrated H2SO4 to about 
2200 inl. of distilled water and label H2SO4. 

Determination of Phosphate 

Measure 50 ml. of the filtered sample of boiler water into a 250 ml. vol- 
umetric flask, and add 10 ml. of sulfuric acid. To the flask 5 ml. of molybdic 
acid are added, followed by 5 ml. of hydroquinone solution. After five minutes, 
15 ml. of the carbonate-sulfite solution are added, mixed and the flask made up 
to volume. 

Measure 10 ml. of standard phosphate solution by a pipette into a 250 ml, 
volumetric flask and 20 ml. into a second flask; 40 ml. of distilled water are 
added to the first and 30 to the second, followed by the procedure in the 
determination of phosphate. 

Place the flask containing the sample of boiler water between the two flasks 
containing the standard solutions and compare colors. If the color is lighter 
than the flask containing the 10 ml. it contains less than 20 p.p.m. of PO4. 
If it is between the one containing the 10 ml. and the one containing 20 ml., 
it has between 20 and 40 p.p.m. If it is darker than the one containing 20 ml. 
it contains over 40 p.p.m. 

Different maximum and minimum values may be established by changing 
the amount of standard phosphate solution used. 

The presence of certain organic matter which gives marked color or high 
iron content will interfere with this phosphate determination. The color is 
not permanent; consequently, comparisons must be made within 15 minutes 
after the addition of sodium carbonate solution. 

The second method is that recommended by the Hall Laboratories in con- 
nection with their system of boiler water conditioning. In this determination, 
the temperature of the sample is unimportant; in fact time can be saved by 
carrying out the determination on the hot sample. 

Reagents:*^ Special Ammonium Molybdate Reagent. Solution A . — Place 
in a beaker 50 grams of 85% molybdic acid and mix it thoroughly with 120 

* Control of Boiler Water Treatment to Prevent Embrittlement. F. G. Straub. 
Mech. Eng., p. 366-7, 

^ Phosphate Control Methods of the Hall System of Boiler Water Conditioning. 
Hall Laboratories, Pittsburgh, Pa. 
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ml. of distilled water. Add to the mixture slowly and with constant stirring 
70 ml. of ammonium hydroxide (NH4OH) sp.gr. 0.90. Filter, and then add to 
filtrate slowly and with constant stirring 30 ml. of concentrated nitric acid 
(HNO3) sp.gr. 1.42. 

Solution B . — Add 200 ml. of concentrated nitric acid (HNO3) sp.gr. 1.42 to 
480 ml. of distilled water. 

When the solutions are cold add Solution A to Solution B slowly and with 
constant stirring. Add to the mixture 0.05 gram of ammonium phosphate 
(NH4)2HP04 dissolved in 10 ml. of distilled water. Shake and let stand for 
at least 24 hours, when the precipitate that has formed will have settled out. 
The clear solution is now ready for use. 

Potassium titrate , — Crystalline c.p. grade. It is important that this 
chemical be phosphate free. 

Determination of Phosphate (Buromin) 

Measure out approximately 125 ml. of the boiler water to be tested and 
transfer it to a 250 ml. flask. Add to this one-half teaspoonful (approximately 
5 grams) of the potassium nitrate and heat up to nearly the boiling point. In 
order to flocculate the suspended matter, the flask is then removed from the 
hot plate and allowed to stand for a few minutes.t Then filter 100 ml. of the 
sample. It is important that the filtered sample be entirely free of any sus- 
pended material. If the liquid first passing through the filter is not perfectly 
clear, return it to the main body of the sample and continue filtration through 
the same paper. For this test a good grade of filter paper, such as Munktell’s 
IF, is essential. The 100 ml. of filtered sample is then heated to active boiling 
temperature and poured at boiling temperature into the Hagan Phosphate 
Gauge. 10 ml. of the special ammonium molybdate reagent is then added 
and the contents thoroughly mixed by shaking with a swirling motion. Air 
bubbles in the capillary stem must be eliminated by opening the stop cock and 
allowing a little of the liquid to flow through. This liquid is collected and 
returned to the gauge. If phosphate is present, a bright yellow precipitate will 
form, and gradually settle into the capillary stem. Allow the sample to stand 
for half an hour, giving the gauge an occasional swirling motion to bring all 
the yellow precipitate down into the stem. The depth of the yellow precipitate 
is read off in divisions of the calibrated stem. 


Sulfate 

The other determination is that involving sulfate and it is important from 
several angles. First it is of value in the control of embrittlement, and it is 
still one of the inhibiting agents depended upon most strongly and also, where 
other methods are employed, it is of value in connection with the use of sodium 
sulfite as an absorbent of oxygen for the elimination of gas corrosion. Two 
methods are of special interest in this case, one a turbidimetnc method the 
other a colorimetric method, which is quite new at this time, but which has 
attracted a great deal of favorable attention. In the turbidimetnc method 
many mechanical devices are used in the obtaining of the ultimate readmg 
which is based upon the intensity of turbidity necessary to just make impossible 
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the detection of light passed through & stsnd&rd Opening, The procedure 
necessary to produce the turbidity is all that will be given. 

Procedure Reagents. — Standard salt-acid solution, 240 grams of sodium 
cWoride plus 20 ml. of hydrochloric acid (sp.gr. 1.19) per liter. This solution 
must be filtered until a zero turbidity is obtained. Barium chloride (BaClr 
2H2O) 20' to 30-mesh crystals. 

Method. — If the sulfate content is below 50 parts per million a 50 ml. 
sample is taken and the test made in the 20 mm. cell. With a 50 ml. sample, 
10 ml. of the standard salt-acid solution are added. If the sample contains 
between 50 and 100 parts per million of sulfate, a 25 ml. sample is taken in a 
10 mm. cell and 5 ml. of salt-acid solution are added. To the sample is added 
0.29 gram of 20- to 30-raesh barium chloride crystals measured by a standardized 
cup. The solution is stirred for exactly 1 minute, the plunger tube inserted, 
and readings are taken 4 to 6 minutes after the precipitation. An average of 
two readings is taken and the reading obtained compared with values from the 
standard curve to obtain the sulfate content of the sample. An initially turbid 
solution must either be filtered or a blank reading made, in terms of sulfate, 
before the precipitation of the barium sulfate. 

The second method is known as the T. H. Q. method, and is worthy of con- 
siderable attention. The indicator and full details must be obtained from the 
Betz Laboratories, Philadelphia, Pennsylvania.^® 

The indicator used throughout this study was manufactured in the Betz 
Laboratory and considerable quantities of this material have been supplied to 
the field. 

Detailed directions arc given below for a determination of sulfate by direct 
titration using T. H. Q. as the indicator. 

Materials and Reagents. — Standard barium chloride solution, the strength 
varying from 1 ml. = 1 mg. of SO4 to 1 ml. = 50 mg. of SO4, standardized gravi- 
metricaUy. An indicator composed of disodium tetrahydrozyquinone ground 
with dried potassium chloride in a 1 to 300 ratio, and passing a 100-mesh screen. 
Ethyl alcohol or alcohol denatured by formula No. 30 or No. 3- A, or isopropyl 
alcohol and bromcresol green indicator (if phosphates are present). Sodium 
chloride crystals c.p. 

Procedure A. — Carefully neutralize a 25 ml. sample containing up to ap- 
proximately 2000 p.p.m. of SO4 with approximately 0.02 N hydrochloric acid 
until just acid to phenol phthalein. The temperature of the sample should be 
below 35® C. and it is advisable to work between 20° and 25° C. Add either 
25 ml. of ethyl alcohol or alcohol denatured by formula No. 30 or No. 3- A or 
isopropyl alcohol. Introduce the T. H. Q. the amount to be determined from ' 
Table I. It is best to use a small cup to measure the mixture. Swirl flask to 
dissolve the T. H. Q.; the solution will be colored a deep yellow. Titrate with 
standard barium chloride solution, the strength to be employed depending on 
the approximate sulfate content of the sample, in accordance with Table 1. 
Add the standard barium chloride at a steady dropping rate with a constant 
swirling of the flask until the yellow color changes to a rose. The rose color 

“ Turbidimetric Determination of Sulfate in Water. R. T. Sheen, H. L. Kahler, 
and E. M. Roas, W. H. & L. D. Betz, Philadelphia, Pa. 

^ Direct Titration of Sulfates. R. T. Sheen and H. L. Kahler, W. H. A L. D. Betz, 
Philadelphia, Pa, 
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TABLE I 


Procedure Requirements 


Approximate SO 4 
Concentration 
in p.p.m. 

(1) 

Quantity of 

THQ Indicator 
gms. 

(2) 

Dijtpers 

THQ Indicator 

(3) 

1 ml. BaCls” 
in mg. SOi 

(4) 

1 ml. BaCb- 
in p.p.m. SO 4 

(5) 

♦ up to 100 

0.1 

K2 

1 

40 

* 100-1,000 

0.2 

1 

1 

40 

1,000-2,000 

0.2 

1 

4 

160 


* Subtract 0.1 ml. as a blank in titration. 


should appear, throughout the body of the solution and not as spots of color. 
This point is taken as the end point. 

Procedure B (sulfate range from 2000 to 30,000 p.p.m.). — Add solid sodium 
chloride to the sample in an approximate amount as given in Table H. The 
procedure is the same as in A for neutralization and titration. 

TABLE n 

Procedure Requirements 


Approximate SOi 
Concentration 
in p.p.m. 

Cl) 

Quantity of 
THQ Indicator 
gms. 

(2) 

Dippers 

THQ Indicator 

(3) 

Iml.BaClr- 
in mg. SO 4 

(4) 

1 ml. BaCl?* 
in p.p.m. SOi 

(5) 

Sodium Chloride 
crystals 
required gma. 
(6) 

2,000- 4,000 

0.4 

2 

10 

400 

2 

4,000-10,000 

0.4 

2 

10 

400 

4 

10,000-20,000 

0.6 

3 

50 

2,000 

8 

20,000-30,000 

0.8 

4 

50 

2,000 

8 


Procedure C (with phosphate ion present up to 60 p.p.m.). — Carefully 
neutralize a 25-ml. filtered sample with approximately 0.02 N hydrochloric 
acid until just acid (yellow range) to bromcresol green (approximately pH 4). 
Follow procedure as in A or B; no correction will be required for the phosphate 
ion present. 


RAPID METHODS FOR WATER ANALYSIS 

These methods are of sufficient accuracy for field work study of under- 
ground waters, where rapid methods are desired. The outline suggested by 
F. G. Tickell in his report to the California State Mining Bureau furnishes 
the basis of the methods considered. 

The following determinations are of special interest : 

Positive Radicals — calcium, magnesium, sodium and potassium. 

Negative Radicals — chloride, sulfate, bicarbonate, carbonate, hydroxide. 

” F. G. Tickell — Summary of Operations— California Oil Fields— Tenth Annual 
Report,' Voi. 10, No. 6, Dec., 1924, 
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Colloids — iron oxide, alumina, silica. 

Loss on Ignition — organic matter, CO 2. 

Total Dissolved Solids. 

Special Reagents Required: A. Standard Sodium Chloride Solution. — Dis- 
solve 1.648 grams of dry NaCl in a graduated liter volumetric flask and dilute to 
exactly 1000 ml. with distilled water. 

1 ml. contains an equivalent of 1 mg Cl. 

5. Standard Silver Nitrate Solution. — Dissolve 4.8 grams of AgNOs 
crystals in a liter volumetric flask with distilled water and dilute to 1000 ml. 
Standardize as follows: 

Transfer 25 ml. of the sodium chloride solution to a porcelain dish. Add 
0.5 ml. of 10% solution of neutral K2CTO4 solution and dilute to 100 ml, with 
distilled water. From a 50 ml. burette, add with constant stirring the silver 
nitrate reagent until a faint, but persistent red color (Ag2Cr04) is obtained. 

Divide 25 by the ml. AgNOs required; the result is the mg. Cl equivalent of 
1 ml. of the AgNOs reagent. Record this on the bottle. 

Reagents A and B are used in chlorine determinations. 

C. Standard Acid — JV/iO Solution. — Details of standardization are given in 
the text. Three ml. of the desk H2SO4 (sp.gr. 1.84 — 93% solution) diluted to 
1000 ml. is approximately a N/lO solution. 0.265 g. Na2C08 will require 
exactly 50 ml. of acid for its neutralization. (Methyl orange or alizarine indi- 
cator.) In an Erlenmeyer flask place a carefully weighed (0.2-0.25 g.) dry, 
pure NasCOa. Titrate with the acid. Calculate the N/10 alkali equivalent 
volume by dividing the weight of the salt used by 0.0053 and divide this by the 
ml. of the acid necessary. The result is the normality of the acid. Multiply 
all the acid titrations by this factor to get the true N/10 volumes. 

Reagent C is used in carbonate and alkalinity determinations, 

D. Barium Chloride Reagentt Nji Solution . — Dissolve 30.6 grams of 
BaCl2‘2H20 crystals in water and dilute to 1000 ml. in a volumetric flask using 
distilled water. One ml, of this reagent is equivalent to about 0.012 g. SO4. 
Standardize the reagent as follows : By means of a pipette draw out 25 ml. and 
precipitate the barium as BaS04 with dilute H2SO4 (see determination of 
barium). Filter, wash, ignite in a weighed crucible and weight the BaS04. 
Multiply by 0.4115 to obtain the equivalent SOi, This result divided by 25 
will give the equivalent SO4 per ml. of the reagent. Record mg. per ml. 

E. Standard Potassium Chromate Reagent — Nj4 Solution. — Dissolve 24.5 
grams of the crystallized salt in water and make to 1000 ml. in a volumetric 
flask. One ml. of this reagent is equivalent to 1 ml, of the BaCL reagent. 
To get the exact value proceed as follows : Take 25 ml. of the BaCU reagent in 
an Erlenmeyer flask; neutralize with NII4OH; heat to boiling and add 20 ml. of 
the K2Cr04 reagent from a 50 ml. burette, continue the titration with 0.5 ml, 
portions, removing the flask after each addition, allowing to settle and observ- 
ing whether the clear upper layer of solution is colored yellow. Continue 
until a faint yellow color due to a drop or so excess of the reagent over that 
required by the Ba. The ml. required divided into 25 and multiplied by the 
SO4 factor of the BaCL reagent gives the SO4 value of 1 ml. of the K2Cr04 
reagent. Record the mg. SO4 per ml. 
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Note. — Since suspended BaCrO* obscures the end point, the following procedure 
is recommended : — As the end point is approached, filter off and examine 5 portions, 
returning to the main solution the portion each time until the end point is reached. 

F, Alkali Reagent — NjlO Solution, — Dissolve 5.3 grams of pure Na2C03 
and 4.8 grams of stick NaOH in water and dilute to exactly 2000 ml. with 
distilled water in a two liter measuring flask. Standardize against the standard 
acid solution using alizarine or methyl orange indicator. Record the exact 
normality factor. 

(?. Indicators. 

Alizarine. — One gram pure alizarine paste mixed with 200 ml, of distilled 
water. One drop is used in the titrations. Color is violet with alkaline solu- 
tion, pale lemon with neutral or acid solutions. 

Methyl orange. — (See text.) 

Phenolphthalein. — (See text.) 

H. Ammonium Oxalate Solution, — Saturated solution. 

I. Permanganate Reagent NjlO. — (See text.) 1 ml. = 0.002 g. Ca. 

Methods of Procedure: Chloride Determination. — By means of a 100 ml. 

pipette transfer that volume of water to be examined to a porcelain dish. Add a 
few drops of 10% potassium chromate indicator solution and titrate with silver 
nitrate reagent adding this until a faint but permanent red color (AgaCrOi) is 
obtained. Report results in mg. Cl per liter. (Parts per million.) 

Carbonate (CO3) Bicarbonate (HCOz) and Hydroxyl {OH) Determination . — 
Place, by means of a pipette, 100 ml. of the water in a beaker or porcelain dish; 
add a few drops of phenolphthalein indicator. A pink color indicates the 
presence of a carbonate. A colorless solution indicates its absence. 

If a pink color is obtained titrate with N/10 acid until the pink color dis- 
appears; read the burette and record the result as ml. P. 


TABLE FOR CALCULATION 


Indicator and Titration j 

HCOj 

CO3 

OH 

P sol, colorless 

ml. Mxe.lXf. 

Nil. 

2(nil. P)X3Xf. 

Nil. 

ml. P less than 

ml. M— 2(rnl. P) 

Nil. 

ml. M 

X6.1XL 


NU. 

ml. R = 34 nd- M 

Nil. 

2 (ml P)X3XL 


X3Xf. 


ml. P greater than 

34 ml. M 

Nil. 

ml. MxL7Xf. 

2(ml. P)-inl. M 
XL7Xf. 

ml. Ps=ml. M 

Nil. 

Nil. 

2(ml. M— ml. P) 


f. is the factor for the normality of the acid. 

1 ml. N/10 acid = 6.1 mg. HCO, 3 mg. COs 1.7 mg. OH. 


To the colorless solution add a couple of drops of methyl orange indicator 
and continue the titration with the N/10 acid until the yellow color changes to 
orange. Read the burette and record the ml. as ml. M. (M here is the total ml. 
of acid including P.) 

Notes,— I n the table the ml. figures represent mg. of the equivalent HCO3, COj or 
OH as the case may be. The ml. are converted to N/IO value by multiplying by the 
factor f. and then by the figure in question. 6.1 for mg. HCOa, 3 for mg, CO 3, and 1.7 
for mg. OH. 
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In general the COj and OH are not found in waters that contain appreciable amounts 
of the alkaline earths (Ca and Mg). The ratio of carbonate to bicarbonate in water 
containing very small amounts of Ca or Mg is influenced by the amount of dissolved 
CO2 in the solution. A high CO 2 content indicates that HCO3 predominates. If this 
is low’ the normal carbonate is present. A fresh sample may show HCO3 and no CO 3, 
but the loss of CO2 will occur and CO3 will be found with HCO3. 

Sulfate Determination. — The volumetric procedure depends upon the 
insoluble BaSOi forming and settling rapidly when BaCU solution is added to 
the sulfate. The reagent is added in excess and the excess determined by 
titration with K2Cr04 with formation of BaCr04. A slight excess of the 
chromate reagent becomes evident by coloring the solution yellow, best seen when 
the yellow BaCr04 has settled slightly or by filtering from BaCr 04 . See Note 
under E. 

MSOi+BaCU (js)-MCl2+BaS04+(a:s BaCh). 

BaCl2-i-K2Cr04 (irs) — BaCr04H-(xs K2Cr04 yellow solution). 

Procedure . — Pipette 100 ml. of the w^ater into a beaker and make faintly 
acid with HCl (litmus paper) and heat to boiling. While boiling add from a 
burette the standard BaCL reagent in small portions at a time allowing to 
settle with each addition until all the sulfate lias been precipitated and the 
reagent is in slight excess. Record the ml. used. 

Cautiously neutralize the solution with NH4OH (carbonate free), heat to 
boiling and titrate the excess of the BaCU ’ivith K2Cr04 standard reagent ac- 
cording to the method under E of Special Reagents. See Note under E. 

The SO 4 value of BaCU minus the SO4 value of K2Cr04 titrations (ml. 
BaCl2XS04 value minus ml. K2Cr04XS04 value) is the SO 4 content of the 
100 ml. sample of w'ater. Report mg. per liter. (Parts per million.) 

Optional Procedure .- — Acidify the solution with HNO3 and heat to boiling. 
Cool and neutralize wdth NaOH solution using as an indicator just sufficient 
amount of litmus solution to detect end point avoiding an excess. Add a 10 % 
solution of AgNOs dropwise until all the chloride is precipitated and then a 
few drops in excess; now add a slight excess of standard barium nitrate (stand- 
ardized as was the BaCU reagent — mol. wt. 261.4 Ba(N03)2). Titrate this 
excess with standard potassium chromate. A red color (Ag2Cr04) will indicate 
the approximate end point. Dissolve the Ag2Cr04 by adding NH4CI, heat to 
boiling, and continue the titration with K2Cr04 until the faint yellow color is 
obtained as in the first method. Subtract the SOi value of the chromate from 
the SO 4 value of the barium nitrate to obtain the SO4 of the water. Report 
mg. per liter. (Parts per million.) 

Alkaline Earths 

Calcium and Magnesium Determination. — Calcium and magnesium here 
are determined jointly by precipitating with the mixed reagent NaaCOs and 
NaOH (the latter necessary for the complete precipitation of Mg). The 
excess of the alkali is determined by titration with a standard acid. The two 
are reported as calcium. 

Procedure . — Place 100 ml. of the water in an Erlenmeyer flask and add 25 
ml. of the standard alkali reagent (F); boil, filter, and wash. To the filtrate 
containing the excess of the alkali reagent add a drop of the alizarine indicator 
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and titrate (best conducted in an Erlenmeyer flask) the alkali, adding a few 
drops of the acid in excess. Boil to expel the CO 2 and determine the excess of 
the acid by back titration with the standard alkali to the yellow neutral point, 
best obtained by adding the alkali to a faint pink and back to yellow with a 
drop of standard acid. 

Calculation.’— li A is the total alkali reagent added, i.e., the 25 ml. and the 
back titration for acid neutralization; and B is the acid titration (both being 
converted to their exact equivalents — ml. in terms of O.l N), then A minus B is 
the amount of alkali reagent required in the precipitation of Ca and Mg. 

One ml. of 0.1 N (i.e., N/10) alkali reagent is equivalent to 0.002 g. Ca. 

Express the results in mg. per liter. 

Magnesium Determination. — Concentrate 100 ml. of the water to about a 
fourth of its volume. Acidify with HCl and expel the CO 2 by boiling. Cool, 
add a few drops of phenolphthalein and neutralize the free acid with NaOH 
solution. Now from a burette add a measured amount of standard NaOH 
reagent (0.1 N) in amount sufficient to precipitate all the Mg present and a 
slight excess. Estimate the total volume present and add twice its volume of 
95% alcohol, Mg(OH )2 precipitates. Transfer to a 250 ml. volumetric flask, 
make up to 250 ml. with 1 : 1 alcohol. Filter off 70-80 ml. and take 50 ml. of 
this. Titrate the excess of NaOH with standard acid and multiply by 5. 
Calculate the 0.1 N NaOH required by Mg. 0.1 N NaOH will precipitate 
per ml. 0.00122 g. Mg. 

Note. — In the determination of magnesium, elements forming insoluble hydroxides, 
under the conditions for magnesium hydroxide precipitation, should be removed previous 
to the determination of magnesium. The common interferences are iron, aluminum 
and calcium. 

Calcium Determination, — Concentrate 100 ml. of the water to about half 
its volume if the water is comparatively soft or determine directly if hard. 
Details of the oxalate- permanganate method are given in the text. 

Alkali Determination. — These are calculated by difference, it being assumed 
that the amount of other radicals in the solution is negligible. 

Consult table following. Multiply each radical value by its proper reaction 
coefficient and balance the A and - reacting values; the difference will be the 
reacting value of sodium in the solution. Divide this value by the reaction 
coefficient for sodium to obtain the mg. of sodium. Calculate the mg, per liter. 


REACTION COEFFICIENTS 


Pwitive 

Reaction Coefficients 

1 

1 

r 

Negative 

r 

Na 

0.0435 

i SO. 

i 0.0208 

Ca 

0.0499 

Ci 

0.0282 

Mg 

0.0822 

C 05 

0.0333 



HCOa 

0.0164 



OH 

0.0588 
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miaGATING WATERS 

When a water supply is to be used for the purpose of irrigation, it is necessary 
to bear in mind the fact that there are certain impurities which, if present in 
large enough quantities, or due to imperfect drainage, are allowed to accumulate 
in the soil, will have a most detrimental action on growing crops. Due to 
solubility, these are usually soda salts. They are objectionable unevenly. 
Sodium carbonate seems the most dangerous and sodium sulfate the least. Not 
a great deal has been published on the subject, though there is one government 
bulletin and one article by Stabler.'*^ Growing out of the latter the following 
tables which are of value arc offered. 


Irrigating Waters 

Alkali Coeffi.cient 

(а) When Na — .65 Cl is zero or negative, 

Alkali coefficient, ‘ 

( б ) Wffien Xa — .65 Cl is positive, but not greater than .48 SO4, 

Alkali coefficient, k — • 

A a -p2.6 Cl 

(c) When Xa — .65 Cl — .48 SO 4 is positive, 

662 


Alkali coefficient, k=" 


Xa-.32 Cl -.43 SO* 
Classification on basis of alkali coefficient : 


Alkali Coefficient 

Class 

Remarks 

More than IS . . . 

Good . . . 

Have been used successfully for many years without special 
care to prevent alkali accumulation. 

18 to 6 

Fair .... 

Special care to prevent gradual alkali accumulation has 
generally been found necessary except on loose soils with 
free drainage. 

5.9 to 1.2 

Poor 

Care in selection of soils has been found to be imperative and 
artificial drainage has frequently been found necessary. 

Less than 1.2... , 

Bad. . . , 

Practically valueless for irrigation. 


It must be borne in mind that the dangerous characteristics of a water have 
a close relationship to the drainage, and with perfect drainage waters that would 
ordinarily be condemned, can sometimes be used without serious results. 

Some Mutual Relations between Alkali Soils and Vegetation, Thomas H. Kearney 
and Frank K. Cameron, U. S. Department of A^., Report No. 71. 

“ Stabler, Herman, “The industrial application of water analyses,” Water-Supply 
Paper U. S. Geol. Survey No. 274, p. 179. 



THE MICROSCOPICAL EXAMINATION OF 
WATER SUPPLY 

IMPORTANCE OF THE DETERMINATION 

From the standpoint of palatability and of the esthetic character of water 
supply there is no more important examination than the microscopical analysis. 
This examination discloses and measures the minute animal and plant life 
that is present in all surface waters and in some well waters. 

Large amounts cause an unsightly turbidity and even relatively small 
quantities frequently cause complaint because of a scum produced when bath 
tubs are filled with hot water or of a stain left upon the sides of the white 
porcelain. The water of swimming pools, if un filtered, may be unsightly. 
Industrial enterprises may be affected, for example the staining of clothes in 
laundries and interference with the manufacture of correct colors by dye 
manufacturers and with the dyeing of goods by the dyers. Photography may 
also be influenced. 

The presence of certain types of microscopic organisms frequently serves 
to identify the source of a water, or indicate from what particular reservoir a 
supply may be drawn. In the case of New York City which serves to certain 
districts of Manhattan Borough water from the Croton supply, to other sec- 
tions water from the Catskill supply and mixtures to others, the supply in any 
one section may be identified by the organisms as Catskill, Croton or a mixture. 
Again samples from cellars, excavations and conduits are frequently analyzed 
to determine whether the source is city water, sewage, or ground water. If 
microscopic organisms are present city water or sewage must be responsible 
and the chemical analysis and odor usually eliminate or indicate sewage. The 
contamination of a well supply by surface waters may be indicated by the 
presence of microscopic organisms. 

The amounts of microscopic organisms bear a direct relationship to the 
various forms of nitrogen determined in the chemical analysis and frequently 
explain changes in these determinations.* As these growths increase free 
ammonia and nitrate decrease and albuminoid ammonia increases and as the 
growths decrease the reverse relationship holds. 

The operation of filter plants, particularly the mechanical type, is much 
interfered with by heavy growths of microscopic organisms, the network of the 
latter interfering with the gelatinous formation of aluminum hydroxide in 
mechanical filters and the bacterial jelly of slow sand filters, although certain 
types of the diatoms may assist in the latter case. 

Chapter contributed by F. E. Hale, Ph.D. 

1 “The Significance of Nitrogen in its Various Forms in Water Supply.” F. E. • 
Hale, Proc. Am. W. W. Assoc., 1908, pages 323-327. 
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By far the most important reason for determining microscopic organisms 
is their connection with disagreeable, sometimes vile, tastes and odors in water 
supply. Those so-called littoral growths, which are attached to the banks or 
bottoms of reservoirs, and which attract the quickest attention are not con- 
cerned as a rule. The trouble is caused by minute floating forms, which manu- 
facture essential oils or perfumes like those of flowers. Exceedingly minute 
amounts produce pleasant aromatic geranium or grassy odors which become 
fishy, oily, pungent or vile in larger amounts or upon decay of the plant growths. 
Particular genera may frequently be identified by the odor by those who are 
trained. 

Three groups of odors are distinguished : 

Aromatic (geranium) caused by Diatomaceae. 

Grassy caused by Cyanophyceae. 

Fishy caused by Chlorophyceae and a few Protozoa. 

The following table as given by Whipple ^ in ‘‘The Microscopy of Drinking 
Water” contains those organisms which have been at one time or another in 
sufficient quantity in a water supply to produce characteristic odors. 


Group Organism Natural Odor 

Aromatic odor Diatomaceae: 


Asierionella Aromatic, geranium, fishy. 

CycloteUa Faintly aromatic. 

THaionia Faintly aromatic. 

Meruiion Aromatic. 

TabeUaria Aromatic, geranium, fishy. 

Protozoa: 

CTypiomoTias Candied violets. 

MaUomonas Aromatic, violets, fishy. 

Grassy odor Chlorophyceae: 

Dictyosj)}iaerium. Grassy. 

Cyanophyceae; 

Anahaeiui Moldy, grassy, nasturtium, greon-eom. 

Aphanizomenon Grassy. 

Coelosphaerium Grassy, sweet. 

Clathrocysiis Grassy, sweet. 

CylindTospermum Grassy. 

Riv^ularia Moldy, grassy. 

Fishy odor Diatomaceae: 

Asterionella FLshy in large niunbcrs. 

Tahelhiria Fishy in lai^e numbers. 

Chlorophyceae: 

Dictyosphaerxum Faintly fishy, also grassy. 

Eudorina Faintly fishy. 

Pandmina Faintly fishy. 

Volvox Fishy. 

Protozoa: 

Buraaria Irish moss, salt marsh, fishy. 

Ceraiium Fishy. 

Dinobryon Fishy, like rock-weed. 

Glenodinium Fishy. 

MailomoTias. Fishy, also aromatic. 

Peridinium Fishy, like clam-shells. 

Synura Cucumber, fishy, muskmellon, bitter taste. 

Uroglena Fishy and oily. 


* With some additions by the author. 
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In New York City’s supplies, despite the diversity of its sources, the only 
organisms which have given offense from odors have been Asterionella, Tabel-^ 
laridy VolvoXf Dictyosphaeriumf Anahaena, Aphanizomenon (with admixtures of 
Coelosphaerium^ Clathrocystis, and Microcystis), Ceratium, Dinohryon, Peridi- 
nium, Synura, Uroglena, and Crenothrix. 

AsterioneUa, when present in 500 to 1000 standard units per cubic centi- 
meter, produces a slightly aromatic odor. At 1000 units, rarely less, the odor 
is distinctly similar to the odor of the geranium. The odor increases in in- 
tensity with increase in numbers until several thousand produce a fishy odor. 
The fishy odor is also produced when smaller quantities die. 

Tabellaria, and similarly Asterionella, in very small amounts produces an 
earthy odor (also produced by large amounts of Synedra), passing through 
the aromatic, geranium and fishy stages with about the same relative quan- 
tities of organisms as Asterionella. At times the odor of Tabellaria has sug- 
gested illuminating gas, no other organisms being present. In the spring of 
1919 extensive complaints of fishy taste in the Catskill supply were occasioned 
in New York City by only 700 units of Tabellaria. This was the result of 
chlorination with liquid chlorine at Kensico reservoir. The odor was not 
noticeable in the water above the chlorination plant but appeared first just 
below the plant. Chlorination killed the organism, setting free the odorous 
principle. 

Anahaena and Aphanizomenon, when present in 500 to 1000 units, produce a 
faintly grassy odor like frcshly-cut grass. With larger numbers the odor 
becomes pungent like nasturtium, or even onions. In large numbers, or 
when decaying, the odor is of vile, pigpen character. In the spring of 1918 
from 500 to 800 units of Aphanizoinenon in the Croton supply of New York City 
caused numerous complaints of an oily brown scum when hath tubs were 
filled with hot water. These complaints came chiefly from high class apartment 
houses. 

Uroglena produces an oily fishy taste and odor, first noticeable in probably 
500 to 1000 units. In larger quantities it is very disagreeable. The flavor is 
that of cod-liver oil. Chlorine has an influence on this organism also. 

(Synura has caused trouble in as small amount as 50 units. The odor is 
variously described as like cucumber, muskmellon, etc. It leaves a bitter after- 
taste. Chlorine intensifies the trouble so that only a few units are noticeable. 

Dictyosphaerium, about 700 units, under influence of chlorine has produced 
a grassy or pungent nasturtium odor. 

Troublesome organisms occur chiefly in surface waters. Occasionally well 
waters containing iron or manganese cause trouble from growths of Crenothrix 
and associated forms which clog pipes and cause an unsightly turbid discolored 
water. Well strainers become clogged so as to prevent proper yield of water. 

Microscopic organisms apparently do not affect the health. Possibly the 
taste and odor at time.s produce nausea or distaste for food. It would take 
12,000 units of Asterionella per cubic centimeter to add a milligram of solid 
matter to a glass of water. 
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SAMPLING FOR ANALYSIS 

In sampling water for microscopical analysis precautions should be taken 
that the sample be representative and fresh. Water from a tap should be 
allowed to run to avoid heated stagnant water. Samples from a pond or 
reservoir should not contain surface scum nor littoral growths. Deep samples 
are best taken by the method usually employed for 
dissolved oxygen samples. A quart bottle is fastened 
by clamps to the side of a two-quart bottle in a water 
sampler. The bottles are fitted with two-hole rubber 
stoppers. Glass tubing is arranged as follows: A 
straiglit tube, projecting slightly above the stopper, 
extends to the bottom of the quart bottle. A bent 
tube is made flush with the underside of the same 
stopper and connected by a short piece of stiff rubber 
tubing to a bent glass tube extending through the 
stopper of the two-quart bottle to its bottom. A 
straight tube, flush with the underside of the stopper 
of the two-quart bottle, extends above the stopper 
from eight to ten inches in order to make a difference 
of head between the inlet and outlet tubes. The 
bottles are lowered quickly to the required depth by 
a marked and measured rope. Watch is kept for 
bubbles of air which rise to the surface of the water, 
sometimes several feet away, until bubbling ceases, 
which takes two to four minutes. Both bottles 
must be completely filled before raising, otherwise the 
Api^rat^'~f^%eep some other depth than that 

Samples. desired. The water enters the small bottle first and, 

as it only takes one half minute to lower the apparatus 
to the desired depth and at least two minutes for both bottles to fill, the smaller 
bottle is filled with the last water to enter which is from the desired depth. If 
the large bottle were not completely filled, the bottles would be filling while 
being drawn up and the water of the small bottle would represent some unknown 
depth. (Sec Fig. 291.) 


SEDGWICK-RAFTER METHOD OF EXAMINATION 
Apparatus Required 

A microscope (not necessarily high priced). 

Eyepieces — One inch (25 mm.) and one half inch (12 mm.). 
Objective — Two thirds inch (16 mm.) and one sixth inch (4 mm.). 
Ocular micrometer — Fitted to one-inch eyepiece. 
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This is ruled with a square of such size that used with a one-inch eyepiece 
and two-thirds inch objective the tube length of microscope may be adjusted 
so that the area viewed on the stage will be one square millimeter. The 
tube length is adjusted by making the square in the eyepiece coincide with a 
stage micrometer. The large square is usually divided into quarters, one 
quarter into 25 small squares and one of the latter into 25 tiny squares; 
each of the last represents an areal unit of measurement, 400 square microns 
(20 microns to the side), A micron equals .001 mm. 

A stage micrometer— graduated usually to tenths of a millimeter. 

Sedgwick- Rafter Counting Cell a thick slide to which is cemented a brass rim 
with internal dimensions of length 50 mm., width 20 mm., and depth 1 mm. 
It has an area of 1,000 square millimeters and a capacity of 1 cubic centi- 
meter. Its depth only must be exact. Several should be provided. 

Thin cover glasses, 55 mm. by 25 mm., to use as covers for the cells. 

One cubic centimeter pipettes (regular bacteria pipettes will do). 

Five cubic centimeter pipettes, volumetric. 

A small glass jar of distilled water— for rinsing cells and coverglasses. 

Lintless cloth or handkerchiefs— for drying cells and coverglasses. 

One-inch test tubes of heavy glass (bacteria dilution tubes). 

Five-cighths-inch test tubes of heavy glass (bacteria media tubes) . 
Scdgwick-Rafter funnels. These are cylindrical, 2-mch diameter, sloping 
toward the bottom to a neck of J-inch diameter. The distance from top 
to slope is 9 inches, length of slope 3 inches, length to bottom inches. 

A small glass jar of distilled water — to furnish 'water for concentrates. 
Perforated rubber stoppers — to fit one half inch tube of funnel. 

Silk bolting cloth No. 15x. 

Steel punch — to make I" diameter discs of bolting cloth for rubber stoppers. 
White sand, 60 to 120 mesh, i.e., passing a sieve of 60 mesh to the inch and 
retained on 120 mesh (Berkshire sand or ground quartz). 

Support for battery of funnels. 

A small wooden mustard spoon — to measure sand. 

Volumetric flasks, 200 ml. capacity. 

Test-tube racks. 

Record books designed for microscopic examinations. 

For field work, which is sometimes of importance due to destruction of 
organisms in transit, a folding microscope and a metal sling filter are useful 
but not necessary. 

Procedure. — The actual procedure of examination is simple. Familiarity 
with the various genera is essential. In the limited space of this chapter it is 
impossible to picture the thousands of forms that exist. The best working 
book, containing also plates, is ‘‘The Microscopy of Drinking Water” by 
George C. Whipple. (Revised by Fair and Whipple.) References to other 
books showing plates will be found at the end of the chapter. 

Moisten the small end of rubber stopper with water so as easily to pick up a 
disc of silk bolting cloth from the table and insert tightly into the funnel. 
Fill the mustard spoon with prepared sand and drop into funnel making one- 
iialf inch layer. Pour in 200 ml. of the water to be examined from a flask and 
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allow to filter, thus concentrating the organisms upon the sand. Do not 
allow the sand to stand until drained dry. Slight suction may be carefully 
applied to clogged filters. Remove iunnel, hold in a slanting position and 
carefully remove stopper and insert the end of funnel into a one-inch test tube. 
Wash sand and contents into the test tube by 5 ml. of distilled water, running 
the latter quickly around the sides of the funnel. Shake water and sand, 
settle a few moments and decant liquid into the smaller (f inch) test tube. 
A rack of these concentrates may be prepared at one time for examination. 
Rinse three or four Sedgwick-Rafter cells and coverglasses in distilled water 
and carefully dry with Untless cloth. Place coverglasses slantingly across 
cell so as to leave air space at diagonally opposite ends. Run 1 ml. of concen- 
trate into one corner of cell, air leaving at the opposite corner, and slide cover- 
glass into position to close cell. Allow cells to stand at least five minutes before 
examining so that organisms will have an opportunity to settle completely, 
as most of them will. This step is very important. While examination is 
being made of one cell, others will be settling. Thus at least three should be 
kept going in rotation when many samples are to be examined. 

Examine under the microscope with one-inch ocular containing micrometer 
and |-inch objective and proper tube length as previously determined. Esti- 
mate the number of standard units of each organism present in an entire field 
within the large square of the eyepiece and note on record sheet. Area only 
is taken into account. Forms like Asterionella, Diafcvia, Synedra, Tabellaria 
may be counted and multiplied by a factor to get the number of units — thus 
each arm of Asterionella may be estimated as equal to one half unit. Fila- 
mentous forms like Melosira^ Anabaena, Aphanizomenon, Oscillaria may be 
counted in lengths of five units (one-tenth of side of large square) and the total 
length divided by the number of filaments laid side by side that it would take 
to measure five units. The quotient multiplied by 25 gives the number of units 
in the field. Synedra in ‘^fine-tooth-comb form,” Fragillariaj Uroglena, 
Synura and bulky forms may be quickly compared with a 25-unit square and 
the number of units in the field c.stimated. The above method of estimating 
units is quicker than it reads and tends to eliminate largely the personal element 
from the count. After the bottom of the slide has been counted, focus should 
be changed to the top layer and Cyanophyceae, which float, estimated, that is 
Anabaenaf Aphanizomenonf Clathrocystis, Microcyatiff, Coclosphaerium, etc. 

Standard Methods of the American Public Health Association and Am. 
Water Works Association require 10 fields of the 1000 to be examined. In 
ordinary practice, however, a careful count of five representative fields is 
sufficient, choosing fields through the middle of the cell at each end, the center 
and half way between. After counting, a search of the cell, particularly the 
edges, is made for missed forms, especially Crustacea which swim to the edges 
to get air and Protozoa like Uroglena. The latter are frequently rolling around 
in the body of the cell. Anabaena, Uroglena and Dinobryon commonly break 
up and dLsintegrate in the absence of air and must be recognized in such condi- 
tion. The process of disintegration frequently may be witnessed under the 
microscope. Sometimes disintegration occurs in transit. 

On the record sheet, the amounts of units of each organism are summed up 
for the number of fields examined and multiplied by a factor to find the total 
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units as referred to the original water. The latter amounts are summed to 
find the total units of organisms per cubic centimeter. 

If the quantities recommended in this chapter are used the factor is found 
as follows: 

The ratio of total cell to counted fields is ^^ = 200, 

The concentration is =40, 

0 cc. 

The final factor is then — = 5. 

40 



Fig. 292. — Microscope for Microscopical Examination. Fig. 293. — Ocular Micrometer. 

Smallest square is one unit. 

Large Crustacea found only around the edges and not distributed through 
the cell should have their total units divided by the concentration rather than 
multiplied by thn factor in referring the count to the original water. 

In addition to the count an examination of the original sample in the bottle 
by naked eye is often useful in detecting such forms as Uroglena^ Cyclops, etc., 
and in forming a general estimate of the amounts of organisms present. 

Many errors may enter into the quantitative estimation of microscopic 
organisms. The sample bottle should be inverted to distribute the forms, as 
some float and others settle. Organisms may adhere to the sides of the funnel 
or to the sand. Others may pass through the sand and some may disintegrate. 
One of the greatest errors is caused by uneven distribution through the cell 
when organisms are not numerous. Whipple states that the total error does 
not usually exceed 10%. The author of this chapter believes this figure is too 
conservative and unavoidably so owing to the large personal element. How- 
ever results are usually comparative at any one laboratory. 




2106 MICROSCOPICAL EXAMINATION OF WATER 


Tabular Outline Identification of Forms 

Sample Dale of Collection Number 

Examined by Date of Examination Concentration 


No. of Square 

1 i 

2 

3 

4 

5 

6 

i 

1 ^ 

s 

9 

10 : 

Total 

Standard 

Units 

Per C. C. 

Diatom.aceab: 







! 






Asierionella 


1 

2 


1 






4 

20 

CycloteUa 













Diaioma 













Fragilaria 



4 ^ 




1 






Mehsira 

3 

0 


10 

2 


i 




24 

120 

Navicula 






j 







Stephanodiscus . . 

1 

1 

1 

1 

1 


i , 




5 

25 

Synedra 


20 


5 







25 1 

125 

Tabellaria 


1 



4 

; ! 


1 


i 

4 

1 

20 


Chlokophyceae : 
Closierium 
Conferva 
Eudoritia 
Pandorina 
Fediastrum 
Protococcus 
Scenedesmus 
Spirogyra 
Staurastrurn 

Cyanopiiyceae: 
Anabaena 
A phanizomenon 
Clathrocystu 
Coelosphaerium 
Microcystis 
Oscillaria 

SCHIZOMYCETES, EtC.: 
Crenoihrix 
Mold Hyphae 


List of Organisms 

Protozoa: 

Ceratium 

Dinolmjon 

Glenodiniiun 

Mallomonas 

Peridinium 

Synura 

Trachelomonas 

Uroglena 

VorticeUa 

Rotifera: 

Anuraea 

Polyarthra 

Synchaeta 

Critstacea: 

Bosmina 

Cyclops 

Daphnia 


Other Organisms: 
AnyidUula 
Acarina 


Total Organisais: 
^Vniorphous Miiltpr 
MisccllancoiLs liodios 
Sponge Spicules 


Amorphous matter comprises organic debris due largely to broken-down 
microscopic organisms and zooglea.’ It is usually of little importance but in 
connection with consumption of dissolved oxygen in reservoirs just below the 
thermocline and at the bottom it has been shown to have importance/ 

®The estimation should not usually include mineral matter, silt, precipitated iron, 
etc., as indicated in “Standard Methods of the American Public Health Association,” 
since this can serve no apparently good purpose, 

• “Thermocline Studies at Kensico Rerervoir,” Hale and Dowd, Jour. Ind. Eng. 
Chem., Vol 9, page 81. 
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Fragilariaf magnification 150. 


Water concentrate as it appears under the 
microscope. 1. Synedra, fine tooth comb. 
2. Synedra, needle-form. 3. Asterionella, 
4. Melosira. 



Ulothrix, magnification 75. 
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Identification of Forms. — On page 2106 is shown a section from a page of the 
record book used in New York City’s Water Department Laboratories, showing 
the classification of organisms and the commoner forms found. 

As the magnification used for counting is only 87 one must learn to identify 
the forms quickly at that magnification. Occasionally it is necessary to use 
the one-half-inch ocular to make certain the identification, the latter magni- 
fication being 146. Young forms frequently differ from mature forms and 
confusion arises. It may be helpful to mention certain distinguishing features 
for some of these commoner forms, avoiding so far as possible technical terms. 

Asterionella (little star) in its usual form is readily recognized. Four to 
eight arms connected at one end, slightly larger than the other end, and radi- 
ating from the attached ends suggest its name. The arms are usually more 
slender near the center in girdle view. The coloring matter appears as regu- 
larly spaced dots or dashes strung along the arm in single row. There is 
another form of Asterionella in which the arms attach at either end in zig-zag 
manner with occasionally four arms arranged in star fashion. This form may 
be confused wdth ** Diatoma” or Tabellaria/^ but may be distinguished by 
the appearance of individual arms in valve view, Diatoma having cross striations 
and Tabellaria an oval outlined in a swollen center. 

It may be mentioned that Diatoms have two valves fitting together like 
clams, oysters or scallops but different in that they overlap like the cover and 
bottom of a petri dish or a pill box. The valve view is that of the top of the 
box and girdle view that of the edge. (Different authors use different terms. 
The above is according to Whipple.) 

Diatoma in girdle view has straight sides and square ends, joining at the 
corners to form zig-zag chains. The valve view is distinctive from Asterionella 
and from Tabellaria; it has cross striations. 

Tabellaria usually has wider arms than Asterionella or Diatoma and two 
well-defined parallel marks or lines extending from each end nearly to the 
middle. In some forms these arc missing. The arms join in zig-zag fashion 
with sometimes three or four in star shape. As mentioned before the valve 
view is distinctive, being swollen and marked with an oval at the center. There 
is also a distinctive short chubby form. 

Synedra in common form looks like a fine-tooth comb, the needle-like 
individuals being attached side by side at the center forming a serrated edge. 
The edge distinguishes it from Fragilaria which also forms masses side by side 
but the ends of the latter are square with no appearance of teeth. Frequently 
Synedra exists only in individual short needles and again in very long needles. 

Meridian also joins side by side but being wider at one end than the other 
forms disc-like patterns. The valve view is also distinctive, like a base-ball 
club and striated cross-wise. 

Gompkone 7 na is, also wedge-shaped like Meridian but does not join in masses 
and in valve view is shaped like a rolling pin. It has a pedicle which is fre- 
quently missing. 

Many forms, once seen, are very readily distinguished, Stauroneis like an 
elongated diamond with a cross marked from corner to corner, Pleurosigma, 
with a double curve reminding one slightly of the letter ‘‘S,” Navkula, shaped 
like a little boat, Melosira, with its cylindrical cells joined end to end to form 
filaments containing considerable coloring matter. Cyclotella appears usually 
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as small perfect circles without contents whereas Stephanodiscus is a larger 
circle with coloring matter conspicuous and sometimes concentric markings 
visible on the circumference. On edge a view as of a pill box is often obtainable. 

The coloring matter of the Diatoms may appear from yellow to brown but 
often a mere black and white effect without much suggestion of color. 

The Chlorophyceae (green growth) have green coloring matter. The 
common forms are readily distinguished and remembered from illustrations. 
Dictyosphaerium and Dimorphococcus are similar small coccus-like forms joined 
by spider-like threads together, the former from a concave side, the latter 
from a convex side. Pandarim and Eudorina are coccus-like forms set in a 
jelly ball, the former with the coccus bodies grouped together closely at the 
center, the latter with them separated and spaced regularly near the surface. 
Volvox is a large revolving jelly-like hollow ball with the surface dotted with 
coccus forms and similar to Uroglena of the Protozoa, but differs in containing 
several conspicuous larger green cells which are in reality young Volvoces. 

The Cyanophyceae (blue growth) contain a blue-green coloring matter. 
Anahaena appears like a string of beads. It differs from Nostoc in not having a 
gelatinous sheath, from Sphaerozyga in that its spores and hetero cysts are not 
adjacent whereas in the latter a heterocyst is between two spores. The spores 
are larger than the vegetative cells. It differs from CyKndrospermum in that 
the latter has its heterocysts terminal with large spore adjacent, and the latter 
filament is sometimes tapering. 

Aphanizomenon under high power has a beaded appearance and contains 
a very long oval spore which is scarce. Under the ordinary power Aphani- 
zomenon appears like a pencil mark on drawing paper and frequently appears 
in attached masses of filaments. 

O&dllaria is a pale blueish filament of even color without granulation, with 
rounded ends, straight sides (i.e., no beaded appearance) and cross striations. 
At times it may be seen to oscillate or wave back and forth (hence its name). 

Of the Schizomycetes, Crenothrix is fairly comnion and occurs in well waters 
containing iron or manganese. It occurs as dark brown masses due to dis- 
coloration with iron or manganese. The latter may be dissolved by acid when 
the oblong cells become visible embedded in a gelatinous sheath, but not 
touching each other, and forming a filament. Anihophysa pedicles, a Proto- 
zoon, are sometimes mistaken for it but the latter is usually branched like a 
and has longitudinal striations. The colonies resemble Synura, but are 
colorless and generally smaller. 

The Protozoa are the lowest forms of animal life, unicellular in structure, 
though they may aggregate in colonies. Of Dinobryon frequently only the 
pencU-like outlines of the tiny cups or tnimpet-like shells are visible (and 
difficultly seen), one set in another, to form branching aggregations. The 
spores of DinobTyon are sometimes mistaken for Cyclotella. Glenodinium and 
Peridinium are oval and each has a groove across the center. The former is 
smaller and has a smoother outline than the latter. Synura is a small moving 
yellowish ball of oval animalcules joined concentrically and closely packed. 
Uroglena is a large jelly-like hollow ball of minute animalcules, the latter 
embedded near the surface, similar in appearance to Volvox, as previously 
mentioned, but lacking the large green cells. It rolls around slowly in the 
center of the liquid of the cell. Broken pieces have the shape of a piece of a 
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rubber ball. It is visible to the naked eye and recognizable in the bottle, 
Rotifera, Crustacea, etc. (more complicated animal forms) are readily dis- 
tinguished from their pictures in most instances. Many are visible to the 
naked eye. Cyclops may readily be recognized in the bottle by its shape and 
swift darting motion. It appears about the size of a pin head shaped some- 
what like a tiny fish, but wider in proportion. Bosmina (little cow) and 
Acarina (little spider) each has a peculiar characteristic jerky motion. 


CONTROL OF MICROSCOPIC ORGANISMS 

Troublesome microscopic growths are controlled as follows; Reservoirs 
are shut off from the service and bypassed until the forms die out under storage 
which may take three weeks to three months. Aeration by fountains will dis- 
integrate certain fragile forms like Uroglena, Anahaenaf even Asterionella, and 
assist in removing odors. Crenotkrix may be controlled by chloramine or 
Mquid chlorine (Monfort & Barnes). Liquid chlorine has also been widely 
employed the last 16 years to help control Synura, Uroglena, Dinobryon etc. 
But the method of widest application is that of Moore & Kellerman, the appli- 
cation of copper sulfate in dosage ranging from .05 to 1.00 part per million by 
weight according to the particular genera of microscopic organisms present. 
The chemical has been usually applied by rowing around in boats dragging 
burlap bags, containing, usually, fifty pounds each, through the surface of the 
water, allowing wind, wave and diffusion to mix the treated water with the 
remainder. On large reservoirs launches are employed with arrangement on 
either side for suspending the copper sulfate crystals in the water and the action 
of the propeller causes considerably wider distribution of the chemical. In 
the last few years special methods of distribution by launch have been devised, 
particularly on the west coast, the crystals being distributed in solid form by a 
mechanical blower by one method and by pumped water by another method. 
These methods are said to accomplish wider, more uniform, and faster distribu- 
tion. Better depth effect is also accomplished, the crystals dissolving as they 
sink. Size of crystal is also chosen depending upon depth to be treated. 

New York City has demonstrated, very satisfactorily, that dry feed of the 
chemical by automatic accurate electrical apparatus to the water flowing in 
an aqueduct a short time before entering the reservoir is absolutely feasible 
and successful even at wdnter temperatures and with ice-covered reservoirs. 
The feed is by means of a slowly moving shutter fed from a hopper. The 
copper sulfate drops into floating perforated wooden box in a narrow^ed portion 
of the aqueduct. Dosage is similar to that used in the reservoirs by the 
boat method, and under such circumstances the killing dosage is known exactly. 

The effect of treatment of microscopic organisms by copper sulfate is 
shown by an immediate intensification of distinctive odors, by reduction of the 
number of organisms in the water through sedimentation, by the appearance of 
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the organisms under the microscope — the coloring matter being knocked to 
pieces, so to speak. Sometimes there is an increase in the water bacteria which 
feed upon the decayed organisms. The Cyanophyceae may produce scum 
after treatment which is of varied colors, pale blue, yellow, red or brown. 

Sometimes fish are killed by the treatment but this is more apt to occur 
from smothering due to clogging of the gills with dead organisms or reduction 
of oxygen by the dead organisms. It is only occasionally that fish are killed 
in quantities, even though larger doses are usually applied than shown in the 
foUo^ving table calculated from data published by Moore & Kellerman: 

Limiting Dosage of Copper Sulfate for Fish Life 


Pounds per 
Million Gallons 

Fish Parts per Million (Approximate) 

Trout 0.14 1.2 

Carp 0.33 2.8 

Suckers. 0.33 2.8 

Catfish 0.40 3.5 

Pickerel 0.40 3.5 

Goldfish 0,50 4.2 

Perch 0.67 5.5 

Sunfish 1.33 11.1 

Black Bass 2.00 16.6 


Experience differs with waters of different composition and with tempera- 
ture as to the right dosage to apply for each organism. It is believed that it is a 
waste of copper sulfate to apply an insufficient quantity. When the correct 
quantity is applied the water is usually cleared within three to four days. 
The following table on pages 2113-2114 is made up from data furnished by 
Moore & Kellerman, Whipple, various other sources and personal experience. 
The latter are starred. Results in recent years with chlorine are also included. 

The following illustration shows the corner of a bacteriological laboratory 
for the microscopical examination of water. 



Fig. 294. — Microscopical Apparatus, Catskill Laboratory, Ashokan, N. Y. 
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Chemicals Required for Treatment of Different Genera 


Organiems 

Odor 

Parts per 
MUlion 

Pounds per 
Mil. Gals. • 

Chlorine 

p.p.m. 

Diatomaceae: 





Asterionella J 

Aromatic, geranium, fishy 

0.12 *-0.20* 

1. 0-1.7 

0.5*-L0* 

Cyclotella 

Faintly aromatic 



1.0 

Diatoma f 

Faintly aromatic 




Fragilaria f 


0.25 

zi 


Melosira ti§ 


0.2 

1.7 

2.0 

Meridion 

Aromatic 




Nairicida f 


0.07 

0.6 


Nitzchia § 


0.50 

4.2 


Synedra tt 

Earthy 

0.36*-0.50* 

3.(M.2 

1.0 

Stephanodisevs 


0.33 

2.8 


Tabellaria i 

Aromatic, geranium, fishy 

0.1 2 *-0.50* 

1.0-4.2 

0.5*-1.0 

Chlorophyce AE : 





Cladophora f 


0.50 

4.2 


Closteriuvi 


0.17 

1.4 


Coelastrum f 


1 0.0.5-0.33 

0. 4-2.8 


Conferva f 


0.25 

2.1 


Des?nidium 


2.00 

16.6 


Dictyosphaerium X 

Grassy, nasturtium, fishy 



0.5*-1.0 

Draparnaldia 


0.33 

2.8 


Eudorina 

Faintly fishy 

2.0-10.00 

^ 16.6-83.0 


Erdomoph<yra 


0.50 

4.2 


Gloeocysiis 

Offensive 




Hydrodidyon 

Very offensive 

0.10 

*0.8 


Micros pora 


0.40 

3.3 1 


Palmella 


2.00 

16.6 


Pandorina 

Faintly fishy 

2.0-10.00 

16.6-83.0 

1.0 

Prolococcns 





Raphidinm 


1.00 



Scenedesmm 


1.00* 

8.3 


Spirogyra. f 


0.12 

1.0 

0.7-1.5 

Etauradrum 

Grassy 

1.50 

12.5 


Tetrasirum 




1.0 

lllothrix 


0.20* 

‘u 


Volvox t 

Fishy 

0.25 

2.1 

0.3*-1.0 

Zygnema 


0.50 

4.2 


Gyanophyceae: 





Anabaena X 

Moldy, grassy, vile 

n.l2*-0.4S 

1.0-4.0 

0.5 *-1.0 

Aphanizomenon X 

Moldy, grassy, vile 

0.12*-0.50* 

1.0-4.2 

0.5*-1.0* 

Clafhrocysiis 

Sweet grassy, vile 

0.12*-0.25* 

1.0-2. 1 

0.5 *-1.0 

. Coelospkacrinm J 

Sweet grassy 

0.20*-0.33 

1.7-2. 8 

0.5 *-1.0 

C yiindrosper m um 

Grassy 

0.12 

1.0 


Microcystis 


0.20 

1.7 


Oscillaria f 


0.20-0.50* 

1.7^.2 

1.1 

Rivularia 

Moldy, glassy 





The organisms where odors are expressed have been in sufficient quantity at one time 
or another to cause the characteristic odor. 

* Dosage successful in New York City’s supplies. 

t These organisms have caused trouble other than odor. 

i These organisms have been affected by chlorine producing characteristic odor and 
in many cases controlled by dosage ranging from 0.3 to 3 p.p.m. depending largely on 
amount of organisms. 

§ Controlled by excess caustic lime, 5 p.p.m. in the case of the diatoms. 

Note. — Range of dosage largely due to temperature. 
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Chemicals Required for Treatment of Different Genera {Contimied) 


Orig&nisms 

Odor 

PartA pftr 
Million 

Pounds per 
Mil. Gals. 

Chlorine 

p.p.m. 

Protozoa : 


1 



Biirsaria 

Ceraiiiivi ft 

Irish moss, salt maxsh, fishy 
Fishy, vile (rusty brown 

1 

0.24 *-0.33 

’i6*-2.8 

1 

0.3 *-1.0 

color) 




Cklam ydomorias 


1 0.50-1.0 

4.2-8.3 


CryptomoTuis 

Candied violets 

1 0.50 

4.2 


DiriohTyon J 

Aromatic, violets, fishy 

0.18* 

1.5 

0.3 *-1.0 

Endammha histoly- 
tica (cysts) 
EugUna 


1 0.50 

4.2 

25.0-100.0 

Glenodinium 

Fishy 

0.50* 

4.2 


MaUo7noiias 

Aromatic, violets, fishy 

0.50 

4.2 


Peridiniitm 

Fishy, like clam-shells 

0.50*-2.00 

4.2-16.6 


Synura J 

Cucumber, muskmelon, 

1 0.12*-B.25* 

1.0-2. 1 

0.3*-1.0 

fishy, bitter taste 

1. ! 



Uroglem t 

Fishy, oily, cod liver oil 

0.05*-0.20* 

0.4r-1.6 i 

0.3 *-1.0 

Crustacea: ! 


1 

1 


Cyclops tU 




1. 0-3.0 

Dapknia t|§ 


2.0 

i 

ie.e 

1.0-3.0 

SCHIZOMTCETES: 


i 

1 


Beggiatoa f 

Very offensive decayed 

5.00 

41.5 


Cladothriz 


0.20 

1.7 


Crenotkrix tt 

Very offensive decayed, 

0.33-0.5* 

2.8-4.2 

0.5* 


medicinal with chlorine 1 




Leptothrix t ! 

SphaerolilU, natans 

1 

Very offensive decayed 

0.40 

':V.3 


Spirophyllum t 



0.25* 

Thiothrix 

Very offensive decayed 



0.5*-1.0 

Fungus: 





Achiya 

Leptomilus 


0.40 

Hi 

0.6* 

Saprolegnia t 


0.18 

1.5 


M ISCELLANTIOUS : 





Cham t 


0.10-0..50 

0.8-4.2 


Nilella, Jlexilis f 

Objectionable 1 

0.10-0.18* 

0.8-1 .5 


Polamogeltm f 

NaU t 

0.30-0.80 

2..>4).7 

1.0* 


Blood y:orm, 




1.5.0-50.0 

chironomos f 

Blood v:orm, gnaOi 

' 



3.0 
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BACTERIOLOGICAL EXAMINATION OF WATER 


The routine bacteriological examination is essentially simple. It consists 
of obtaining empirically the total number of bacteria under certain standard 
conditions and of testing for the intestinal group, B, coli. Usually only under 
special conditions is search made for specific disease bacteria which may be 
carried by water supply, such as Bacillus typhi, Bacillus paratyphi — A and B, 
Spirilluiyi cholerae^ Bacillus dysenteriae — various types, Bacillus anthracis, etc. 


SAMPLING 

Samples must be taken, in dry-sterilized bottles, with well-ground glass 
stoppers. Two ounce capacity is usually sufficient for routine tests. The 
bottles are preferably protected by covering the stoppers and necks with tinfoil 
and further protected by placing in a metal screw’-top can (two inch by four 
inch). It is frequently convenient to use quart bottles steam-sterilized at 

fifteen pounds pressure, and capped 
with tinfoil, when special samples ate 
to be brought in by hand, — the same 
sample serving for the physical, 
microscopical and chemical analyses 
after making the bacteriological 
examination. Such samples trans- 
ported in leather bags of proper 
size do not change temperature 
more than a few degrees in several 
hours on the hottest days though not 
protected by ice. For the two- 
ounce bottles special aluminum 
cases, holding small quantities of ice 
and fitting the bags, are light and 
convenient. For shipping, the small 
Fig. 295.— Collection Apparatus for Bacteri- bottles may be packed in a copper- 
ologica! Samples. containing a re- 

ceptacle for the bottles and space for ice below. (See Fig. 295.) 

In sampling care must be taken to take representative samples, avoiding 
contamination and avoiding stagnant water. Temperature is often a guide but 
it must be taken from the source or in a separate bottle with the thermometer 
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BACTERIOLOGICAL EXAMINATION OF WATER 2117 


bulb immersed in the water a few minutes before reading. Allow tap samples to 
run thoroughly, particularly in warm boiler rooms. Handle sterilized bottles 
by the bottom and keep fingers away from the necks. Handle stoppers with 
the tinfoil in place. Avoid splashing or over-running bottles. In streams 
plunge bottle below the surface and sample by swinging hand up-stream with 
mouth of bottle pointed up-stream so as to avoid water washing over the hand 
into bottle. Sirnilarly in a reservoir, swing the mouth of the bottle forward 
while filling. Do not rinse a sterilized bottle. These rather minute directions 
are given because in a long experience they have frequently been found neces- 
sary. Experts do not always take the samples though the value of their work 
depends upon the care with which the samples are taken. Men have even 
been caught reading thermometers after drawing them up twenty feet from 
the surface of a reservoir. 

Samples from a depth in a reservoir are best taken if possible from an 
effluent pipe when regular draft is from a depth. In other cases sterilized 
bottles may be lowered to the required depth and stoppers pulled out by 
means of special samplers. In many cases it has been found satisfactory to 
take them by the two-bottle method as used for dissolved oxygen and described 
under “Microscopic Examination of Water. “ In this case the quart bottle 
should be thoroughly cleaned, handled as little as possible, and the water 
poured into a bacteria bottle after drawing to the surface. The quart bottle 
is pretty thoroughly rinsed during the process of sampling. (Fig. 291, p, 2102.) 

Samples should be tested the same day they are collected, preferably wdthin 
a few hours. Expressed and iced samples will probably give a fairly reliable 
index of B. coli content but cannot be relied on for total counts. 


Apparatus and Materials Needed 

Bacteria bottles — two-ounce glass-stoppered (well ground).^ 

Metallic containers for above, screw-cap, two inch by four inch. 

Tinfoil, five inch wide, in rolls for capping. 

Bacteria certificates for sample data. ... 

Containers for carrying samples — leather bags vith aluminum ice cases to fit. 
Containers for shipping samples— copper-lined ice chests. 

Dry-sterilizer for bottles and pipettes, to operate at 170 C, 

Autoclave to operate at 15 pounds steam pressure, sterilization of ^edia. 

1 ml. pipettes with two marks and also conveniently graduated to show 0.1 ml. 

above the upper 1 ml. mark. i <■ e i 

10 ml. pipettes, preferably straight tube pipettes with graduation also for 5 ml. 

and 9 ml. 

Pipette boxes for sterilized pipettes, square by 14 long. 

Dilution test tubes, V' diameter, medium weight. 

Medik test tubes, f " diameter, heavy weight, not lipped. 

Dilution flasks, Erlenmeyer, 16-ounce capacity, for sterilized water. 

Flasks, \ liter, 1 liter, etc., for media preparation and bulk storage. 

Test tube racks for dilution tubes. 

Wire cages for media tubes, 4" by 5^' by high. 

Non-absorbent cotton for plugging tubes. . . t i i x 

Footless Smith tubes for R. coli tests, or small test tubes inverted in large test 
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tubes for same, capacity in either case four times the amount of water to be 
tested. 

Metal racks for Smith tubes. 

Agateware double boilers for making media. 

Agateware kettles for making media. 

Agateware funnels, 6 inch, for filtering media. 

Cotton flannel for filtering media. 

Large beakers for making media. 

Earthenware pitchers for filling tubes with media. 

Side-neck burettes for filling tubes with media (side neck connected to funnel of 
media). 

Apparatus for keeping media warm while filtering. 

Gas stoves for heating media. 



Fig. 296. — Bacteriological Apparatus. Fermentation Tubes, Petri Dishes, 
Culture Media, etc. 


Petri dishes, 10 cm. diameter and flat bottomed, with both glass covers (20° C. 

incubation) and porous covers (37° C. incubation). 

Agateware sauce pans for melting media in tubes before planting. 

20° C. incubator with thermometer, automatic regulator and safety burner. 
37° C. incubator with thermometer, automatic regulator and safety burner, 
(In many laboratories the incubators are now electrically operated.) 
Burner for flaming tubes before planting. 

Counting stand ^^^th engraved lines to assist in counting. 

Engraver's lens for counting, B. & L. 146, magnification 2^ diameters, X. 
Tallying register for counting. 

Balance, similar to an apothecary's, for quick weighing. 

Balance, analytical beam type, for accurate weighing. 

Record books for bacteriological results. 

Microscope with condenser and assortment of lenses: at least §" and V' 
eyepieces and f'', and 1/12'' objectives. (Satisfactory hanging drops 




BACTERIOLOGICAL EXAMINATION OF WATER 2119 


may be made with Y' eyepiece and objective. The 1/12" is used only 
in oil immersion with condenser.) 

Slides, plain and concaved (latter for hanging drops). 

Cover slips, round or square. 

Platinum needles with holders for transferring cultures. 

Cleaning mixture for cleaning glassware. 

Distilled water for preparation of all culture media and reagents. 

Meat extract; Digestive Ferments Company's Bacto Beef Extract is satisfactory. 
Peptone: N. Y. City Water Department Laboratories have found Digestive 
Ferments Company’s reliable. (Some laboratories have found Armour's 
and Fairchild's satisfactory.) 

Lactose and other sugars tlie purest obtainable. 

Agar. Frequently needs soaking in water and draining before use because of 
salt. Shall be dried ^ hour at 105° C. before weighing. 

Gelatine, of light color, containing not more than a trace of arsenic, copper, 
sulfides, free from preservatives, and of such a melting point that “standard 
nutrient gelatin” shall not melt below 25° C. Gelatin shall be dried | hour 
at 105° C. before weighing. 

Litmus — reagent litmus of highest purity (not litmus cubes) or azolitmin 
(Kahlbaum's). 

Certified Dyes — Basic fiichsin, Eosin yellowish. Methylene blue, Brilliant green. 
General chemicals — chemically pure so far as possible. 

Hellige comparator for hydrogendon with color discs for brown- thymol-blue, 
and cresol red and phenol red. 

Adjustment of Reaction. — The final reaction for broth, gelatin and agar 
shall be between pH 6.4-7,0. For Endo medium the final reaction after the 
addition of chemicals should be pH 7. 8-8. 2. The eosin methylcne-bluc apr 
does not require adjustment. The increase in the hydrogen-ion concentration 
during sterilization will vary slightly with the individual sterilizer in use and 
the initial reaction required in order to obtain the correct final reaction will 
have to be determined. 

The simplest method is the use of the Hellige Comparator which employs 
discs with colored glasses. Each disc contains the range of colors for a single 
dye, 0.2 pH apart, and the colors are a very good match and accurate. Brom- 
thymol-blue has a range 6.0-7.G, Phenol Red 6.8-8.4, and Cresol-red a range 
7.2-8.8. The first covers all the ordinary media, the second Brilliant-green bile 
diluted, and the latter covers Endo. Procure the dyes from any of the firms 
supplying it for j)H determination. The preparation of the dye solutions is as 
follow's according to Chirk. Rub up a decigram of brom-thymol blue in 3.2 ml. 
of N/20 sodium hydroxide. Dilute to 25 ml. with distilled water, making 0.4% 
solution. Dilute again for use to 0.04% solution. Rub up a decigram of 
Cresol-red in 5.3 ml, of iS/20 sodium hydroxide. Dilute to 25 ml. wdth dis- 
tilled water, making 0.4% solution. Dilute again for use to 0.02% solution. 
With Phenol-red 5.7 ml, of N/20 sodium hydroxide is used and final solution is 
.01% strength. In testing bacteriological media, for example agar, add to 
8 ml. of distilled w'ater 2 ml. of melted agar, add ^ ml. of the brom- thy mo 1-blue 
solution, mix by pouring into one of the comparison tubes. In another com- 
parison tube pour the similarly diluted media but without the dye and place 
this behind the colored glasses. Comparison should be made at once and is 
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sufficiently accurate. The prepared solutions of the dyes gradually change in 
pH. The solution should be sterilized and stored in sterile pyrex bottles. 
Sterile pipettes should also be used. Always allow the dye to drain from the 
pipette and never blow out as ‘the carbonic acid of the breath will influence 
results. In laboratories which can afford to have the equipment, the dye 
solutions should be checked by the electrometric method and proper corrections 
applied. For this purpose standard buffer solutions covering a range of pH 
should be purchased. 

Sterilization. — All media and dilution water shall be sterilized in the auto- 
clave at 15 lbs. (120® C.) for 15 minutes after the pressure reaches 15 lbs. All 
air must be forced out of the autoclave before the pressure is allowed to rise. 
As soon as possible after sterilization the media shall be removed from the 
autoclave and cooled rapidly. Rapid and immediate cooling of gelatin and 
lactose broth is imperative. 

Media shall be sterilized in small containers, and these must not be closely 
packed together. No part of the medium shall be more than 2.5 cm. from 
the outside surface of the glass. All glassware shall be sterilized in the dry oven 
at 170® C. for at least 1 hour. Sample bottles may be sterilized in a steam 
autoclave at 15 lbs, pressure for § hr. 

Nutrient Broth. — To make one liter: 

1. Add 3 grams of beef extract and 5 grams of peptone to 1000 ml. of 
distilled water. 

2. Heat slowly on a steam bath to at least 65® C., stirring until dissolved. 

3. Make up lost weight with distilled water and adjust the reaction so that 
final pH will be between 6.4 and 7.0 after sterilization. 

4. Bring to a boil over a free flame. Cool to 25“ C. and filter through filter 
paper until clear. 

5. Distribute in test-tubes, 10 ml. to each tube. 

6. Sterilize in the autoclave at 15 lbs. (120® C.) for 15 minutes after the 
pressure reaches 15 lbs. 

Sugar Broths. — Sugar broths shall be prepared in the same general manner 
as nutrient broth with the addition of 0.5% of the required carbohydrate just 
before sterilization. The removal of muscle sugar is unnecessary as the beef 
extract and peptone are free from any fermentable carbohydrates. The reac- 
tion of sugar broths shall be pH 6.4r-7.0. Sterilization shall be in the autoclave 
at 15 pounds (120® C.) for 15 minutes after the pressure reaches 15 pounds, 
pro\dded the total time of exposure to heat is not more than one-half hour; 
otherwise a 10% solution of the required carbohydrates shall be made in dis- 
tilled water and sterilized at 100® C. for Ij hours, and this solution shall be 
added to sterile nutrient broth in amount sufficient to make a 0.5% solution 
of the carbohydrate and the mixture shall then be tubed and sterilized at 
100® C. for 30 minutes, or it is permissible to add by means of a sterile pipette 
directly to a tube of sterile neutral broth enough of the carbohydrate to make 
the required 0.5%. The tubes so made shall be incubated at 37® C. for 24 hours 
as a test for sterility. 

Nutrient Gelatin. — To make one liter: 

1. Add 3 grams of beef extract and 5 grams of peptone to 1000 ml. of dis- 
tilled water and add 100 grams of gelatin dried for one-half hour at 105® C. 
before weighing. 
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2. Heat slowly on a steam bath to 65° C. until all ingredients are dissolved. 

3. Make up lost weight with distilled water and adjust the reaction so that 
final pH shall be 6. 4-7.0. 

4. Bring to boil. Filter through cloth and cotton until clear. 

5. Distribute in test-tubes, 10 ml. to each tube, or in larger containers as 
desired. 

6. Sterilize in the autoclave at 15 lbs. (120° C.) for 15 minutes after the 
pressure reaches 15 lbs. Cool rapidly as soon as possible. 

Nutrient Agar.-~To make one liter: 

1. Add 3 grams of beef extract, 5 grams of peptone and 12 grams of agar, 
dried for one-half hour at 105° C. before weighing, to 1000 ml. of distilled water. 
Boil over a water bath until all the agar is dissolved. 

2. Make up lost weight with hot distilled water and adjust the reaction so 
that final pH shall be 6.4-7 .0. 

3. Filter through cloth and cotton until clear. 

4. Distribute in test-tubes, 10 ml. to each tube, or in larger containers, as 
desired. 

5. Sterilize in the autoclave at 15 lbs. (120° C.) for 15 minutes after the 
pressure reaches 15 lbs. 

Note, — ^The Water Department Laboratories of New York City for many years have 
used and found the following method of clarifying agar very efficient; The prepared agar 
is placed in a suitable container and filtered upward by vacuum in a pressure cooker into 
four one-quart jars. The mouth of the jar is covered with a filter made of a thick wad of 
absorbent cotton 2 inches thick between tw'o layers of cotton flannel, the filter occupying 
the neck of the jar. The cotton flannel is tied securely in place on the outside of the neck. 
These jars are inverted in the container holding the agar and placed in the pressure 
cooker. The pressure is brought up to 15 pounds and allowed to cool. Upward filtra- 
tion takes place under vacuum. 

Eosin Methylene Blue Agar 

1. To 1000 ml. distilled water add 10 grams of peptone, 2 grams of dipotas- 
siumphosphate (K 2 HP 04 ) and 15 grams of undried agar. Boil ingredients 
until dissolved and make up any loss due to evaporation with distilled water. 

2. Place measured quantities (100 or 200 ml.) in flasks or bottles and sterilize 
in the autoclave at 15 pounds for 15 minutes. 

3. Just prior tq using, melt above agar in a water bath and add the following 
to each 100 ml. of agar: 

lactose, sterile 20% solution 5 ml. 

eosin, yellowish, 2% aqueous solution 2 ml. 

methylene blue, 0.5% aqueous solution 2 ml 

4. Mix thoroughly and pour medium into Petri dishes, allow to harden and 
inoculate by streaking on the surface. 

Endo Medium 
Formula I 

1. Preparation of Stock Agar. — Add 5 grams of beef extract, 10 grams of 
peptone and 30 grams of undried agar to 1000 ml. of distilled water. 

Boil until the agar is dissolved and make up lost weight with distilled water. 
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Adjust the reaction so that the pH reading after sterilization will be 7.4. 

Clarify if desired. Add 10 grams of lactose and dissolve. 

Place in small flasks or bottles, 100 ml. to each, and sterilize in autoclave 
at 15 lbs. pressure for 15 minutes after the pressure has reached 15 lbs. 

2. Preparation of Plates. — Prepare a 3% solution of certified basic fuchsin 
in 95% methyl alcohol. Allow to stand 24 hours and filter. 

Melt lactose agar as prepared above and to each 100 ml. add 1 mi. of the 
3% basic fuchsin solution and 0.125 gram of anhydrous sodium sulfite dissolved 
in 5 ml. of distilled water. The sulfite solution must be freshly prepared. Mix 
thoroughly, pour plates with usual precautions against contamination and allow 
to harden. 

The medium should be light pink when hot and almost colorless when cool. 
If the medium is too highly colored before incubation the strength of the basic 
fuchsin solution may be varied. 


Formula II 

Dipotassium phosphate 3.5 grams 

Bacto peptone 10.0 “ 

Agar (washed and dried) 15.0 “ 

tVater (distilled) 1 liter 

Lactose (c.p.) 10.0 grams 

To each 100 ml. of the above add: 

Sodi vim sulfite (Anhydrous) 0.25 '' 

Basic fuchsin filtered 10 Vo alcoholic solution 0..^) ml. 


Xom. — It is difficult to make a 10% solution with some basic fuchsin preparations. 

Brilliant- Green Lactose Peptone Bile. — The composition for approximately 
one liter is as follows : 

Dissolve 10 grams of peptone and 10 grams of lactose in not more tlmn oOO 
ml. of distilled water. 

Add 200 ml, of fresh ox bile or 20 grams of dehydrated ox bile dissolved in 
200 ml. of distilled water. The solution of dehydrated ox bile shall have a pH 
between 7.0 and 7.5. 

Make up with distilled water to approximately 975 ml, and adjust reaction 
to 7.4 pH. 

Add 13,3 ml. ofaO.1% solution of Brilliant- Green in distilled water and add 
sufficient distilled water to make the volume 1000 ml. Filter through cotton, 
distribute in fermentation tubes and sterilize at 15 lbs. pressure for 15 minutes 
after pressure reaches 15 lbs. Total exposure to heat should not exceed one- 
half hour. Cool rapidly after removal from autoclave. 

The reaction after sterilization should be between pH 7.1 and 7.4.® 

Brilliant-Green Lactose Peptone Bile of the above formula may be obtained 
mixed in dry form from the Digestive Ferments Company, Detroit, Mich., and 
has the following composition: 

Dried oxbile 20 grams 

Peptone 10 

Lactose 10 “ 

Brilliant-Green 0.0133 

* The pH may be determined colorimetrically with Hellige equipment by use of 
Phenol Rm indicator in 0,01% solution asing dilution of medium of 1 ; 4. Results 
check with those determined potentiometric^y. The color of the medium is com- 
pensated by the equipment. 



BACTERIOLOGICAL EXAMINATION OF WATER 2123 


For a water inoculum of 1 ml. or less or for loop inoculations the above dry 
material should be used in proportion of 4 grams to 100 ml. media water (dis- 
tilled) and tubed in 10 ml. quantities. The concentration of bile in the inocu- 
lated tube will then be 2% and of Brilliant-Green 1 part in 75,000. For 10 ml. 
water samples a total volume of water plus medium of 30 ml. is used and the 
medium is made using 6 grains of the above dry mixture per 100 ml. of media 
water, which results in the same final density of ingredients. 

For routine presumptive planting on a large scale it is simpler to make up 
double strength media as follows : 

Dissolve in 4 liters of hot distilled water, 160 grams of dessicated bile, 80 
grams of peptone, and add 15 ml. of N/1 sodium hydroxide. Remove from 
flame and add 80 grams of lactose. After solution filter through flannel, make 
up to original volume and add 10.6 ml. of 1% Brilliant-Green. 

For small tubes in which are planted 1 ml. or less of water, dilute 1500 ml. 
of the above to 3000 ml. and tube in 10 ml. quantities. 

For large tubes in which are planted 10 ml. of water, dilute 2500 ml. to 3750 
ml. and tube in 30 ml. quantities. 

For testing of 100 ml. quantities of water use the double strength media as 
prepared, 100 ml. quantities of media per 100 ml. quantity of water tested. 

Hesse Agar. — The composition for approximately 1 liter is as follows: 


Agar (dried) 4.5 grams 

Peptone 10. “ 

Beef extract, Liebig’s 5. “ 

Salt (sodium chloride) 8.5 “ 

Distilled water 1000. “ 


Dissolve 4.5 grams of dry agar in 500 ml. distilled water by heating over a 
free flame, making up loss in weight by evaporation. Into another vessel 500 
ml. of distilled water is poured and to this is added 10 grams of peptone, 5 
grams of Liebig’s beef extract, and 8.5 grams of salt. This is heated until 
all is dissolved and the loss in weight by evaporation is made up by adding 
distilled water. 

Add the two solutions together; boil 30 minutes; make up loss in weight 
with distilled water, filter through absorbent cotton held in the funnel by 
cotton flannel, passing the filtrate through several times until perfectly clear. 
Test the reaction; adjust, if necessary, to pH = 7.0, and tube, using 10 ml. in 
each tube. Sterilize for 15 minutes at 15 lbs. pressure in an autoclave. Cool 
with running tap water and store in an ice-chest, the air of which is saturated 
with moisture. 

Russell Media.— To ordinary extract agar adjusted neutral to litmus add 
1% of lactose and 0.1% of glucose and sufficient litmus to give a good color. 
Tube and slant leaving a generous “butt” at bottom of tube for stab inoculation. 



2124 BACTERIOLOGICAL EXAMINATION OF WATER 


EXAMINATION OF WATER FOR TOTAL BACTERIA 

The gelatine count is more particularly useful in connection with deter- 
mining the efficiency of filter plants, since the counts are higher than the agar 
counts (averaging usually about ten times as high) and in examination of well 
waters by indication of surface contamination through the presence of liquifiers. 

In plating with gelatine media it is usually necessary to use 0.1 ml., or less, 
as well as 1 ml., in order to obtain the right amount of colonies on a plate. 
Standard methods require planting in duplicate. 

Melt tubes of nutrient gelatine or nutrient agar in boiling water, — the 
latter needs thorough boiling for several minutes to soften entirely. Let cool 
until luke-warm, just barely warm to the touch. Shake the sample of water 
vigorously and introduce 1 ml. or less into the bottom of a petri-dish lifting the 
cover on one side but not removing from over the bottom. The quantity of 
water used should of course be accurately measured. Be careful not to con- 
taminate the pipette by touching to anything other than the inside bottom of 
the petri-dish. Use glass-covered petri-dishes for incubation at 20® C. and 
porous covers for 37® C., in order to overcome spreaders at the higher tempera- 
ture. Remove a tube of the media from the warm water, dry with a towel, 
remove the cotton plug, flame the open end of tube and pour into petri-dish. 
Carefully rotate dish to mix the media with the water and set on a level plate 
to harden. Agar hardens so quickly that it must be handled and mixed 
expeditiously. Incubate gelatine plates at 20® C. and agar plates at 37® C. 

The gelatine plates are counted after 48 hours and the agar plates after 
24 hours. 

Each minute bacillus must grow where caught in the solid medium and 
after sufficient time forms a colony large enough to be seen with, the naked eye. 
Many are however very tiny, so that a hand lens magnifying two and one-half 
diameters is used in counting. A tallying machine is used to keep count, one 
tally being made for every three colonies usually, to assist the speed of counting. 
For accuracy there should be 30 to 300 colonies on a plate, unless less than 30 
grew from 1 ml. Fictitious accuracy should be avoided. The following table 
should be followed in recording results: 

Number of bacteria per ml. 
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1 to 

,50 shall be recorded as found 
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The counting stand is usually marked to facilitate counting, for example, 
by concentric circles and lines through the center forming sectors. With high 
numbers four opposite sectors may be counted, situated at right angles to each 
other, and multiplied by a factor. 
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Examination for B. Coli 

B. coli (bacillus of the colon) represents a group of bacteria inhabiting the 
large intestines of man and animals. Its presence in water supply signifies 
possible sewage contamination and the latter means probable typhoid, dy- 
sentery, etc., germs. In fact if a drinking water becomes contaminated by 
sewage, an increase in typhoid fever is almost certain to follow. Animals do 
not spread typhoid though they may be a factor in paratyphoid. B. coli in a 
water supply may be due to harmless sources and so of little significance. 

The present Standard Methods define the coli-areo genes group as including 
all aerobic and facultative anaerobic Gram-negative non-spore-forming bacilli 
which ferment lactose with gas formation. 

Various classifications of the Coli group have appeared in Standard Methods. 
The following was included in the 1912 edition. One function of a classification 
is to make possible a satisfactory identification of distinct members. Numerous 
’members of this grouping were isolated at a hospital from pustules or sores, 
autogenous vaccine made from each variety isolated, the vaccine used, and the 
condition cleared up from which the original germ was isolated. For many 
years pure cultures of these organisms were maintained and their characteristic 
reactions persisted. This classification therefore appears to have decided use- 
fulness. 

Subclassification of B. coli ^ 

B. coli Group. — The general characteristics common to this group are: 

Fermentation of dextrose and lactose with gas formation, short bacillus 
with rounded ends, non-spore-forming, facultative anaerobe, gives positive test 
with esculin, grows at 20° C. on gelatine and at 37° C. on agar, non-liquefying 
in fourteen days on gelatine, gram-staining negative. 

The group consists of four species; 

B. comviunioT (Durham). 

B. communis (Escherich). 

B. aerogenes (Escherich). 

B. acidilactici (Hueppe). 

This group is differentiated as follows; 

B. COLI Group 
Dextrose -h 
I.actosc 4- 


1 ! 

Dulcitc -f Dulcite 

B. communior aer^fnes ^ 

B. communis locha 

I I 


II i ’ 

f5accharose -f Saccharose — Saccharose 4- Saccharose ^ 

B. communior B. comnmnis B- a^ogenes B. actdi laettet 

^ Adopted by A. P. H. A., 1912, and recommended by the author. 
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The “Standard Methods in testing for the colLaerogenes group require 
gas formation in lactose broth plus confirmation in accordance with the fol- 
lowing procedure: 

“The following classification is included in the 1936 edition of ^Standard 
Methods.’ Its chief usefulness is to divide the group into two broad types, 
B. coli and B. aerogenes. The latter type represents members that can persist 
under adverse conditions, hence less sanitary importance may sometimes be 
applied to their presence. In England, particularly, more importance is 
ascribed to the B. coli test. Attempt has been made to separate the aerogenes 
type into Fecal and Xon-fecal grouping, but as all types are found in human 
excrement this separation has not generally been found of any great importance. 


Coli- Aerogenes Group*— Reaction Classification 


Hcuction 

Combinations 

Pofwible Interpretation when Isolated from Water 
bj' the Standard Methods 

Common 

Source 

In- 

dol 

! 

M.R 

V.P. 

Cit- 

rate 

Usualb’’ 

Occasionally 

Applies to Pure 
Strains Only 

+ 

+ 


- , 

Esch. coli 

— 

Predominating in fe- 
ces, about 50% of 
group in sewage. 

— 

-h 

— 

— 

U It j 

Xon-memhers of group 

Minority in feces. 

+ 

+ 


+ 

Mixture 

Intermediate strains 
sometimes considered 
non-typical E. coli 

Minority in soil and 
sewage, rarely feces. 


+ i 



Intermediate 

strain 

Mixtures or slow-react- 
ing A. aerogenes 

Soil, minority in sew- 
age and feces. 

! 

+ 

+ 

+ 

-r 

Mixture 

Always mixture 

Atypical 

Soil, sewage. 

+ 

— 

+ 


Mixttire 

A. cloacae 

Soil, minority in sew- 
age and feces. 

— 



+ 

A. aerogenes 

Mixture 

Majority in soil and 
on vegetables. 



! + 

1 + 



Vp to 50% of total 
group in sewage. 




+ 

Extraneous form 

A. aerogenes 

Minority in feces. 


“The latest edition of ‘ Standard Methods,’ now sponsored by both the 
American Public Health Association and the American Water Works Associa- 
tion, has been greatly changed and improved by allowing confirmation of the 
coU-aerogenes group from gas formation in lactose broth by transplanting to 
several specific liquid media for confirmation by gas formation. These four 
media are Hrilliant-Green lactose bile, Crystal-Violet lactose broth, Fuchsin 
lactose broth, and Formate Ricinoleate broth. Confirmation may also be 
obtained by typical reaction and appearance on Endo agar or Eosin Methylene- 
Blue agar. 

“‘Standard Methods’ prescribes the following: 

“The standard tests for the coli- aero genes group shall be either the Pre- 
sumptive, the Confirmed, or the Completed test. 

“ Presumptive Test. — The formation of gas in a standard lactose broth 
fermentation tube within 24 hours at 37° C. or the formation of gas during a 
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second 24 hour period with confirmation as described in the next paragraph 
is presumptive evidence of the presence of members of this group. 

** Confirmed Test. The formation of gas within 48 hours at 37® C. in a 
specified liquid confirmatory medium seeded from a lactose broth tube in which 
gas is formed, or the appearance of aerobic lactose splitting typical colonies on 
a specified solid confirmatory medium made from a lactose tube in which gas 
is formed, confirms the presumption that gas formation was due to the presence 
of the coli-aerogenes group, 

“ Completed Test. — To complete the demonstration of the presence of this 
group, it is necessary to show that one or more aerobic plate colonies consist of 
Grain-negative Non-spore-forming bacilli, which, when inoculated into lactose 
broth, form gas,” 

When it is desired to differentiate between the coh and the aerogenes sections 
of the coli-aerogenes group, the detailed procedure shall not follow primary 
planting in liquid media, but shall be based upon primary planting in solid 
media. 

Presumptive Test 

1. Inoculate a series of lactose broth fermentation tubes with appropriate 
graduated quantities of the water to be tested. Each tube must contain at 
least twice as much medium as the portion of sample to be tested. 

2. Incubate at 37® C. for 48 hours unless gas appears earlier. Examine 
each tube at end of 24 hours and, if no gas appears then, again at end of 48 hours. 
Record presence or absence of gas formation at each examination. More 
detailed records of amount of gas formed are not necessary for carrying out the 
standard tests. 

3. Formation within 24 hours of gas in the inverted vial in the fermentation 
tube constitutes a positive presumptive test. 

4. If no gas or only a small bubble is formed in 24 hours, incubation shall 
be continued to 48 hours. If gas in any quantity is present after the second but 
not the first 24 hour incubation period, the test is considered as doubtful and 
the presence of organisms of tlie coli-aerogenes group should be confirmed. 
Confirmed tubes may then be given the same consideration in the presumptive 
test as those showing gas formation in the first 24 hour period. 

5. The absence of gas formation after 48 hours incubation constitutes a 
negative test (the exclusion of occasional slow gas-forming organisms is con- 
sidered immaterial). 

Confirmed Test 

The use of Endo or Eosin Methylene Blue plates or one of the following 
liquid confirmatory media is permitted: Brilliant-Green lactose bile, Crystal- 
Violet lactose broth, Fuchsin lactose broth, Formate Ricinoleate broth. The 
order in which these media are named does not signify their relative values. 
For confirmation all are equivalent. Selection of any one should depend upon 
correlation with a series of completed tests. 

1 . Endo or Eosin Methylene-Blue Plates. — Streak one or more plates from 
a tube showing gas formation in lactose broth from the smallest amount of 
Water tested. It is desirable to make transfers as soon as possible after gas 
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formation occurs. In order to obtain typical results it is essential that plates 
be streaked so as to insure presence of some discrete colonies. Transfers 
should be made not later than the end of the first 24 hour incubation period if 
gas is formed during tMs time. If at the end of 48 hours gas is formed in tubes 
containing less of the sample of water than at 24 hours, transfers should be made 
from these tubes. (If larger amounts are not transplanted for confirmation, 
they should be recorded as confirmed, even though the smaller portions may 
fail subsequently to confirm.) 

Incubate the plates at 37® C. for 18 to 24 hours. 

If typical colonies develop upon the plates within this period, the confirmed 
test may be considered positive. If, however, no typical colonies develop 
within 24 hours, the test cannot be considered definitely negative and the 
completed test should be made. 

2. Liquid Confirmatory Media. — Transfer from a lactose broth tube showing 
gas to the fermentation tube containing the selected confirmatory medium. 
It is recommended that all lactose broth tubes showing gas be confirmed to 
comply with this test, but it is allowable to follow the procedure outlined for 
solid media. Transfers should be made as soon as gas appears. In routine 
testing it is convenient to make observations and transfers at the end of 24 
and 48 hours. In making transfers the tube showing gas shall first be gently 
shaken or mixed by rotating and the transfer shall be made by means of a wire 
loop not less than 3 mm. in diameter; or it is permissible to use the sterile 
capillary tube or sterile pipette when it is considered desirable to transfer larger 
amounts. 

Incubate the inoculated confirmatory tubes for 48 hours at 37® C. 

The formation and presence of gas in any amount in the inverted vial in 
the fermentation tubes at any time within 48 hours constitutes a confirmed test. 

Completed Test 

Streak one or more Endo or Eosin Methylene-Blue plates from the lactose 
broth tubes which show gas from the smallest amount of water tested or from 
the secondary selective medium tubes w’hich show gas. If these plates are 
streaked from the original lactose broth tubes they should be made at the 
same time that the secondary selective medium tubes are planted. If plates 
are used for the confirmed test, completion may be continued after incubation. 

Incubate the plates at 37® C. for 18 to 24 hours. 

Identificatioa. — From the plates fish one or more typical colonies, or if no 
typical colonies are present, fish two or more colonies considered most likely to 
be organisms of the coli aero genes group, transferring each to an agar slant and 
a lactose broth fermentation tube. The lactose broth fermentation tubes thus 
inoculated shall be incubated until gas formation is noted, not to exceed 48 hours. 
The agar slant shall be incubated at 37® C. for 24 hours, when a microscopic 
examination for spores and a Gram stain of at least one culture shall be made, 
selecting when possible the one which corresponds to one of the lactose broth 
fermentation tubes that has shown gas formation. If none of the lactose broth 
fermentation tubes contain gas at the end of 24 hours, all agar slants shall be 
examined, and corresponding tubes examined on the following day. 

Results. — The formation of gas in lactose broth and the demonstration 
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of Gram-negative non-spore-forming bacilli in the agar culture shall be con- 
sidered a satisfactory completed test. 

The absence of gas formation in lactose broth or failure to demonstrate 
Gram-negative non-spore-forming bacilli in a gas-forming culture constitutes 
a negative test. 

When spore-forming lactose fermenting organisms are found, the culture 
should be further studied to ascertain the possible presence of the coli aerogenes 
group with the spore-bearing organism. This may be done by transferring the 
culture to Formate Ricinoleate broth and incubating 48 hours at 37° C. If 
no gas is produced only spore-forming lactose fermenters are present. If gas 
is produced members of the coli-aerogenes group may be present. If gas is 
produced, the presence of coli-aerogenes organisms should be verified by inocu- 
lation of a tube of standard lactose broth and an agar slant. If, after 48 hours, 
gas is produced in the former and no spores are present in the latter, the test 
may be deemed “completed." If spores are present, for practical purposes the 
organisms of the coli-aerogenes group may be considered absent. 


Selection of ColT- Aerogenes Tests 


The laboratory \vorkcr shall be guided by the following basic considerations: 

The Completed Test shall be applied to the smallest gas-forming portion or 
portions of 

any sample of drinking water upon which sufficient data are not 

available to justify the application of the Confirmed Test. 

any sample of drinking water upon which the previous records indicate 

the inapplicability of the Confirmed Test. 

any sample of drinking water which is being examined with reference 

to the U. S. Treasury Standard. 

The Confirmed Test may be applied to the smallest gas-forming portion or to 
all portions showing gas, from 

any sample of raw water, water in process of purification, or water 

prepared for human consumption where a sufficient number of prior examina- 
tions have established a satisfactory correlation of the Confirmed Test with the 


Completed Test. , , . , 

miscellaneous samples from any other source where it is known that 

the Presumptive Test is too broadly inclusive. 

The Presumptive Test may be applied to the smallest gas-fornung portion 

or portions . i • i 

in examination of sewage, sewage effluents, or water showing relatively 

high pollution, where fitness for use as drinking water is not under consideration, 

and . T ^ ^ 

in the routine examination of raw waters m purification plants, pro- 
vided that records indicate that the Presumptive Test is not too inclusive for 
the production of data statistically comparable to that obtained upon the 

finished water. , , , , 

The above procedure is too troublesome for a laboratory handling large 
numbers of routine samples. The work is too great and the tune too long lor 
the value of the results. It was adopted because of the fact that B. mlchii, 
a spore-forming group (though probably of fecal origin), also forms gas in 
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lactose media. B, welchii is obligate anaerobic, gram positive, esculin negative, 
and a spore-former. It may easily be differentiated from B. coli by its appear- 
ance in a hanging drop. (Prepare hanging drop by placing a drop of salt solu- 
tion, 0.85% sodium chloride, on a sterile coverglass and mix with a minute 
portion of the culture, taken direct from the fermentation tube. Invert this 
cover slip over a hollow slide, sealed by a ring of vaseline, and examine under 
the microscope.) It is a large, n on-motile bacillus, occurring in chains particu- 
larly when grown in lactose bile media, as mentioned in the 1912 edition of 
‘‘Standard Methods.” In a few instances aerobic spore-forming bacilli have 
been described which fermented lactose broth, but such instances are extremely 
rare, and they have not been found in lactose bile. 

In 1920 the lactose bile medium was improved by the additions of Brilliant- 
Green which dye eliminates spore-formers of the B. welchii type. Originally 
the proportion of dye was 1/10,000 in 5% bile media. Extensive work by 
Committees of the American Water Works Association and the American 
Public Health Association has resulted in the development of a somewhat more 
delicate medium by using 1/75,000 Brilliant-Green in 2% bile as the final dilu- 
tions after addition of the water to b6 tested. The Department of Water 
Supply Laboratories of New York City have since establishment in 1897 relied 
upon presumptive tests for the B. coli group without confirmation to safeguard 
the supply. The media used have been improved from time to time. Since 
1920 Brilliant- Green bile has been used because of its elimination of B, welchii. 
Beginning July 1st, 1933, the new formula recently standardized, 2% bile and 
1/75,000 Brilliant-Green, has been used. Requirement of 10% minimum 
amount of gas formed has been retained for two reasons: first, possible inversion 
of a small amount of lactose to dextrose during autoclave sterilization and, 
second, the fact that vigorous forms of B. welchii may produce as much as 10% 
gas in this medium containing such a reduced quantity of Brilliant- Green. 

Brilliant- Green bile gives a true comparative picture of the quality of the 
water supply from the watershed to the distribution system. In freshly 
polluted waters it eliminates practically none of the coli-aerogenes group and 
may surpass lactose broth. In stored and chlorinated waters attenuated forms 
of B. coli arc eliminated. The author lays great sanitary stress upon this fact. 
Numerous investigations including those at Mt. Prospect Laboratory and those 
of the late Alexander Houston of London have shown that in two weeks time 
90-99% of B. typhi contamination of water is eliminated and in two months 
time practically all B. typhi. The rapidity of gas formation is largely governed 
by attenuation of the bacilli. Gas formation on the second day with none or 
only a small amount on the first day indicates generally contamination beyond 
two weeks previous and three days’ requirement for 10% gas may mean as 
much as a two months interval. The presence of the coli-aerogenes group may 
mean presence of animal as well as human contamination. There is no method 
of distinguishing between the two sources. The presence of human contamina- 
tion means only the possibility of typhoid bacteria since less than 1% of the 
population are typhoid carriers. There is therefore a very large factor of 
safety in judging the sanitation of a water from the presence or absence of the 
coli-aerogenes group and elimination of attenuated forms of B. coli is decidedly 
important. Numerous comparisons between presumptive and completed 
tests have been made so that possible error is known. An enormous amount of 
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work is eliminated by the above presumptive use of Brilliant-Green bile, in 
addition to saving of media, equipment, incubator space, and force. That the 
above procedure has been safe in the case of the City of New York is shown by 
the extremely low typhoid death rate of 0.3 (1937) per hundred thousand 
population, and the fact that since 1907 particularly since starting of chlorina- 
tion no cases of typhoid fever have been traced to the water supply nor has it 
been under suspicion. 

In testing for B. coli 0.1 ml., 1 ml., and 10 ml. portions of water are in- 
troduced to the bottom of the bile tubes, or in polluted waters quantities varying 
by decimal multiples or fractions until a negative test is obtained. At im- 
portant chlorination stations 100 ml. portions of water are examined. Sewage 
will usually show a positive test in 0.000001 ml. The plantings are made at 
the same time that the plates are prepared for total counts. The tubes are 
incubated at 37® C. for three days. 10% of gas within three days is a positive 
test. Tubes showing no gas in two days arc discarded. 

Examination for B. Typhi, etc. 

Hesse agar is retained in the text as a possible simple method of isolation of 
B. ty'phi from water supply because it was successfully used to accomplish this 
purpose several times following its development. This was true by use of even 
small amounts of water such as 1 ml. Preliminary use of bile media precedes 
the test on the agar. 

The water laboratories of London, England, have successfully isolated 
B. typhi and B. paratyphi-B from sewage and water by methods described in 
the annual reports of former Director of Laboratories Alexander Houston. 
The reports should be consulted for details, particularly the 26th Annual 
Report, Metropolitan Water Board for 1931, pages 2G, 27, and 31, for isolation 
of B. paratyphoid-B . 

This test is only made in cases of special investigation. 

Direct test for B. typhi may be made from the bile tubes or from larger 
quantities of water incubated in bottles of bile.*^ Dilutions from the inoculated 
bile media are mixed with 10 ml. melted Hesse agar (see Preparation of Media) 
in petri dishes with porous tops. The poured plates are hardened in the ice-box 
and then incubated 24 hours at 37° C. The colony is characteristic only when a 
few colonies are on a plate. They are large size, have a dense white nucleus, 
then translucent zone, then dense white seam. The colonies are perfectly 
round. They retain their appearance if placed in the ice-box, and as they 
develop further produce another translucent area and another seam, etc., 
giving the appearance of concentric rings. Other large colonics of other species 
usually become dense throughout. Forms most likely to interfere are B, para- 
iypkif B. pyocyaneouSy B. fluorescens liquefaciens, and some very motile forms 
of B. coli. 

From the edges of the colony direct tests should be made for B. typhi and 
B. para-iyphi by speciSc agglutination tests. 

Transplants may be made to Endo media instead of Hesse agar and the 
colorless colonies picked for the identifying tests. 

* In the latter case it is preferable to omit lactose from the bile media. 
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Widal Test. — To make the Widal test place a small portion of the culture 
in a drop of normal salt solution on a cover glass, and invert it over a rubber 
ring on a glass slide, using vaseline on the edges so as to prevent evaporation 
and consequent movement by currents in the drop. 

If the bacteria are motile rods resembling 5. typhi add a drop of equal size 
of highly diluted anti-typhoid serum (the latter diluted with physiological salt 
solution). If in the course of half an hour the bacteria cease their motions 
and agglutinate, the presence of B. typhi is practically established. In rare 
cases, some strains of B. coli and allied species may respond to the Widal test, 
but almost invariably in dilutions of 1-50 or less. The high-power dry lens is 
best for this work. 

To determine the point of highest • dilution at which agglutination takes 
place the Widal test is best made in tubes and examined macroscopically. 
Place a series of small test tubes in a rack and pour into each varying dilutions 
of anti-typhoid serum. To each tube add an equal amount of 24-hour broth 
culture of B. typhi and incubate at 37® C. for at least three hours. The highest 
dilution at which precipitation takes place is the highest point of agglutination. 

Russell Media. — As additional rapid means of differentiating between B, 
typhi and B. para-typhi A and B, needle stabs may be made into tubes of Russell 
media (see Preparation of Media) and incubated at 37® C. The reactions are 
based on the fact that the bacilli gro^ung aerobically, that is on the slant, only 
utilize the carbohydrate when present in amounts over 0.1%, whereas, growing 
anaerobically stabbed in the butt, they must utilize the carbohydrates for their 
oxygen supply and therefore ferment the trace of glucose present. The indi- 
cations of the Russell media reactions are as follows: 

B. coli Group — Russell media — Slant, acid (Glucose, acid and gas) 

Butt, acid and gas (Lactose, acid and gas) 

B. typhi Group 1 fSlant unchanged (Glucose, acid only) 

B. dysentery Group X Russell media < Butt, acid only (Lactose, not 
J [ fermented) 

B. paratyphi Group \ fSlant unchanged (Glucose, acid and 

B. enteritidis Group j media j (Lactose, not 

J I fermented) 

B. alkaligenes Group — Russell media — Slant unchanged (Glucose, not 

fermented) 

Butt unchanged (Lactose, not 
fermented) 

In distinguishing between typhoid and dysentery (true or Shiga type) — 
typhoid bacilli are motile, dysentery non-motile, typhoid produces acid in 
mannite, dysentery does not. 

There also exist three types of para-dysentery (non-motile) : Type I (Park- 
Hiss), type II (Flexner) and type III (Strong). Para-<iysentery are different 
from true dysentery in that they produce acid with mannite (the same as 
typhoid) but they all give positive indol, while dysentery and typhoid do not. 
Indol is sometimes doubtful with Flexner. The three para-dysentery groups 
are further distinguished among themselves by their reactions upon maltose 
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and saccharose. The type I produces acid in neither, type II produces acid 
in maltose but not in saccharose, type III produces acid in saccharose but not 
in maltose. The usual final test for all these different types of typhoid and 
dysentery is the agglutination with specific serums. The sugar fermentation 
tests must be made upon freshly isolated cultures since after artificial cultivation 
Park-Hiss strains may ferment maltose and Flexner strains saccharose as 
demonstrated by Hiss and by Lentz, 

The members of the typhoid, para-typhoid, dysentery and para-dysentery 
groups all form colorless colonies upon Endo media. This is frequently the 
starting point for isolation. 
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MISCELLANEOUS ANALYSES* 

ANALYSIS OF ACETONE ^ 

PURITY 

Reagents* — NI20 Na^SiOz is made up and standardized carefully against 
K2Cr207. For accurate work standardized burettes must be used and burette 
corrections and temperature corrections applied, 

N 1 10 Iodine is made up and is standardized at the time of making a deter- 
mination The standardization consists in titrating against the N/20 Na2S203 
50 ml. of iodine mixed with the same amounts of XaOH and II2SO4 as are used 
in the determination of acetone. The titrations are made in triplicate and the 
average of the three with burette and temperature corrections is used as the 
blank in making the calculation. 

Normal NaOH is made up and standardized against 2 N sulfuric acid. 

2 N Sulfuric Acid is made up and checked against 1 N NaOH and the 
strength adjusted so that 25 ml, of the acid will neutralize 50 ml. of the NaOH. 

Starch Solution is prepared according to standard procedure. 

Preparation of Sample. — Approximately 1.4 grams of acetone are carefully 
weighed by one of the following methods and made up to a volume of one liter. 

(a) Glass ampules y% to 54" in diameter are blown and after filling with 
acetone are sealed. The exact weight of sample is determined by the difference 
in weight of the empty and filled ampule. Samples varying in weight more than 
plus or minus 0.1 gram from 1.4 gram should be rejected. The glass ampules 
are dropped into 500 ml. glass-stoppered bottles containing 200 ml. of boiled 
distilled water and broken by shaking. The capillary stem is then carefully 
crushed with a glass rod to allow thorough washing out of the acetone and the 
sample and combined washings made up to one liter at 20® C. 

(b) A quicker, easier method is to weigh out 1.75 ml. of acetone from a 2 ml. 
pipette graduated in tenths of a ml. into a small glass-stoppered weighing bottle, 
conical shape, capacity 12 to 51 ml, (as listed in Eimer and Amend's catalogue. 
This volume will weigh approximately 1.4 grams. The weighing bottle is 
inverted and the mouth held under the surface of boiled distilled water in a 
liter beaker. The stopper is then removed under water by means of a glass 
rod with a hook on the end. The bottle is thoroughly washed out and the water 
and acetone are transferred to a one liter flask and made up to the mark at 20° C. 

Procedure. — Three 25 ml. aliquots from each of 3 flasks made up according 
to (a) or (6) under Preparation of Sample are pipetted into 750-ml. Erlenmeyer 
flasks containing 50 ml. of the IN NaOH solution. A Bureau of Standards 
pipette is used for taking the samples from the flasks. Into each flask is run 
with constant shaking 50 ml. of th^N /lO Iodine. The flasks are then stoppered 
and allowed to stand at about 20° C. (cooling necessary in warm weather) for at 

* Edited by N, H. Furman, 

^ Method of Commercial Solvents Corporation, 

2134 



MISCELLANEOUS ANALYSES 


2135 


least 20 minutes. At the end of this time 26 ml. of the 2 N sulfuric acid are 
poured into the first flask which is then titrated immediately against N/20 
Na2S20s. The solution must be acid before any thiosulfate is added, otherwise 
the determination is ruined. When the color of the iodine has almost faded 
out, starch solution is added and the titration continued until the blue color 
disappears and the bright yellow color of the iodoform suspension is reached. 
The mis. of thiosulfate are read, the burette and temperature corrections are 
applied and the corrected reading subtracted from the average corrected blank. 
Percentage of dimethyl ketone by weight is then calculated from the following 
formula; 

(ml. Na 2 S 203 for blank — ml. Na 2 S 203 for sample) X NX. 9675X40 
Weight of acetone taken for dilution 

= % CO (CH 3)2 by weight. 

The following precautions must be observed ; 

1. Only boiled distilled water should be used in preparing the solutions and 
throughout the determination. 

2. Standardized glassware must be used and burette and temperature cor- 
rections must be applied to all readings. 

3. Weight of sample taken and amount of iodine solution used must be as 
specified. With these amounts the 35 to 40% excess of iodine, found to be 
optimum for completion of the iodoform reaction, will be present. Use of the 
small glass-stoppered bottle de.scribed in (b) under Preparation of the Sample 
with the 2 ml, pipette insures uniformity in the weight of sample taken. 

4. The iodine solution must be added slowly and with constant shaking. 
The Bureau of Standards calibrated burettes with fine tip and delivery time of 
approximately 2 minutes have been found very satisfactory. 

5. A slight excess of acid must be added just before the titration with thio- 
sulfate. Too great an excess will give low results. 

Specific Gravity. — The specific gravity is determined at 20/20 C. using a 
standardized pycnometer. 

_Add 50 ml. of the sample to 50 ml. of neutral distilled Avater in a 
300 ml. Erlenmeyer flask and titrate with N/lOO NaOH to a faint pink colora- 
tion using phenol phthalcin as indicator. 

ml. NaOHXN X2.2 _ 

— % acid as CO 2 , 

39.7 ^ 

where 

N = Normality of NaOH, 

39.7 = Weight of 50 ml. sample (Sp.gr. .795). 

Water. — Shake together one volume of the sample and three volumes of 
benzene in a test tube. Any water present will be precipitated by the benzene 
thus imparting a turbidity to the solution in the tube. 

Color. — The sample is compared with a sample of distilled water. It 
should be absolutely colorless with no cloudiness or solid matter. ^ ^ 

Residue —Evaporate 25 ml. of the sample to dryness in a tared porcelain 
or preferably a tared platinum crucible over a water bath. Dry to constant 
weight at 110'^ C. in an oven. 
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Weight of residue or i 

Weight o7 sample ^ ^ Residue on Evaporation, 

Miscibility with Water. — A sample of acetone is shaken with various pro- . 
portions of water. Report any turbidity and the ratio of acetone to water 
which gave it. 

ElMnO^ Test. — 1 ml. of 0.1% KMn 04 solution is added to 100 ml. of the 
sample in a 200'nil. Florence flask and allowed to stand at 15.5® C, Report 
the time required for the permanganate color to fade. Allow to stand at least 
5 hours, if fading does not come sooner. 

Detection of Aldehydes in Acetone 

Reagent. — Add a 10% solution of ammonia to a 5% solution of silver nitrate 
until the precipitate which is formed just redissolves. Keep in dark bottle. 

Procedure. — Add 10 ml. of the sample to be tested to a test tube or small, 
tall form, weighing bottle and add to this 5 ml. of the above reagent. Shake 
and place immediately in a dark closet. It is necessary to shake the test tube 
vigorously every five minutes during the test. When viewed against a white 
background any precipitate or dark color after twenty minutes in the dark 
closet would indicate the presence of aldehydes. 


ACETONE 

ANALYSIS OF ACETONE BY MESSINGER’S METHOD 

An amount of acetone in aqueous solution, equivalent to 30-40 mg., is 
pipetted or added to 50 ml. of N sodium hydroxide solution contained in a 
glass bottle which can be closed with a ground glass stopper. After standing 
for 5 minutes, about 25% excess of a 0.1 N solution of io^ne is run in from a 
burette with continual shaking. It is essential to shake properly or to keep the 
liquid in continuous rotation. The excess of iodine is needed to complete the 
reaction.* The bottle is then stoppered and the solution allowed to stand for 
at least 10 minutes (20 minutes in cold weather) . 

Twenty-five ml. of 2 N sulfuric acid is then added from a measuring cylinder, 
0.3-0 .4 ml. being added in excess of the amount found necessary to neutralize 
the 50 ml. of caustic soda solution. A 0.05 N solution of sodium thiosulfate is 
then added from a burette until the yellow color just remains visible. Freshly 
prepared starch solution is now added and the titration finished. 1 ml. of 
0.1 N iodine =0.96747 mg. of acetone. 

If a larger excess of sulfuric acid is added, too much thiosulfate is required, 
and the real amount of iodine solution required is thus reduced (see below). 

• L. F. Goodwin, J. Am. Chem. 8oc., 42, 39 (1920). 
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If the bottle is not shaken vigorously while adding the iodine solution, the 
iodine cannot act completely on the acetone. 


ALCOHOL 

DETECTION AND ESTIMATION OF ALCOHOL 

Detection of Alcohol. — Ethyl or “ grain alcohol ” C2H5OH boils at 78 . 4 ^^ C. 
so that it readily distills with steam. If an appreciable 
amount of alcohol is present in the liquor it may be de- 
tected by the odor of the solution or in the first fraction of 
its distillate. 

Iodoform Test. — A few ml. of the liquor are distilled and 
tp this distillate is added a small crystal of iodine or a few 
ml. of aqueous solution of iodine-potassium iodide solution, 
followed by sufficient potassium hydroxide to give the 
liquid a distinct yellow to brownish color. The solution 
is warmed gently. If alcohol is present a whitish to lemon 
yellow precipitate of iodoform will appear. The odor of 
iodoform may be noted. If the crystals form slowly they 
arc deposited in form of perfect stars and hexagonal plates. 

This test is not conclusive of alcohol as other organic 
materials also give iodoform. 

Berthelot's Test. — The distillate of the liquid is vigor- 
ously agitated with a few drops of benzoyl chloride and 4 
or 5 drops of 10 % solution of sodium hydroxide, until the 
penetrating odor of benzoyl chloride has disappeared. The 
characteristic odor of ethyl benzoate will be detected if 
alcohol is present in the liquid tested. 

Reaction: CoHsOH+CftHs-COCl+KOH^CsHs* 

CO.OCsHs+KCl-hHzO. 

Ethyl Acetate Test. — The liquid (distillate) is mixed 
with the same volume of concentrated sulfuric acid. A very 
small quantity of anhydrous (fused) sodium acetate is 
added and the mixture warmed. The odor of ethyl acetate will be recognized 
if alcohol was present in the liquid tested. 

Reactions: C2H50H+H2S04 = C2H50 S02*0H+H20. 

C2H6O.S02.OH+CH3.C0.ONa-CH3.C0.0C2HB-hNaHS04. 

DETERMINATION OF ALCOHOL 

In carbonated liquids the carbon dioxide should first be expelled by pouring 
the liquor back and forth from one beaker to another, or by vigorously shaking 


r\ 



Fig. 297. 
Pycnometer. 
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the sample in a large separatory funnel and drawing off the lower portion, re- 
peating this several times if necessary. After treatment the liquid should be 
free from foam. 

Distillatioii Method. — This is the most accurate method for determination 
of alcohol. A convenient quantity of the sample is accurately measured or 
weighed, according to whether the per cent by weight or measure is desired. 
The weight taken varies from 25 to 100 grams, according to the alcohol content 
of the sample. 

The sample is placed in a 250 to 400 ml. round-bottom flask and diluted to 
150 ml. The flask is connected to a condenser and 90 to 95 ml. of the liquid is 
distilled into a narrow-necked flask. The distillate is made to exactly 100 ml, 
with distilled water. 

The specific gravity of the thoroughly mixed distillate is taken by means of 
the pycnometer or by the Westphal balance, the temperature of the liquid 
being exactly 15.6° C. From the specific gravity the corresponding percentage 
of alcohol by weight or by volume, or the grams per 100 ml. in the distillate, 
is ascertained from the accompanying tables. 

The percentage of alcohol by weight in the sample is obtained by multi- 
plying the per cent by weight in the distillate by the weight of the distillate, 
and dividing by the weight of the sample taken. The per cent by volume is 
obtained by multiplying the per cent by volume in the distillate by 100 and 
dividing by the volume of the sample taken. 

Evaporation Method. — Should a distillation apparatus not be available the 
following method may be used. The specific gravity of the original sample is 
determined, the temperature being regulated to 15.6° C. A measured portion 
of the liquor (50-100 ml.) is placed in a porcelain dish over a water bath and 
three fourths of its volume evaporated off. The concentrate is diluted to 
exactly its original volume and its specific gravity again taken at 15.6° C. To 
apply the table add 1 to the original specific gravity and from this total sub- 
tract the second specific gra\ity. The difference is the specific gravity corre- 
sponding to the alcohol in the liquor. For example, if the specific gravity of the 
original solution was 0.9989 and the de-alcoholized sample was 1.0005, then 
1.9989 — 1.0005 — .9984 = 1.06% alcohol, by volume. 

If the liquor is free from residue its specific gravity may be taken directly 
without distillation and the alcohol content determined, provided it is a mixture 
of water and alcohol. 


ANALYSIS OF GRAIN ALCOHOL (ETHYL ALCOHOL, SPIRITS OF 
WINE, COLOGNE SPIRITS) 

Per cent Ethyl Alcohol. — The method of determining per cent of alcohol 
by the distillation of the alcohol from liquors ha.s already been discussed. In 
straight grain alcohol the specific gravity may be taken directly by means of 
the Westphal balance or by means of the pycnometer and the amount of 
alcohol by weight or volume obtained from the tables on pages 2142-6. 

Proof . — This is obtained by multiplying the per cent by volume of the 
ethyl alcohol by 2. 

Kon-volatile Residue. — 100 ml. of the sample, in a large platinum (tared) 
dish, are evaporated on the water bath to a moist residue. The evaporation to 



MISCELLANEOUS ANALYSES 


2139 


dryness is accomplished in a water oven for two and a half hours at 100° C. 
The weight of the residue divided by the specific gravity gives per cent of 
non-volatile residue. 

Acidity Expressed as Acetic Acid. — 10 ml. of the alcohol are titrated with 
N /lO NaOH in presence of phenolphthalein indicator. 

1 ml. N/10 NaOlI = 0.006 gram acetic acid. 

Distilled Solution for Determining Aldehydes, Furfural and Esters (A). To 
250 ml. of the sample 30 ml. of water are added and the liquor distilled into a 
250-m]. volu’metric flask. When the distillate has almost reached the mark 
the distillation is discontinued and the volume made up to mark by addition of 
water. The distillate contains all the aldehyde, furfural and esters. 1 ml. of 
this solution is equivalent to 1 ml. of the original sample. 

ALDEHYDES 
Qualitative Examination 

Alkaline Silver Nitrate Reagent. — Three grams of AgNOg are dissolved in 
a little water in a 100-mI. volumetric flask, 3 grams of pure NaOH are added 
followed by 20 ml. of strong NH4OH and the whole made to 100 ml. 

Test. — Ten ml. of the sample are diluted with an equal volume of water in 
a glass stoppered bottle, 1 ml. of the alkaline silver reagent added, and the 
bottle is closed and placed in a dark chamber for an hour. The liquid is now 
filtered and the filtrate made acid with HNO3 and a few drops of HCl added. 
A precipitate of AgCl indicates the non-reduction of the silver salt and conse- 
quently a negligible amount of aldehyde in the sample. 

Quantitative Determination oe Aloehydb 

Reagents: Alcohol — Aldehyde-free. — To 1.5 liters of 95% ethyl alcohol 
are added 25 grams of NaOH in a large distilling flask and all but 100 ml. 
distilled over. To this distillate are added 2.5 grams of meta-phenylenediamine 
hydrochloride, the sample being placed in a large flask with reflux condenser. 
After heating on a steam bath for several hours the solution is distilled down 
to about 200 ml. The distillate (rejecting the first 100 ml.) is placed in a 
stoppered bottle for use. 

Fuchsin-Sulfite Solution.— To 0.5 gram of fuchsin dissolved in 500 ml. 
of water are added 5 grams of SO2 dissolved in water. (100 ml. H2O saturated 
with SO2 at 20° C. contains 11.29 g. SO2, at 15°C. = 13.5 g, SO2 Seidell. 
Determine by titrating with N/10 iodine sol. 1 ml. = .0032 g. SO2.) Dilute 
to 1000 ml. and allow to stand until colorless. The solution retains its strength 
only a few days, so should be made up in small quantities at a time. 

Standard Acetaldehyde Solution.— Two grams of aldehyde ammonia are 
purified by repeated extraction with ether, grinding the salt with the ether in 
a mortar and decanting off the ether. The salt is dried by blowing air over 
it and finally placing it in a vacuum desiccator over concentrated H 2 SO 4 . 
1.386 gram of the purified salt is dissolved in 50 ml. of the 95% alcohol reagent 
prepared as stated above. To this are added 22.7 ml. of N alcoholic H 2 SO 4 
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(49.04 grams H2SO4 made up to 1000 ml. with 95% alcohol) and the solution 
made to 100 ml. with 95% alcohol. To compensate for the (NH4)2 SO4 pre- 
cipitated 0.8 ml. alcohol is added. After standing all night the solution is 
filtered. 100 ml. of this reagent contains 1 gram of acetaldehyde. It retains 
its strength 

Reagent for Standard. — Two ml. of the above solution diluted with 50% 
alcohol to 100 ml. 1 ml. contains 0.0002 gram acetaldehyde. Make up fresh 
for use. 


Procedure for Aldehydes 

Ten ml. of the solution A are diluted to 50 ml. with the aldehyde free alcohol 
(diluted to 50% by volume), 25 ml. of fuchsin reagent are added and the mixture 
allowed to stand for 15 minutes (all reagents and the sample should be at 15° C.). 
The solution is now compared colorimetrically with standards made up in the 
same way. Nessler tubes may be used. Comparison may be made in a 
colorimeter. From this the per cent aldehyde is readily calculated. 

Determination of Furfural 

Standard Furfural Reagents. — One gram of freshly redistilled furfural is 
dissolved in 100 ml. 95% alcohol (furfural free). This solution keeps. 

One ml. of the strong solution is diluted to 100 ml. with 50% (by volume) 
alcohol. 1 ml. = 0.0001 gram furfural. 

Procedure. — Twenty ml. of the distilled solution (A) are diluted to 50 ml. 
with 50% (by volume) of furfural-free alcohol. To this are added 2 ml, of 
colorless aniline and 0.5 ml. of dilute HCl (o : 4) and the mixture placed in a 
water bath at 15° C. for fifteen minutes. Colorimetric comparison is now 
made with standards containing known amounts of furfural, the solutions being 
prepared in the same way as the sample. 

Determination of Esters Expressed as Ethyl Acetate 

Fifty ml. of the distilled solution (A) in an Erlenmcyer flask are exactly 
neutralized with N/10 NaOH (phenolphthalein indicator) and about 50 ml. 
excess added, the exact amount being recorded. The solution is boiled for an 
hour with reflux condenser. After cooling, the excess of alkali is titrated with 
N/10 acid. The ml. N/10 NaOH consumed in the saponification, multiplied 
by 0.0088, gives the gram weight of esters calculated as ethyl acetate. This 
weight divided by the specific gravity of the sample and multiplied by 2 gives 
per cent. 

Determination of Fusel Oil 

Fifty ml. of the original sample, in an Erlenmeyer flask, are diluted with an 
equal volume of water and 20 ml. of N/5 NaOH added. The mixture is now 
saponified by boiling for an hour with reflux condenser. The flask is connected 
to a condenser and about 90 ml. distilled into a deep beaker. 25 ml. of water 
are added to the flask and the distillation continued until the total volume 
of the distillate is 115 ml. Finely ground salt (NaCl) is now added until the 
solution is almost saturated and a saturated solution of NaCl added until the 
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specific gravity of the solution is 1.10. The solution placed in a separatory 
funnel is extracted four times with carbon tetrachloride, CCh, using 40, 30, 20 
and 10 ml. CCI4 respectively. To the extract in a separatory funnel 10 ml. of 
KOH solution (1 ; 1) are added. This solution is cooled in ice water to O'" C. 
and at the same time 100 ml., accurately measured, of KMn04 solution (20 
grams per liter) in a flask. When cooled to 0° C. the bulk of the KMn04 
solution is added to the extract, leaving the rinsing out of the flask until later. 
The mixture removed from the ice bath is shaken vigorously for five minutes, 
then set aside for half an hour allowing it to warm up to room temperature 
(20-25^ C.).' 

Into a liter Erlenmeyer flask are measured accurately 100 ml. of H2O2 solu- 
tion (2% stronger than the KMn04 solution) followed by 100 ml, of 25% 
H2SO4 and to this mixture are added slowly the contents of the separatory 
funnel, swirling to get an even distribution. (The acid solution should be 
constantly in excess.) The rinsing of the separatory funnel and the flask 
containing the residue of the KMn04 are added and the excess of the H2O2 
determined by titration with standard KMn04 solution (10 grams KMn04 
per liter). 

Blank. — The same amounts of stronger KMn04, KOH, H2O2 and H2S04 
are mixed side by side with the sample and the residual H2O2 determined with 
the standard KMn04 to determine the blank. This is subtracted from the 
first titration and the difference multiplied by the value of the standard 
KMiiOj. If this is exactly 10 grams per liter as determined by titration with 
K II2C204 then — 

1 ml. KMn04 = 0.696 gram amyl alcohol. (KMn04 10 g. per liter.) 

Note. — 1 ml. N H2C204 =0.03161 g. KMn04. The standard KMn04 should con- 
tain 0.01 g. per ml. of the reagent. 

Detection of Nitrates in Grain Alcohol 

Fifty ml. of the sample arc neutralized with N/10 NaOH (phenoiphthalein 
indicator) and evaporated to a moist residue. A little distilled water is added 
1 ml. of phenoldisulfonic acid, and the mix made alkaline with NH4OH. 
A bright orange color indicates the presence of nitrates. Run a blank on the 
water used. See subject of nitrates in the chapter on Water Analysis, 

Determination of Sulfur Compounds in Grain Alcohol 

A hundred ml. of the alcohol are made slightly alkaline with N/10 NaOH 
(phenoiphthalein) and 5 ml. H2O2 added, preferably in a large platinum dish. 
The residue is ignited over an alcohol flame, then taken up with 50 ml. of water, 
5 ml. dilute HCl added and 5 ml. 10% BaCh. The precipitated BaS04 is 
filtered off, ignited and weighed according to the customary procedure. 

BaS04X0.1373 = S. 

Determination of Methyl Alcohol, Wood Spirit, Wood Naphtha, 
Wood Alcohol, Etc. 

See Methyl Alcohol in section following the tables on alcohol. 
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PERCENTAGE OF ALCOHOL BY VOLUME AND BY WEIGHT* 


Gilpin, Dbinkwater, and Squibb 


Specific 
Gravity at 

60° 

Alcohol 

Specific 
Gravity at 

60“ 

Alcohol 

per cent 
by 

volume, 

per cent 

by, 

weight. 

Grama 

per 

100 ml. 

per cent 
by 

volume. 

per cent 
by 

weight. 

Grams 

per 

100 ml. 

1.00000 

0.00 

0.00 

0.00 

.99473 

3.60 

2 88 

2 86 

0 99984 

0.10 

0.08 

O.OS 

.99459 

3,70 

2.90 

2 94 

.99908 

0.20 

0.16 

0.16 

.99445 

3 . SO 

3 . 0'4 

3.02 

.99953 

0.30 

0.24 

0,24 

.99431 

3.90 

3.12 

3.10 

.99937 

0.40 

0.32 

0.32 

.99417 

4.00 

3.20 

3.18 

.99923 

0.50 

0.40 

0.40 

.99403 

4.10 

3.28 

3.26 

.99907 

0.60 

0.48 

0.48 

.90390 

4.20 

3.36 

3 34 

.99892 

0.70 

0.56 

0.56 

.99376 

4.30 

3.44 

3.42 

.99877 

0.80 

0.64 

0.64 

.99363 

4.40 

3.52 

3.50 

.99861 

0.90 

0.71 

0.71 

.99349 

4.50 

3.60 

3.58 

.99849 

1.00 

0.79 

0.79 

.99335 

4.60 

3.68 

3.66 

.99834 

1. 10 

0.87 

0.87 

.99322 

4.70 

3.76 

3.74 

.99819 

1.20 

0.95 

0.95 

.99308 

4,80 

3 84 

3,81 

.99805 

1.30 

1.03 

1.03 

.99295 

4.90 

3,92 

3.89 

.99790 

1.40 

1.11 

1.11 

,99281 

5,00 

4,00 

3,97 

.99775 

1.50 

1.19 

1.19 

.99268 

5.10 

4.08 

4.05 

.99760 

1.60 

1.27 

1.27 

.99255 

5.20 

4.16 

4.13 

.99745 

1.70 

1.35 

1.35 

.99241 

5.30 

4 24 

4.21 

.99731 

1.80 

1.43 

1.43 

.99228 

5.40 

4.32 

4.29 

.99716 

1.90 

1.51 

1.51 

.99215 

5.50 

4.40 

4,37 

.99701 

2.00 

1.59 

1.59 

.99202 

5.60 

4.48 

4.44 

.99687 

2.10 

1,67 

1.66 1 

.99189 

5,70 

4.56 

4,52 

.99672 

2.20 

1 . 75 

1 74 

.99175 

5.80 

4.64 

4.60 

.99658 

2,30 

1.83 

1.82 : 

; .99162 i 

5.90 

4.72 

4.68 

.99643 

2.40 

1.91 

1.90 

1 .99149 

6.00 

4.80 

4.76 

.99629 

1 2 50 

1.99 

i 1.98 ^ 

1 .99136 

6.10 i 

4.88 

4.84 

.99615 

! 2.60 

2.07 

i 2.06 i 

.99123 

6.20 

i 4.96 

4,92 

.99600 

2.70 

2.15 

2.14 ! 

.99111 1 

6.30 1 

5.05 

5.00 

.99586 

! 2.80 

2.23 

i 2.22 

.99098 1 

6.40 ! 

5.13 

5.08 

.99571 i 

2,90 

2.31 

2.30 ■ 

.99085 1 

6.50 1 

5.21 

5.16 

.99557 

i 3.00 

2.39 

1 2.38 ^ 

.99072 ' 

6.60 ' 

i 5.29 

5.24 

.99543 ; 

3.10 

2.47 

2.46 1 

.99059 i 

6.70 1 

5.37 

5.32 

.99529 

3 20 

2.55 

1 2.54 i 

.99047 ' 

6.80 

i 5,45 

5.40 

.99515 ! 

3.30 

2.64 

, 2.62 i 

.99034 ' 

6.90 ' 

5.53 

5.48 

.99501 i 

3 40 

2.72 

i 2.70 ! 

.99021 

7.00 

5.61 

5.56 

.99487 1 

3.50 

2.80 

i 2.78 1 

.99009 ' 

7.10 ' 

5,69 

5.64 

.98996 ! 

7,20 

5.77 

1 5.72 i 

.98513 

11.30 

9.11 

i 8.97 

.98984 1 

7.30 

5.86 

i 5.80 

.98502 

11.40 

9,19 

9.05 

.98971 1 

7,40 

5.94 

1 5.88 

.98491 

11.50 

9.27 

j 9.13 

.98959 

7.50 

6.02 

5.96 

.98479 

11.60 

9.35 ! 

9 21 

.98947 ! 

7.60 

6.10 

i 6.04 

.98468 

11.70 

9 43 

9 29 

.98934 i 

7.70 

6.18 

6.11 

.98457 

11.80 

9 51 ' 

9.36 

.98922 ! 

7.80 

6.26 

1 6.19 

.98446 

11.90 

9.59 

9.44 

.98909 ; 

7,90 ' 

i 6.34 

6.27 

.98435 

12.00 

9.67 

9.52 

.98897 

8.00 

1 6.42 

6.35 

.98424 

12.10 

9.75 

9.60 

.98885 

i 8 10 

1 6 .50 

6.43 

.98413 

12.20 

9.83 

9.68 

.98873 

8.20 

6.58 

6.51 

.98402 

12.30 

9.92 

9.76 

.98861 

i 8.30 

1 6.67 

6.59 

.98391 

12.40 

10.00 

9.84 

.98849 

8.40 

6 75 

6.67 

.98381 1 

12.50 

10.08 

9.92 

.98837 

8. ,50 

i 6.83 

6.75 

.98370 

12.60 

10.16 

10.00 
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PERCENTAGE OF ALCOHOL BY VOLUME AND BY WEIGHT 
(Continued) 


Specific 
Gravity at 

60“ 

Alcohol [ 

Specific 
Gravity at 

60“ 

Alcohol 

per cent 
by 

volume . 

per cent 
by 

weight . 

Grama 

per 

100 mL 

per cent 
by 

volume. 

per cent 
by 

weight . 

Grams 

per 

100 ml. 

.98825 

8.60 

6.91 

6,83 

.98359 

12.70 

10.24 

10.07 

.98813 

8.70 

6.99 

6.91 

.98348 

12.80 

10.33 

10.15 

.98801 

• 8.80 

7.07 

6,99 

.98337 

12.90 

10.41 

10.23 

.98789 

8.90 

7.15 

7.07 

.98326 

13.00 

10,49 

10.31 

.98777 

9.00 

7.23 

7,14 

.98315 

13.10 

10.57 

10,39 

.98765 

9.10 

7.31 

7.22 

.98305 

13.20 

10.65 

10.47 

.98754 

9.20 

7.39 

7.30 

.98294 

13.30 

10,74 

10.55 

.98742 

9.30 

7.48 

7.38 

.98283 

13 . 40 

10.82 

10.63 

.98730 

9.40 

7.56 

7.46 

.98273 

13.50 

10.90 

10.71 

.98719 

9.50 

7.64 

7.54 

.98262 

13.60 

10.98 

10.79 

'.98707 

9.60 

7.72 

7.62 

.98251 

13.70 

11.06 

10.87 

.98695 

9,70 

7.80 

7.70 

.98240 

13.80 

11.15 

10.95 

.98683 

9.80 

7.88 

7.78 

.98230 

13.90 

11.23 

11.03 

.98672 

9.90 

7,96 

7.85 

.98219 

14.00 

11.31 

11.11 

.98660 

10.00 

8,04 

7.93 

.98209 

14.10 

11.39 

11.19 

.98649 

10.10 

8,12 

8.01 

.98198 

14.20 

11.47 

11.27 

.98637 

10.20 

8,20 

8.09 

.98188 

14.30 

11.56 

n,35 

.98626 

10.30 

8,29 

8.17 

.98177 

14.40 

11.64 

11.43 

.98614 

10.40 

8.37 

8.25 

.98167 

14.50 

11.72 

11.51 

.98603 

10.50 

8.45 

8.33 

.98156 

14.60 

11.80 

11.59 

.98592 

10.60 

8.53 

8,41 

.98146 

14.70 

11.88 

11.67 

.98580 

10.70 

8.61 

8,49 

.98135 

14.80 

11.97 

11.75 

.98569 

10 . SO 

8.70 

8,57 

.98125 

14.90 

12.05 

11.82 

.98557 

10.90 

8.78 

8,65 

.98114 

15.00 

12.13 

11.90 

.98546 

11.00 

8.86 

8.73 

.98104 

15.10 

12.21 

11.98 

.98535 

11.10 

8.94 

8.81 

.98093 

15,20 

12.29 

12.06 

.98524 

11.20 

9.02 

8,89 

.98083 

15.30 

12.38 

12.14 

.98073 

15.40 

12.46 

12.22 

.97658 

19.50 

15.84 

15.47 

.98063 

15.50 

12.54 

12.30 

.97648 

19.60 

15,93 

15.55 

.93052 

15.60 

12.62 

12.37 

.97638 

19.70 

16.01 

15.63 

.93042 

15.70 

12.70 

12.45 

.97628 

19.80 

16.09 

15.71 

.98032 

15,80 

12.79 

12.53 

.97618 

19.90 

16,18 

15.79 

.93021 

15.90 

12.87 

12.61 

.97608 

20.00 

16.26 

15.87 

.93011 

16.00 

12.95 

12.69 

.97598 

20.10 

16.34 

15.95 

.98001 

16.10 

13.03 

12.77 

.97588 

20.20 

16.42 

16.03 

.97991 

16.20 

13.12 

12.85 

.97578 

20.30 

16.51 

16.10 

.97980 

16.30 

13.20 

12.93 

.97568 

20.40 

16.59 

16.18 

.97970 

16.40 

13.29 

13.01 

.97558 

20.50 

16.67 

16.26 

.97960 

16.50 

13.37 

13,09 

.97547 

20.60 

16.75 

16.34 

.97950 

16,60 

13.45 

13,17 

.97537 

20.70 

16.84 

16.42 

.97940 

16.70 

13.53 

13.25 

.97527 

20.80 

16.92 

16.50 

.97929 

16.80 

13.62 

13.33 

.97517 

20.90 

17.01 

16.58 

.97919 

16.90 

13 . 7 U 

13.41 

.97507 

21.00 

17.09 

16.66 

.97909 

17.00 

13.78 

13.49 

.97497 

21.10 

17.17 

16.74 

.97899 

17.10 

13.86 

13.57 

.97487 

21.20 

17.26 

16.82 

, 97889 

17.20 

13.94 

13,65 

.97477 

21.30 

17.34 

1 16.90 

.97879 

17.30 

14.03 

13.73 

.97467 

21.40 

17.43 

16.98 

.97869 

17.40 

14.11 

13.81 : 

.97457 

21.50 

17.51 

17.06 

.97859 

17.50 

14.19 

13.89 

.97446 

21.60 

17.59 

17.14 

.97848 

17.60 

14.27 

13.96 ; 

.97436 

21.70 

17.67 

17.22 

.97838 

17.70 

14.35 

14,04 

,97426 

21.80 

17.76 

17.30 

.97828 

17.80 

14.44 

14.12 ! 

.97416 

21.90 

17.84 

17.38 

.97818 

17.90 

14.52 

14.20 

.97406 

22.00 

17.92 

17.46 
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PERCENTAGE OF ALCOHOL BY VOLUME AND BY WEIGHT 
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Specific 
Gravity at 

60® 

Alcohol 

Specific 
Gravity at 

60“ * 

Alcohol 

per cent 
by 

volume. 

per cent 
by 

weight. 

Grams 

per 

100 ml. 

per-cent 

volume. 

per cent 

weight. 

Grams 

per 

100 ml. 

.97808 

18.00 

14.60 

14.28 

.97396 

22.10 

18.00 

17.54 

.97798 

18.10 

14.68 

14.36 

.97386 

22.20 

18.09 

17.62 

.97788 

18.20 

14.77 

14.44 

.97375 

22.30 

18.17 

17.70 

.97778 

18.30 

14.85 

14.52 

.97365 

22 ,. 40 

18.26 

17.78 

.97768 

18.40 

14.94 

14.60 

.97355 

22.. 50 

18.34 

17.86 

.97758 

18.50 

15 . 02 

14.68 

, 97345 

22.60 

18.42 

17.94 

.97748 

18.60 

15.10 

14.76 

.97335 

22.70 

18.51 

18-02 

.97738 

18.70 

15.18 

14.84 

.97324 

22.80 

18.59 

18.10 

.97728 

18.80 

15.27 

14.92 

.97314 

22.90 

18.68 

18.18 

.97718 

18.90 

15.38 

15.00 

.97304 

23.00 

18.76 

18,26 

.97708 

19.00 

15.43 

15.08 

.97294 

23.10 

18.84 

18.33 

.97698 

19.10 

15 . 51 

15 . 15 

. 97283 

23.20 

18.92 

18.41 

.97688 

19.20 

15.59 

15.23 

.97273 

23.30 

19.01 

18.49 

.97678 

19.30 

15.68 

15.31 

.97263 

23.40 

19.09 

18.57 

.97668 

19.40 

15.76 

15.39 

. 97253 

23.50 

19.17 

18.65 

.97242 

23.60 

19.25 

18 73 

.96805 

27.70 

22.71 

21.98 

.97232 

23.70 

19.34 

18.81 

.96794 

27.80 

22.79 

22.06 

.97222 

23.80 

19.42 

18.88 

.96783 

27.90 

22.88 

22.14 

.97211 

23.90 

19.51 

18.96 

.96772 

28.00 

22.96 

22.22 

.97201 

24.00 

19.59 

19.04 

.96761 

28.10 

23.04 

22.30 

.97191 

24.10 

19.67 

19.12 

.96749 

28.20 

23.13 

22.38 

.97180 

24.20 

19.76 

19-20 

.90738 

28.30 

23,21 

22.45 

.97170 

24.30 

19.84 

19.28 5 

.96726 

28.40 

23.30 

22.53 

.97159 

24.40 

19.93 

19.36 

.96715 

28.50 

23.38 

22.61 

.97149 

24.50 

20.01 

19.44 

.96704 

28.60 

23.47 

22.69 

.97139 

24.60 

20.09 

19.52 

.96692 

28.70 

23.55 

22.77 

.97128 

24.70 

20.18 

19.60 

.90681 

28.80 

23.64 

22.85 

.97118 

24.80 

20.26 

19.68 ^ 

.96669 

28.90 

23.72 

22,93 

.97107 

24 90 

20.35 

19.76 : 

.96658 

29.00 

23.81 ^ 

23.01 

.97097 

25.00 

20.43 

19.84 

.90640 

29.10 

23.89 

23.09 

.97086 

25.10 

20.51 

19.92 

.96635 

29.20 

23.98 

23.17 

.97076 

25.20 

20.60 

20.00 

.96623 

29.30 

24.06 1 

23.25 

.97065 

25.30 

20.68 

20.08 

.96611 

29.40 

24.15 ' 

23.33 

.97055 

25.40 

20.77 

20.16 

.96600 

29.50 

24.23 1 

23.41 

.97044 

25.50 

20.85 

20.24 

.96587 

29.60 

24.32 

23.49 

.97033 

25.60 

20.93 

20.32 

.96576 

29.70 

24.40 ’ 

23,57 

.97023 ! 

25.70 

21.02 

20.40 : 

.96564 

29.80 

24.49 ! 

23.65 

.97012 

25.80 

; 21.10 

20.47 

. 96553 

29.90 

24.57 i 

23.73 

.97001 

25.90 

1 21.19 ! 

1 20.55 

.96541 

30.00 

24.66 

23.81 

.96991 

26.00 

21.27 

20.63 

.96529 

30.10 

24,74 1 

23.89 

.96980 

26.10 

21.35 

20.71 

.96517 

30.20 i 

24,83 1 

23.97 

.96969 

26.20 

21.44 

20.79 : 

! .96505 

30.30 1 

24,91 1 

24.04 

. 96959 i 

26.30 

21.52 

20.87 : 

.96493 ' 

30.40 

25.00 ' 

24.12 

.96949 

26.40 

21.61 

20.95 i 

.96481 

30.50 

25.08 

24.20 

.96937 

26.50 

21.69 

21.03 

.96469 ' 

30.60 

25.17 

24.28 

.96926 

26.60 

^ 21.77 

21.11 

.96457 

30.70 

25.25 

24.36 

.96915 

26.70 

21.86 

21.19 i 

.96445 

30.80 

25.34 

24.44 

.96905 

26.80 

21.94 

21.27 : 

.96433 

30.90 ^ 

25.42 1 

24.52 

.96894 

26.90 

22.03 

21.35 j 

.96421 

31.00 

25.51 ' 

24.60 

.96883 

27.00 

22 11 

21.43 li 

.96409 

31.10 1 

25.60 

24.68 

.96872 

27.10 

22.20 

21.51 11 

.96396 

31.20 ' 

25.68 

24.76 

,96861 

27.20 

22.28 

21.59 j 

.96384 

31.30 

25.77 

24.84 

.96850 

27.30 

22.37 

21.67 1! 

.96372 

31.40 1 

26.85 

24.92 
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PERCENTAGE OF ALCOHOL BY VOLUME AND BY WEIGHT 
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Specific 
Gravity at 

60“ 

Alcohol jj 

Specific 
Gravity at 

^ F. 

1 &0“ 

Alcohol 

per cent 
by 

volume. 

per cent 
by 

weight. 

Grams 

per 

100 ml. 

per cent 

volume. 

per cent 

weight. 

Grams 

per 

100 ml. 

.96839 

27.40 

22.45 

21.75 

.96360 

31.50 

25.94 

25.00 

.96828 

27.50 

22.54 

21.83 

.96347 

31.60 

26.03 

25.08 

.96816 

C 7. G 0 

22.62 

21.90 

. 96335 

31.70 

26.11 

25.16 

.96323 

31.80 

26.20 

25.24 

.95787 

35.90 

29.74 

28.49 

.903 lO 

31.90 

26.28 

25.32 

.95773 

36.00 

29.83 

28.57 

.96298 

32.00 

26.37 

25.40 

.95759 

36.10 

29.92 

28.65 

.96285 

32.10 

26.46 

25.48 

.95745 

36.20 

30.00 

28.73 

.96273 

32.20 

26.54 

25.56 

.95731 

36,30 

30.09 

28.81 

.96260 

32.30 

26.63 

25.64 

.95717 

36.40 

30.17 

28.88 

.96248 

32.40 

26.71 

25.71 

.95703 

36.50 

30.26 

28.96 

.96235 

32. ,50 

26.80 

25.79 

.95688 

36.60 

30.35 

29.04 

.96222 

32.60 

26.89 

25.87 

.95674 

36.70 

30.44 

29.12 

.96210 

32 . 70 

26.97 

25.95 

.95660 

36.80 

30.52 

29.20 

.96197 

32,80 

27,06 

26.03 

.95646 

36.90 

30.61 

29.29 

.96185 

32,90 

27.14 

26.11 

.95632 

37.00 

30.70 

29.36 

.96172 

33,00 

27.23 

26.19 

.95618 

1 37,10 

30.79 

29.44 

.96159 

33.10 

27.32 

26.27 

.95603 

i 37.20 

30.88 

29.52 

.96146 

33.20 

27.40 

26.35 

.95589 

37.30 

30.96 

29.60 

96133 

33.30 

27.49 

26.43 

.95574 

37.40 

31.05 

29.68 

.56120 j 

i 33.40 

27.57 

^ 26.51 

.95560 

37.50 

31.14 

29.76 

.96108 1 

33.50 

27.66 

26,59 

.95545 

37.60 

31.23 

29.84 

.96095 

33.60 

27.75 1 

26.67 

.95531 ! 

37.70 

31.32 

29.92 

.96082 

33 70 

27.83 

26,75 

.95516 

37.80 

31.40 

30.00 

.96069 

33.80 

27.92 , 

26,82 

.95502 i 

37.90 

31.49 

30.08 

.96056 

33 90 i 

1 28.00 

26.90 

,95487 

38.00 

31.58 

30.16 

.96043 

34.00 1 

28.09 

26.98 

.95472 j 

38.10 

31.67 

30.24 

.96030 

34.10 

28.18 

27.06 

.95457 

38.20 

31.76 

30.32 

.96016 

34.20 

28.26 

27.14 

.95442 

38.30 

31.85 

30.40 

.96003 

34.30 

28.35 

27.22 

.95427 

38.40 

31.94 

30.48 

.95990 

34.40 

28.43 

27.30 

.95413 

38.50 

32,03 

30.56 

.95977 

34.50 

28.52 

27.38 

.95398 

38.60 

32,12 

30,64 

.95963 

34.60 

28.61 ■ 

27.46 

.95383 

38.70 

32.20 

30.72 

.95950 

34.70 

28.70 

27.54 

' . 95368 

38.80 

32,29 

30.79 

.95937 

34.80 

28.78 

27,62 

, 05353 

38.90 

32.37 

30.87 

.95923 

34.90 

28.87 

27.70 

' .95338 

39.00 

' 32.46 

30.95 

,95910 

35.00 

28.96 

27.78 

,95323 

39.10 

32.55 

31.03 

.95896 

35.10 

29.05 

27.86 

.95307 

39.20 

32.64 

31.11 

.95883 

35.20 

29.13 

27.94 

.95292 

39.30 

32,72 

31.18 

.95869 

35.30 

29.22 

28.02 

.95277 

39,40 

32,81 

31.26 

.95855 

35.40 

29.30 

28.09 

.95262 

39.50 

32,90 

31.34 

.95842 

35.50 

29.38 

28.17 

.95246 

39.60 

32.99 

31.42 

,95828 

35.60 

29.48 

28.25 

.95231 

39.70 

33.08 

31.50 

.95814 

35.70 

29.57 

28 33 

.95216 

39.80 

33.17 

31.58 

.95800 

35,80 

29.65 

28.41 

.95200 

39.90 

33.27 

31.66 

.95185 

40.00 

33 35 

31.74 

,94519 

44,10 

37,02 

34.99 

.95169 

40.10 

33.44 

31.82 

.94502 

44.20 

37.11 

35.07 

.95154 

40.20 

33,53 

31.90 

,94484 

44.30 

37.21 

35.15 

.95138 

40.30 

33.61 

31,98 

.94467 

44.40 

37.30 

35.23 

.95122 

40.40 

33.70 

32.06 

.94450 

44.50 

37.39 

35.31 

.95107 

40.50 

33 79 

32.14 

,94433 

44.60 

37.48 

35 . 39 

.95091 

40 60 

33, as 

32.22 

.94416 

44.70 

35.57 

35.47 

.9.5075 

40.70 

33.97 

32.30 

.94398 

44.80 

37.66 

35.55 

.95059 

40,80 

34.06 

32.38 

,94381 

44.90 

37.76 

35.63 
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Specific 
Gravity at 

60° 

Alcohol 

Specific 
Gravity at 

60° 

Alcohol 

per cent 
by 

volume. 

per cent 
by 

■weight. 

Grama 

per 

100 ml 

per cent 
by 

volume. 

per cent 
by 

weight. 

Grama 

per 

100 ml. 

.95044 

40.90 

34.15 

32.46 

.94364 

45.00 

37.84 

35.71 

.95028 

41.00 

34.24 

32.54 

.94346 

45.10 

37.93 

35.79 

.95012 

41.10 

34.33 

32.62 

.94329 

45.20 

38 ..92 

35.87 

.94996 

41.20 

34.42 

32.70 

.94311 

45.30 

38.12 

35.95 

.94980 

i 41.30 

34.50 

32.78 

.94294 

45.40 

38.21 

36.03 

.94964 

41.40 

34.59 

32.86 

.94276 

45.50 

38.30 

36.11 

.94948 

41.50 

34.68 

32.93 

.94258 

45.60 

38.39 

36.19 

.94932 

41.60 

34.77 

33.01 

.94241 

45.70 

38.48 

36.26 

.94916 

41.70 

, 34.86 

33.09 

.94223 

45.80 

38.57 

36.34 

.94900 , 

41.80 , 

34.95 

i 33.17 

1 .94206 

45.90 

38.66 

36.42 

.94884 

41.90 ' 

1 35.04 

33.25 

.94188 

46.00 

38.75 

36.50 

.94868 ' 

42.00 

i 35.13 

33.33 

,94170 

: 46.10 

38.84 

36.58 

.94852 

42.10 

! 35.22 

33.41 

.94152 

46.20 

38.93 

36.66 

.94835 

42.20 

35.31 

33.49 

.94134 

46,30 

i 39.03 

36.74 

.94810 

42.30 

35.40 

33.57 

.94116 

46.40 1 

, 39.12 

36,82 

.94802 

42.40 

^ 35 49 

33.65 

,94098 

46.50 ! 

i 39.21 

36.90 

.94786 

42.50 

35 . 58 

i 33.73 

.94080 

46.60 

39,30 

36.98 

,94770 

42.60 

35.67 

' 33.81 

.94062 

46.70 

! 39.39 

37.06 

.94753 

42 70 

35 76 

33.89 

.94044 

46.80 

1 39.49 

37.13 

,94737 

42.80 

35 . 85 

: 33.97 

.94026 

46.90 

i 39.58 

37.21 

.94720 

42,90 

35,94 

^ 34.04 

.94008 

47.00 

1 39.67 

37.29 

.94704 

43.00 

36.03 

i 34,12 

.93990 

47.10 

1 39.76 

37.37 

.94687 

43.10 

36.12 

i 34.20 

.93971 

47,20 

39.85 

37.45 

. 94670 

43,20 

36.21 

; 34.28 

.93953 

47.30 

39.95 

37.53 

.94654 

: 43.30 

36.30 

i 34.36 

.93934 

47.40 

1 40.04 

37.61 

. 94637 

! 43.40 

' 36.39 

■ 34.44 

.93916 

47.50 

I 40.13 

37.69 

.94620 

: 43.50 

! 36 48 

i 34.52 

.93898 

47,60 

i 40.22 

37.77 

.94003 

i 43,60 

: 36.57 

i 34.60 

.93879 

47.70 

! 40.32 

37.85 

.94.586 

: 43.70 

! 36,66 

1 34.68 

.93861 

47.80 

1 40.41 

37.93 

. 94570 

i 43,80 

! 36.75 

i 34.76 

.93842 

47.90 

i 40.51 

38.01 

.94.553 

1 43.90 

1 36.84 

i 34.84 

! .93824 

48.00 

40.60 

38.09 

.94.536 

^ 44 00 

36.93 

i 34.91 

i .93805 

48.10 

40.69 

38.17 

.93786 

j 48 20 

40.78 

^ 38 25 

! .93617 

49.10 

41.61 

38.96 

.93768 

i 48.30 

I 40 88 

38.33 

.93598 

49.20 

41.71 

39,04 

.93749 

! 48,40 

40.97 

1 38 41 

.93578 

49.30 

41.80 

39,12 

.93730 

; 48. ,50 

^ 41.06 

^ 38.49 

.93559 

49.40 

41.90 

39.20 

.93711 

^ 48.60 

1 41.15 

i 38.57 

.93540 

49.50 

41.99 

39.28 

.93692 

: 48.70 

! 41.24 

38.65 

.93521 

49.60 

42.08 

39.36 

.93679 

! 48.80 

i 41,34 

38.72 

.93502 

49.70 

42.18 

39.44 

.93655 

i 48,90 

1 41.43 

38.80 

.93482 

49.80 

42.27 

39.52 

.93^36 

I 49.00 

1 41.52 

i 38.88 

.93463 

49.90 

42.37 

39.60 


See additional tables in Chem. Annual, D, Van Nostrand Co. 


MISCELLANEOUS ANALYSES 


2147 


THE ANALYSIS OF MIXTURES OF METHYL ACETATE, 
METHANOL AND WATER = 


The percentage by weight of methyl acetate is determined in duplicate by 
saponification with alcoholic KOH solution using a Lunge weighing pipette 
for getting the exact weight of the sample. 

The specific gravity of the liquid is then determined at 20/4® C. as found in 
the International Critical Tables; we have the following: 


IQO grams of samp le 
Sp.gr, at 20/4® C. 


= Volume of 100 grams, (A) 


% MeAc by weight 
0.933 


= Volume of MeAc in 100 grams. (B) 


Then 

A-.B = Volume of MeOH+HsO in 100 grams, (C) 

100 grams-%MeAc by weight = Weight of MeOH+HoO in 100 grams (D) 
and 

= Sp.gr. of MCOH + H 2 O mixture in the sample. 


Look up in specific gravity tables the percentages by weight of methanol and 
water corresponding to the specific gravity {DjC) as calculated. 

Note. — This procedure was checked against known mixtures of pure methyl acetate, 
methanol and wnter and found to be fairly accurate within the range of 70 to 85% by 
w'eight of mctiiyl acetate. It can be used for similar mixtures of the corresponding ethyl 
compounds. 


METHYL ALCOHOL 

DETECTION OF METHYL ALCOHOI^METHOD OF RICHE 
AND BARDY* 

The following method for the detection of methyl alcohol in commercial 
spirit of wine depends on the formation of methylanilin violet: 

Place 10 ml. of the sample, previously rectified over potassium carbonate if 
necessary, in a small flask with 15 grams of iodine and 2 grams of red phos- 
phorus. Keep in ice water for from ten to fifteen minutes until action has 

* Method of Commercial Solvents Corporation. 

* Allen’s Commercial Organic Analysis, 3d ed., 1: 80, 
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ceased. On a water bath distil the methyl and ethyl iodides formed into about 
30 ml. of water. Wash with dilute alkali to eliminate free iodine. Separate 
the heavy oily liquid wliich settles and transfer to a flask containing 5 ml. of 
anilin. The flask should be placed in cold water, in case the action should be 
violent, or, if necessary, the reaction may be stimulated by 
gently warming the flask. After one hour boil the product 
with water and add about 20 ml. of a 15% solution of soda; 
when the bases rise to the top as an oily layer fill the flask up 
to the neck with water and draw them off with a pipette. 
Oxidize 1 ml. of the oily liquid by. adding 10 grains of a mix- 
ture of 100 parts of clean sand, 2 of common salt, and 3 of 
cupric nitrate; mix thoroughly, introduce into a glass tube, 
and heat to90°C. for eight or ten hours. Exhaust the product 
with warm alcohol, filter, and make up with alcohol to 100 ml. 
If the sample of spirits be pure the liquid is of a red tint, but 
in the presence of 1% of methyl alcohol it has a distinct violet 
shade; with 2.5% the shade is very distinct, and still more 
so with 5%. To detect more minute quantities of methyl 
alcohol, dilute 5 ml. of the colored liquid to 100 ml. with water, 
and dilute 5 ml. of this again to 400 ml. Heat the liquid thus obtained in porce- 
lain and immerse a fragment of white merino wool (free from sulfur) in it for half 
an hour. If the alcohol be pure the wool will remain white, but if methylated 
the fiber will become violet, the depth of tint giving a fair approximate indi- 
cation of the proportion of methyl alcohol present. 



Fig. 298. Pyc- 
nometer. 


DETECTION OF METHANOL (METHYL ALCOHOL) 
OXIDATION METHOD 

Twenty-five ml. of the sample are diluted to about 100 ml. in a small distil- 
lation flask and about 10 grams of chromic acid added. Methyl alcohol, if 
present, is oxidized to formaldehyde. 15 to 20 ml. of the solution are distilled 
into a large test tube and a 5 to 10 ml. portion tested for formaldehyde by one 
of the methods outlined on the following page. 


DETECTION OF METHANOL (WOOD ALCOHOL) IN THE 
PRESENCE OF ETHYL ALCOHOL ^ 

Dilute 1 ml. of the alcohol with water to 100 ml. To 2 ml. of this solution 
add 2 ml. KMn04 (25 g. per 1.) and 0.4 ml. 50% H2SO4. After 3 minutes de- 
stroy excess of KMn04 with oxalic acid, add 1 ml. of H2SO4 and 5 ml. of Schiff's 
fuchsin bisulfite reagent. In the presence of CH3OH a violet color is pro- 
duced on long standing (HCHO formed). Ethyl alcohol produces no color. 
1% CH3OH may be detected. 3% gives an intense color. 

Reagent. — SchifEs Fuchsin Bisulfite — 0.5 fuchsin in 500 ml. of water, add 
sufficient SO2 to bleach the solution, make up to 1000 ml. 

‘ A. Kling and A. Lassieur, C. A., 18, 1801 (1024). 
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FORMALDEHYDE 

DETECTION OF FORMALDEHYDE* 

Leaches Test. — The solution in which formaldehyde is suspected, obtained 
by distillation if necessary, is tested as follows: To a 10 ml. portion, in a cas- 
serole, an equal volume of pure milk is added followed by 10 ml. hydrochloric 
acid (sp.gr. 1.2) containing about 1 ml. of 10% ferric chloride solution per 500 
of the acid. ’The mixture is heated to 80-90® C., the curd being broken up by 
agitation. A violet-colored solution indicates formaldehyde. 

Hehner’s Test. — Five ml. of the solution in a large test tube is mixed with 
about 50 ml. of pure milk, the tube tilted to a side and concentrated sulfuric acid 
carefully added so as to run down the wall of the tube without mixing with the 
milk. At the juncture of the acid and milk a violet color will appear if aldehyde 
is present. 

Morphine- Sulfate Test. — To 5 ml. of morphine sulfate reagent [0.5 gram 
of morphine sulfate in 500 ml. sulfuric acid (sp.gr. 1.82)] a 2 ml. portion of the 
solution to be tested is added. The presence of formaldehyde is indicated by 
a violet color that develops on standing. 


ESTIMATION OF FORMALDEHYDE IN SOLUTION 

Formaldehyde, HCHO, is a gas sold in aqueous solution (37% HCHO or 
over). The solution generally contains alcohol to prevent polymerization. 


DETERMINATION OF FORMALDEHYDE 

Hydrogen Peroxide Method.’^— To 50 ml. of normal NaOH In an Erlen- 
meyer flask are added 50 ml. of neutral H 2 O 2 (3% sol.) and 3 ml. of the formalde- 
hyde solution under examination, care being taken to add the sample with the 
tip of the measuring pipette near the surface of the reagents. A funnel is placed 
in the neck of the flask and the mixture heated for five minutes on the steam 
bath, with occasional shaking. The solution is now cooled, the funnel rinsed 
down, and the excess of N /NaOH titrated by normal H 2 SO 4 , in presence of 
purified litmus indicator 

1 ml. N/NaOH = 0.03003 gram HCHO, 

« Carry out the tests with blanks of pure ethyl alcohol and ethyl alcohol containing a 
little methyl alcohol. , , wi- 

U. Assoc. Official Agr. Chemists, Methods of Analysis (1916), page 75. 
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GLYCEROL 

There are two recognized methods for the determination of glycerol: 

A. Acetin method, depending upon the conversion of glycerol to triacetin 
by means of acetic anhydride and sodium acetate and a quantitative saponi- 
fication of the triacetin. This method is recommended by the International 
Committee on glycerol as giving results nearer the truth and should be em- 
ployed for crude and refined glycerines of over 40% strength. 

B, Bichromate method, which is based on the fact that glycerol is com- 
pletely oxidized to CO2 and H 2 O by KjCr-iO? in presence of H2SO4. The 
method is applicable for determination of glycerines in soap lyes. 

The following procedures are taken from the report as recommended.® 


ACETIN PROCESS FOR THE DETERMINATION OF GLYCEROL® 

Reagents Required 

(A) Best Acetic Anhydride. — This should be carefully selected. A good 
sample must not require more than 0.1 ml. normal NaOH for saponification of 
the impurities when a blank is run on 7.5 ml. Only a slight color should 
develop during digestion of the blank. 

The anhydride may be tested for strength by the following method: Into a 
weighed stoppered vessel, containing 10 to 20 ml. of water, run about 2 ml. of 
the anhydride, replace the stopper and weigh. Let stand with occasional 
shaking, for several hours, to permit the hydrolysis of all the anhydride; then 
dilute to about 200 ml., add phenolphthalein and titrate with N/1 NaOH. 
This gives the total acidity due to free acetic acid and acid formed from the 
anhydride. It is worthy of note that in the presence of much free anhydride a 
compound is formed with phenolphthalein, soluble in alkali and acetic acid, 
but insoluble in neutral solutions. If a turbidity is noticed toward the end 
of the neutralization it is an indication that the anhydride is incompletely 
hydrolyzed and inasmuch as the indicator is withdrawn from the solution, 
results may be incorrect. 

Into a stoppered weighing bottle containing a known weight of recently 
distilled aniline (from 10 to 20 ml.) measure about 2 ml. of the sample, stopper, 
mix, cool and weigh. Wash the contents into about 200 ml. of cold water, 
and titrate the acidity as before. This yields the acidity due to the original, 
preformed, acetic acid plus one-half the acid due to anhydride (the other half 
having formed acetanilide); subtract the second result from the first (both 
calculated to 100 grams) and double the result, obtaining the ml. N/1 NaOH 
per 100 grams of the sample. 1 ml. N/NaOH equals 0.0510 anhydride. 

(B) Pure Fused Sodium Acetate. — The purchased salt is again completely 
fused in a platinum, silica or nickel dish, avoiding charring, powdered quickly 
and kept in a stoppered bottle or desiccator. It is most important that the 
sodium acetate be anhydrous. 

» J. Ind. Chem, Eng., 3, 679 (1911). 

* J. Ind. Eng. Chem., 3, 683 (1911). 
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(C) A Solution of Caustic Soda for Neutralizing, of about N/1 Strength, 
Free from Carbonate. This can, be readily made by dissolving pure sodium 
hydroxide in its own weight of water (preferably water free from carbon 
dioxide) and allowing to settle until clear, or filtering through an asbestos or 
paper filter. The clear solution is diluted with water free from carbon dioxide 
to the strength required. 

(D) N /l Caustic Soda Free from Carbonate. — Prepared as above and care- 
fully standardized. Some caustic soda solutions show a marked diminution in 
strength after being boiled; such solutions should be rejected. 

(E) N/1 Xcid. — Carefully standardized. 

(F) Phenolphthalein Solution.~0.5% phenolphthalcin in alcohol and 
neutralized. 


The Method 

In a narrow-mouthed flask (preferably round-bottomed), capacity about 
120 ml., which has been thoroughly cleaned and dried, weigh accurately and 
as rapidly as possible 1.25 to 1.5 grams of the glycerin, A Grethan or Lunge 
pipette will be found convenient. Add about 3 grams of the anhydrous 
sodium acetate, then 7.5 ml. of the acetic anhydride, and connect the flask 
with an upright Liebig condenser. For convenience the inner tube of this 
condenser should not be over 50 cm. long and 9 to 10 mm. inside diameter. 
The flask is connected to the condenser by either a ground glass joint (prefer- 
ably) or a rubber stopper. If a rubber stopper is used it should have had a 
preliminary treatment with hot acetic anhydride vapor. 

Heat the contents and keep just boiling for one hour, taking precautions 
to prevent the salts drying on the sides of the flask. 

Allow the flask to cool somewhat, and through the condenser tube add 50 
ml. of distilled water free from carbon dioxide at a temperature of about 80'’ C., 
taking care that the flask is not loosened from the condenser. The object of 
cooling is to avoid any sudden rush of vapors from the flask on adding water, 
and to avoid breaking the flask. Time is saved by adding the w^ater before 
the contents of the flask solidify, but the contents may be allowed to solidify 
and the test proceeded with the next day without detriment, bearing in mind 
that the anhydride in excess is much more effectively hydrolyzed in hot than 
in cold water. The contents of the flask may be warmed to, but must not 
exceed, 80® C., until the solution is complete, except for a few dark particles 
representing organic impurities in the crude. By giving the flask a rotary 
motion, solution is more quickly effected. 

Cool the flask and contents without loosening from the condenser. When 
quite cold wash down the inside of the condenser tube, detach the flask, wash 
off the stopper or ground glass connection into the flask, and filter the contents 
through an acid-washed filter into a Jena glass flask of about 1 liter capacity. 
Wash thoroughly with cold distilled water free from carbon dioxide. Add 
2 ml. of phenolphthalein solution (F), then run in caustic soda solution (C) 
or (D) until a faint pinkish yellow color appears throughout the solution. 
This neutralization must be done most carefully; the alkali should be run 
down the sides of the flask, the contents of which are kept rapidly swirling with 
occasional agitation or change of motion until the solution is nearly neutralized, 
as indicated by the slower disappearance of .the color developed locally by the 
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alkali running into the mixture. When this point is reached the sides of the 
flask are washed down with carbon dioxide-free water and the alkali subse- 
quently added drop by drop, mixing after each drop until the desired tint is 
obtained. 

Now run in from a burette 50 ml. or a calculated excess of N/1 NaOH (D) 
and note carefully the exact amount. Boil gently for 15 minutes, the flask 
being fitted with a glass tube acting as a partial condenser. Cool as quickly 
as possible and titrate the excess of NaOH with N/1 acid {E) until the pinkish 
yellow or chosen end-point color just remains,^® A further addition of the 
indicator at this point wdll cause an increase of the pink color; this must be 
neglected, and the first end-point taken. 

From the N/1 NaOH consumed calculate the percentage of glycerol (in- 
cluding acetylizable impurities) after making the correction for the blank 
test described below. 

1 ml. N/1 NaOH = 0.03069 gram glycerol. 

The coefficient of expansion for normal solutions is 0.00033 per ml. for each 
degree centigrade. A correction should be made on this account if necessary. 

Blank Test. — As the acetic anhydride and sodium acetate may contain 
impurities which affect the result, it is necessary to make a blank test, using 
the same quantities of acetic anhydride, sodium acetate and water as in the 
analysis. It is not necessary to filter the solution of the melt in this case, 
but sufficient time must be allowed for the hydrolysis of the anhydride before 
proceeding with the neutralization. After neutralization it is not necessary 
to add more than 10 ml. of the N/1 alkali (JD), as this represents the excess 
usually present after the saponification of the average soap lye crude. In 
determining the acid equivalent of the N/1 NaOH, however, the entire amount 
taken in the analysis, 50 mb, should be titrated after dilution with 300 mb 
water free from carbon dioxide and without boiling. 

Determination of the Glycerol Value of the Acetylizable Impurities. — The 
total residue at 160® C. is dissolved in 1 or 2 mb of water, washed into the acetyl- 
izing flask and evaporated to dryness. Then add anhydrous sodium acetate 
and acetic anhydride in the usual amounts and proceed as described in the 
regular analysis. After correcting for the blank, calculate the result to glycerol. 

Instructions for Calculating the Actual Glycerol Content 

(1) Determine the apparent percentage of glycerol in the sample by the 
acetin process as described. The result will include acetylizable impurities 
if any are present. 

(2) Determine the total residue at 160° C. 

(3) Determine the acetin value of the residue at (2) in terms of glycerol. 

(4) Deduct the result found at (3) from the percentage obtained at (1) 
and report this corrected figure as glycerol. If volatile acetylizable impurities 
are present these are included in this figure. 

Trimethylen glycol is more volatile than glycerine and can therefore be con- 
centrated by fractional distillation. An approximation to the quantity can 

A precipitate at this point is an indication of the presence of iron or alumina, and 
high results ^ be obtained unless a correction is made as described below. 
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be obtained from the spread between the acetin and bichromate results on such 
distillates. The spread multiplied by 1.736 will give the glycol. 

Bichromate Process for Glycerol Determination. Reagents Required 

(A) Pure potassium bichromate powdered and dried in air free from dust or 
organic vapors, at 110® to 120° C. This is taken as the standard. 

(B) Dilute Bichromate Solution. — 7.4564 grams of the above bichromate 
are dissolved in distilled water and the solution made up to one liter at 15.5° C. 

(C) Ferrcfus Ammonium Sulfate. — It is never safe to assume this salt to 
be constant in composition and it must be standardized against the bichromate 
as follows: dissolve 3.7282 grams of bichromate (vl) in 50 ml. of water. Add 
50 ml. of 50% sulfuric acid (by volume), and to the cold undiluted solution 
add from a weighing bottle a moderate excess of the ferrous ammonium sulfate, 
and titrate back with the dilute bichromate (5), Calculate the value of the 
ferrous salt in terms of bichromate. 

(D) Silver Carbonate. — This is prepared as required for each test from 140 
ml. of 0.5% silver sulfate solution by precipitation with about 4.9 ml, N/1 
sodium carbonate solution (a little less than the calculated quantity of N/1 
sodium carbonate should be used as an excess prevents rapid settling). Settle, 
decant and wash once by decantation. 

(E) Subacetate of Lead. — Boil a 10% solution of pure lead acetate with 
an excess of litharge for one hour, keeping the volume constant, and filter 
while hot. Disregard any precipitate which subsequently forms. Preserve 
out of contact with carbon dioxide. 

(F) Potassium Ferricyanide. — A very dilute, freshly prepared solution 
containing about 0.1%. 

The Method 

Weigh 20 grams of the glycerine, dilute to 250 ml. and take 25 ml. Add 
the silver carbonate, allow to stand, with occasional agitation, for about 10 
minutes, and add a slight excess (about 5 ml. in most cases) of the basic lead 
acetate (E), allow to stand a few minutes, dilute with distilled water to 100 ml., 
and then add 0.15 ml. to (xjmpensate for the volume of the precipitate, mix 
thoroughly, filter through an air-dry filter into a suitable narrow-mouthed 
vessel, rejecting the first 10 ml., and return the filtrate if not clear and bright. 
Test a portion of the filtrate with a little basic lead acetate, which should pro- 
duce no further precipitate (in the great majority of cases 5 are ample, 
but occasionally a crude will be found requiring more, and in this case another 
aliquot of 25 ml. of the dilute glycerine should be taken and purified with 6 ml. 
of the basic acetate). Care must be taken to avoid a marked excess of basic 
acetate. 

Measure off 25 ml. of the clear filtrate into a flask or beaker (previously 
cleaned with potassium bichromate and sulfuric acid). Add 12 drops of 
sulfuric acid (1 : 4) to precipitate the small excess of lead as sulfate. Add 
3.7282 grams of the powdered potassium bichromate (A). Rinse dowui the 
bichromate with 25 ml. of water and let stand with occasional shaking until 
all the bichromate is dissolved (no reduction will take place in the cold). 

Now add 60 ml. of 50% sulfuric acid (by volume) and immerse the vessel in 
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boiling water for two hours and keep protected from dust and organic vapors, 
such, as alcohol, until the titration is completed. Add from a weighing bottle a 
slight excess of the ferrous ammonium sulfate (C), making spot tests on a 
porcelain plate with the potassium ferricyanide {F). Titrate back with the 
dilute bichromate. From the amount of bichromate reduced calculate the 
percentage of glycerol. 

1 gram glycerol ==7.4564 grams bichromate. 

1 gram bichromate = 0.13411 gram glycerol. 

The percentage of glycerol obtained above includes any oxidizable impurities 
present after the purification, A correction for the non-volatile impurities 
may be made by running a bichromate test on the residue at 160° C. 

For complete analysis see Journal of Industrial and Engineering Chemistry, 
Sept., 1911, pages 679-^83. 

Notes. — (1) It is important that the concentration of acid in the oxidation mixture 
and the time of oxidation should be strictly adhered to. 

(2) Before the bichromate is added to the glycerine solution it is essential that the 
shght excess of lead be precipitated with sulfuric acid, as stipulated. 

(3) For crudes practically free from chlorides the quantity of silver carbonate may 
be reduced to one-^th and the basic lead acetate to 0.5 ml. 

(4) It is sometimes advisable to add a little potassium sulfate to insure a clear filtrate. 


LIGHT OIL IN COKE-OVEN GAS 

USE OF ACTIVATED CARBON IN ITS DETERMINATION 

The quantity of the light oil in coke-oven gas, before and after scrubbing 
with straw oil, is generally determined by passing a definite quantity of the gas 
through straw oil contained in a train of bottles packed in ice, and subsequently 
separating the light oil from the straw oil by distillation. The removal of the 
light oil from the gas approaches completeness only when the flow of gas is 
extremely slow, and under all conditions the method of procedure is cumbersome. 

The light oil present in the gas may be determined readily and accurately 
by the absorption of the condensable vapor in a definite quantity of gas by 
activated carbon, with subsequent removal by distillation of the carbon with 
U. S. P. cresol. Carbon of activity 40 to 50, screened 8 to 14 mesh, is suitable. 

Apparatus 

The absorption requires a 0.1-cu. ft. gas meter and two activated carbon 
tubes complete. The carbon tubes are cylindrical containers, 1.5 in. in diam- 
eter and 12 in. in length over all, fitted with a 20-mesh screen in one end, with 
1-in. breasts and screw caps on both ends. Four connecting caps consisting of 
l-in. screw caps carrying ^ x f-in. copper tubes soldered in the centers and 

^ By Arthur L Davis, Standard Oil Company (Indiana), Wood River, 111. 
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fitted with rubber gaskets are used on each carbon tube during the 

absorption proper. 

The distillation of the enriched activated carbon with cresol to remove the 
light oil is made, using a 500-inl., round-bottom, side-neck, Pyrex distilling 
flask; a 4-in. ring burner; a 200® C. thermometer; a Barrett standard 
condenser; a 200-ml. separatory funnel graduated to 100 ml.; U. S. P, cresol; 
and sodium hydroxide solution of specific gravity 1.10 to 1.15. 


Procedtiie 

Absorption. — Place 300 ml. of activated carbon in each of the two carbon 
tubes. Screw a connecting cap with rubber gasket to each end of each tube, 
and tighten with a pair of combination pliers. 

Connect the inlet of the wet gas meter to the gas sampling tube and allow 
gas to pass through for several minutes to insure a thorough displacement of air. 
Turn off the gas, set the indicating hands of the meter to the zero position. 
{Caution: See that the hands are reasonably loose before turning so that the 
driving shafts will not be twisted.) Connect the top of the first carbon tube to 
the outlet of the gas meter, the bottom of the first tube to the bottom of the 
second tube, and either allow the residual gas coming from the top of the second 
tube to escape or be conducted away by an attached exit tube. Keep the tubes 
in a vertical position. 

Pass an amount of gas containing approximately 30 to 40 ml, of light oil 
through the absorption tubes, at the rate of 10 to 15 cu. ft. per hr. At the 
completion of the absorption note the volume of gas passed, the temperature 
of the gas, and the barometric pressure. 

Distillation. — Place the enriched carbon from the first tube in a 500-ml., 
side-neck, Pyrex distilling flask, add 125 ml. of cresol, mix thoroughly by shaking 
in thejiask, insert the thermometer in neck of the flask, and connect to a Bar- 
rett standard condenser. Heat carefully with the ring burner and distil at a 
moderate rate till the temperature of 180° C. is reached. Collect the distillate 
in the 200-ml. separatory funnel, which is graduated to 100 ml. Add 125 ml. of 
sodium hydroxide solution, specific gravity 1.10 to 1.15 (8 to 13%), and agitate 
thoroughly. Care should be taken to release the pressure of the gas which is 
often built up. Allow to stand for a few minutes, run off the sodium hydroxide 
solution, and record the volume of light oil obtained. 

Repeat the foregoing procedure with the second carbon tube. Record the 
volume of light oil obtained separately. 

The sum of the two volumes of light oil obtained above gives the total 
volume of light oil from the volume of gas passed at the temperature and 
barometric pressure recorded. 

Calculation. — The amount of light oil present in the gas (volume corrected 
to 15.5° C. (760 mm.)) is calculated as follows: 

Total volume of light oilX0.264 = Gal. light oil per 1000 cu. ft. gas. 


Cu. ft. gasX 


288.5 


Bar. press. 


273+temp. °C. 760 

Reprinted from J. Ind. Eng. Chem., 15,689 (1923). 



2156 


MISCELLANEOUS ANALYSES 


Gal. light oil per 1000 cu. ft. X 12 — Gal. light oil per ton of coal. (One ton of 
coal produces approximately 12,000 cu. ft. of gas.) 


Volume of Gas Required 

In order that the time required for making an absorption may be fairly 
accurately determined before making a test, the volume of gas containing a cer- 
tain amount of condensable vapor should be known. The volume of gas 
containing approximately 30 to 40 ml. of light oil is shown in the table. 

In making routine analysis by this method it is advised that the determina- 
tion of the gas entering the scrubbers and the gas leaving the scrubbers be 
made simultaneously. 


Volume or Coke-Oven Gas Required for Charcoal Absorption Method 


Gal. Light Oil Cu. Ft. Gas 

per Ton Coal Required for 

(12,000 Cu. Ft.) Determination 


0.5 190-250 

1.0 95-125 

1.5 63-83 

2.0 47-60 

2.5 38-50 

3.0 31-41 

3.5 27-36 

4.0 24-31 

4.5 21-28 


The spent activated carbon containing cresol may be revivihed, but it is 
more satisfactory to use fresh material for each determination. 


STARCH AND STARCH PRODUCTS 

Starch is used in the paper industry for four purposes: (1) Engine sizing; 
(2) tub sizing; (3) pasting, and (4) coating. It is necessary to divide it into 
two main classes, with a method of analysis for each class. The hrst to be 
known as raw starch and to include all starches which have not been treated 
in any other way than by the purifying methods used in their manufacture. 
The second to be known as converted starches with subclasses. The method 
of sampling for all kinds of starch products to be the same, and to be embodied 
as part of the method of analysis. 

Sampling. — Ten bags or barrels are taken from different parts of a car. 
These are sampled by means of a 1-inch tryer 12 inches long. One filing of 
the tryer is to be taken from each bag or barrel. Samples so obtained are mixed, 
bottled and sealed in three jars, one for each party to the transaction, and one 
for reference. For smaller deliveries than a carload 10% at least of the bags 
or barrels should be sampled. 

Preliminaiy Examination. — Raw Starch; (a) Spread out 100 grams of the 
sample on a sheet of white glazed paper, and examine for foreign material. 

(6) Mix this sample with 500 ml. of water to a smooth cream and strain 
through a 200-me8h silk bolting cloth. Compare residue on silk with standard 
sample of the same grade, treated in the same manner, at the same time. 
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(c) Stir filtrate from above for two seconds with a circular motion, and let 
stand thirty seconds. Decant carefully, and compare residue with a standard 
sample of the same grade of starch, treated in the same manner, at the same 
time. 

Moisture. — Dry approximately 5 grams to constant weight at 100° C. 
Loss in weight is calculated as moisture. 

Ash. — Weigh out 1 gram of the sample; transfer to a platinum crucible; 
ignite to constant weight. 

Acidity .“Weigh out 20 grams on a watchglass. Transfer to a 250-ml. 
porcelain dish. Add approximately 200 ml. of water, and stir until starch 
forms a smooth cream. Titrate with N/IO caustic soda, using phenolphthalein 
as indicator until a faint pink color persists for twenty seconds. 

Alkalinity. — Method is same as for acidity, except that sample should be 
titrated .with N/10 sulfuric acid until the pink coloration just disappears. 

Test for the Presence of Alkaline Starch or Alkali. — Add a few drops of 
phenolphthalein solution to water in a white porcelain dish ; sprinkle in a little 
of the dry sample. If some of the grains turn pink, it indicates that the sample 
is a mixture of raw starch and alkaline starch or alkali. If all the particles 
turn pink, the material is an alkaline finished starch. 

Viscosity. — Take 12 grams of the sample in 300 ml. of water, bring to boil, 
then boil for ten minutes with constant stirring in an aluminum beaker over 
a naked flame. Determine viscosity at 100° C. with 200 ml, of the liquid in 
a Scott viscosimeter, standardized as follows: Calibrate to hold 200 ml. of 
water at 100° C. Determine viscosity on first 50 ml. withdrawn. Express 
result as a ratio. (Starch viscosity) ^ (water viscosity) = viscosity number. 

Converted Starches. — Owing to the number and variety of the products 
on the market, their classification is a matter of some difficulty. The method 
of conversion, however, may be used as a means, and thus the following classes 
can be arranged: (1) Thin boiling starch, mainly used for tub sizing, converted 
by treatment with weak acid solutions by the “ in suspension or “ drying in 
process. (2) Partly dextrinized starches, and dextrins, made by damping 
the starch with small quantities of acid, and converting at a high temperature 
by the dry process. (3) Oxidized starches, (4) Acetylated starches. (5) 
Alkalbtreated starches, including products consisting of raw starch mixed with 
certain quantities of various alkalies and alkaline salts. (6) Mixtures of starch 
products and mineral fillers. (7) Mixture of starch products with glue and 
casein or other sizing agents, (8) Products in solution or paste form. 

Sampling, Moisture and Ash are the same as for raw starch. 

Acidity and Alkalinity. — First method same as for raw starch. 

Total Acidity. — Mix 10 grams of the sample in 200 ml. of water and heat 
on a water bath for five minutes after reaching 75° C.; cool and titrate. This 
gives the acidity within the starch granule. 

Viscosity. — In determining viscosity the starches are divided into three 
classes: (o) Low boiling, or laundry starch; (b) medium thin boiling; (c) high 
thin boiling, with a decrease in viscosity from (a) to (c). For (a) the viscosity 
should be determined in a 10% solution; for (b) in a 20% solution; for (c) in a 
30% solution. Otherwise the method is the same as for raw starch. 

Added Materials. — These are tested for by the ordinary methods used in 
separating and identifying mineral fillers, metallic salts, glue, casein, and other 
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vegetable sizes. The identification of the product in relation to the classifica- 
tion of the process of manufacture involves a more exhaustive analysis including: 
(1) The identification of the starch by microscopical observation. (2) Com- 
bined acid to determine the degree of acetylation of the product. (3) Solu- 
bility in cold water and reaction with Fehling’s solution, which gives a measure 
of the degree to which the starch has been hydrolyzed and dextrinized. (4) 
Color reaction with iodine and other agents. (5) Technical Valuation — 
Character of Size. A sample of the starch product is mixed with four or five 
times its weight of water, and heated on a water bath, for at least twenty 
minutes after swelling. 

(а) Portions of the size are allowed to cool, and the time of setting observed. 
This gives a figure for the permanency of the solution. 

(б) A little of the size is nibbed out on paper and allowed to dry, when the 
surface and finish produced is observed, 

(c) The solution is run out on a clean glass plate to a thin layer and allowed 
to dry at room temperature. Film produced is examined and compared with, 
say, a gelatin film, for physical characters. 

Sizing Strength. — For paper coating the size is prepared under the proper 
conditions for the particular product and mixed with definite quantities of 
clay or other filler. A series of samples is made up at graduated strengths 
according to the proportions used in practice, and samples of paper are coated 
by color obtained. The sizing power of the sample is determined, in com- 
parison with other sizing materials, treated in the same manner, at the same 
time, by noting the resistance to spirit varnish, or by using the sealing wax 
test and others. In most cases, both for coating and tub sizing, the most 
accurate and reliable results are only obtainable by a working trial under 
standard conditions. 


TANNIC ACID” 

The following procedure is applicable for the examination of pure tannic 
acid solutions and tannins. 


Reagents 

Potassium Permanganate. — Approximately N/10 KMn 04 . Standardize 
against N/iO oxalic acid .solution. 

Indigo Carmin Solution. — 5 grams of pure indigo carmin dissolved in 
water, 50 grams of cone. H 2 SO 4 are added and the solution diluted to 1000 ml. 

“References: H. R, Proctor, “Leather Industries Laboratory Book of Analytical 
and Experimental Methods.” 

Knecht-Rawson-Lowenthal, “ Manual of Dyeing,'* Vol. 11, pp. 802, Eighth Edition. 

Leach, “Food Inspection and Analysis," p. 282. 
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Gelatin Solution. — 20 grams of pure gelatin dissolved in hot water and 
diluted to 1 liter. 

Saturated NaCl Acid Solution.— 5% H 2 SO 4 solution saturated with NaCl. 

Total Astringency — Lowenthal-Proctor Method 

Standardization of the Indigo Carmin Solution. — The filtered solution should 
give a yellow color free from brown when oxidized with KMn 04 . 

Twenty-five ml. of the reagent in a porcelain casserole are diluted to 750 ml. 
with water amd the KMn 04 reagent added drop by drop from a burette with 
constant stirring until a pure yellow color is obtained. The rate of titration 
should be uniform in all tests and should be carried out very cautiously as the 
endpoint is approached. This is recognized by a faint pinldsh rim appearing, 
best seen on the shaded side of the casserole. 

Procedure for Astringency. — 1 gram of solid (or 2-5 grams of solution sumac 
extract) is dissolved in water and diluted to 1 liter. 10 ml. of this solution is 
placed in a large casserole containing 750 ml. of water. 25 ml. of the carmin 
solution are added and the mixture titrated with N/10 KMn 04 as described for 
standardization of the indigo carmin reagent. From this titration the number 
of ml. KMnOi required by 25 ml. of indigo carmin reagent are subtracted and 
the difference represents the KMnOi required by the sample. Multiply ml. 
KMn 04 required by sample by 0.004157 ~ A. 

Astringent Non-tannins. — To 50 ml. of the solution (in an 8 oz. bottle) 
made as stated in the previous determination are added 25 ml. of 2% gelatin 
solution and 25 ml. of the saturated NaCl acid reagent follo^ved by 10 grams of 
china clay. The bottle is stoppered and the mixture shaken for five minutes 
and then filtered through a dry filter, thus removing the tannins. The filtrate 
is tested with more gelatin solution to see that the tannin is completely pre- 
cipitated. (A stronger gelatin solution should be used if tanning is evident and 
the test repeated with 25 ml. of this.) 20 ml. of the filtrate, equivalent to 10 ml. 
of the original solution, are titrated with N/10 KMn 04 exactly as in the pre- 
ceding test and the ml. KMn 04 consumed by the non-tannins is multiplied by 
the value of the KMnOi (N/10 = 0.004157) and the result recorded as B. 

Tannic Acid or Tannins. — The difference betw’een the total astringency, 
calculated as tannin, and the astringent non-tannins gives the amount of 
tannins, namely result A minus result 5 = grams tannin. Calculate to 
percentage. 

1 ml. N/10 KMn 04 = 0.004157 gram tannin. 


BLEACHING POWDER 

Sampling. — Twenty per cent of the packages in the shipment should be 
sampled. The sample shall be taken by boring or cutting a two-inch hole 
through the side of the wooden cask or iron drum midway from the ends, or 
through the head near the center. The sampler, which consists of a stout iron 
scoop about one and a half inches wide and eighteen inches long, shall be in- 
serted for two or three inches, withdrawn, and the bleach removed discarded. 
The sampler shall be inserted again as far as it will go, removed, the bleach 
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transferred to a glass fruit jar, and the jar closed until the next cask is sampled. 
The portions from the several casks shall all be mixed together to make one 
composite sample representing the shipment. 

Available Chlorine. — Ten grams of bleaching powder from the well-mixed 
sample is weighed out and triturated in a mortar, adding small quantities 
of distilled water at a time and grinding thoroughly after each addition until 
the powder is converted to a voluminous paste free from dense particles. The 
liquor after each trituration is poured off into a 1000-ml. graduated volumetric 
flask, and the paste is finally washed into flask. Fill the flask to the mark 
with distilled water, shake well and draw off an aliquot portion by means of a 
50-ml. pipette for analysis, observing the precaution that the liquor drawn off 
contains its proportion of suspended matter. The available chlorine is deter- 
mined by titration with N /lO sodium arsenite solution, using starch iodide paper 
as an indicator. 

Note. — The N/10 sodium arsenite solution is made by drying arsenic trioxide, which 
answers Krauch’s requirements for purity, in a desiccator over night, 4.95 grams being 
weighed out and dissolved in 200 ml, distilled water with 20 grams of pure sodium 
carlwnate, the solution cooled and made up to 1 liter, then standardized with resublimed 
iodine. 

One gram of potato starch is mixed with distilled water to a cream and then 
poured slowly into 100 ml. of boiling water and the liquid allowed to boil gently 
for two minutes when 1 gram of c.p. potassium iodide, dissolved in a little 
distilled water, is poured in. The liquid is then thoroughly mixed, allowed to 
settle and strips of unsized paper are soaked in the solution and hung up to dry, 
out of contact of fumes. 

Chlorates. — The solution in which the available chlorine has been deter- 
mined by means of N/10 sodium arsenite is slightly acidified with sulfuric acid, 
the solution transferred to a narrow-mouth flask, and a quantity of pure am- 
monium ferrous sulfate is added in excess of that required to reduce all chlorates 
to chlorides. The flask is then stoppered with a 2-hole rubber stopper, which 
is fitted with a small separatory funnel through one opening, and a small glass 
tube ending in a short piece of rubber tubing (which may be clamped tight when 
needed) is fixed in the other opening. The liquid is then brought to boiling 
and 15 ml. of 1.29* sulfuric acid is added drop by drop, through the funnel. 
When acid is all in, close opening in funnel and clamp rubber tubing on vent, 
cool, and titrate back the excess of ferrous ammonium sulfate with N/10 
potassium permanganate. 

Total Chlorides. — The slight pink color produced by the permanganate is 
removed by the addition of a drop or two of N/10 ferrous ammonium sulfate, 
and an excess of N/10 silver nitrate solution is added. 

The silver chloride Ls filtered off, washed w’cU and the excess silver nitrate 
is determined by means of N/10 potassium thiocyanate, the iron in solution 
acting as an indicator. See chapter on Chlorine, Vol. I. 

NoTE.—The chlorine as chlorates plus the available chlorine subtracted from the 
total chlorine as chlorides gives the chlorine present originally in the bleach as chlorides. 

Determinatioii of Bases and Silica. — To 2 grams of bleaching powder add 
25 ml. 1.12* HCl and 50 ml. of 3% H 2 O 2 . Digest and evaporate on steam bath 

* Specific gravity. 
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or hot plate. Dehydrate the silica and determine the silica, alumina, iron, 
calcium oxide, and magnesia as in lime analysis. 

Free Lime. — To 100 ml. of bleach liquor made up for the available chlorine 
determination add 25 ml. hydrogen peroxide, bring to boil and oxidize the 
hypochlorite. The solution is then titrated with standard acid. At the same 
time the acidity of the H 2 O 2 used should be determined and a correction made 
for the amount used in destroying the hypochlorite. The free lime is calculated 
from the acid consumption. 

Quality of Powder for Producing Bleach Liquor. — Sixty grams of bleaching 
powder is weighed out and added to 1000 ml. distilled water in a glass jar 4j 
inches in diameter and 5 inches deep. The mixture is stirred vigorously by 
means of a glass rod bent so that it just clears the bottom and sides of the jar, 
driven by power from electric or water motor at 250 r.p.m. for exactly 15 
minutes. The jar is then placed on a bench free from vibration and the time 
required for the dregs to settle to the bottom noted; 25 ml. of the clear bleach 
liquor is then measured out and tested in the usual way for available chlorine. 

Determination of Wood and Coarse Impurities, — 100 grams of the powder 
is triturated in a porcelain mortar, washed through a 60-mesh sieve, residue 
is dried and weighed. 

Proximate Analysis for Sand and Grit. — To 10 grams of the powder add 
75 ml. of 1.12 hydrochloric acid, and warm until all lime salts are dissolved, 
dilute to 200 ml. with distilled water, pour off the supernatant liquid, again 
dilute to 200 ml. with distilled water, filter, wash, and ignite the residue. 

Note. — If preferred, a potassium iodide-starch solution preserved with a drop of 
ecu or CS2 may be used as the indicator in the determination of available chlorine by 
testing a drop of the bleach liquor with a drop of the indicator on a pill tile rather than 
the use of the potassium iodide-starch paper. If desired, .soluble starch, which dissolves 
readily in hot water, may be used in the preparation of this indicator. 


ANALYSIS OF CLAY« 

Chemical Analysis. — The sample should be finely ground, if necessary a 
large quantity, 2 to 10 pounds, should be weighed and dried on steam table, 
weighed again and lo.ss in moisture calculated to percentage; it may then be 
finely ground. 

A weighed quantity, 1 to 10 grams, should now be dried at 100° C. to 
constant weight, this loss calculated to percentage and added to that from the 
first drying and is the moisture. A weighed portion, 1 to 2 grams, of the 
moisture-free powder is heated, in a covered crucible, to bright redness for 10 
minutes, cooled and reweighed; loss = combined water and organic matter. 
Or a weighed quantity is put in a boat which is heated in a tube in a current 

^ By J. M. Wilson, Lefax, 9-196, June, 1919. By courtesy of Lefax, Philadelphia. 
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of dry air and drawn through a weighed CaCL tube ; gain in weight — combined 
moisture. 

Mix 1 gram dry clay wth 5 g. Na2C03-hi g. KNO3 in a platinum crucible^ 
fuse 30 to 40 minutes, cool, detach melt from crucible. Wash crucible with 
H2O, then HCl, then H2O, pouring all washings into a porcelain dish, and add 
the melt. Cover dish, add HCl little at a time until in considerable excess. 
Evaporate dry, bake 1 hour at 120° C. Cool, moisten well with HCl. Evap- 
orate and bake again. Cool, moisten HCl, take up in H2O, boil 10 minutes, 
filter, wash with hot HCl (1 : 1), cold H2O, hot HCl, cold H2O, then 5 to 6 
times hot H2O, ignite in a weighed platinum crucible and hold. ' 

Evaporate the filtrate and washing in a dish, bake as above, moisten with 
HCl, evaporate and bake again. Take up HCI-I-H2O filter and wash as above. 
Burn this filter in same crucible, cool, weigh = crude Si02. Moisten with few 
drops H2SO4 (1 :4), then H2O to make a thin mud; add enough HF to fill 
crucible § full, evaporate at gentle heat; heat cautiously over lamp — to avoid 
spattering — raising heat slowly to full heat of lamp. Loss in weight = Si02. 

If any residue remains in the crucible, fuse with KHSOi. Leach melt with 
H2O and add to main filtrate. 

Boil filtrate from silica, add 1 to 3 ml. IINO3, boil 10 minutes. Add NH4OH 
in slight excess, boil 3 minutes, let settle in warm place, decant through a filter. 
Add hot water to precipitate, stir, let settle, filter, dissolve precipitate in 
HCl (1 : 1). Dilute to 250 ml,, boil, reprecipitate as above, repeat again, 
wash thoroughly with hot H2O. Ignite and weigh precipitate = Fe203Ai203- 
(PaOo'TiO.). 

Fuse with KHSO4, leach with H2O, reduce in Jones redactor. Titrate Fe 
with KMnO 4. Fe /0. 7 = Fe20 3. 

Fuse 2 to 5 grams dry sample with 5 wts. Na2C03 + 2 wt. KXO3. Leach 
melt with II 2O, filter, wash with HoO+NasCOs. Save residue for Ti. Acidify 
filtrate with HNO3, boil off CO 2, add FcaCL solution (free from Phos.), boil. 
Add NH4OH, filter, take up precipitate in HNO3. Boil well and precipitate 
the phosphorus with ammonium molybdate. Determine phosphorus. 

PX2.29 = P205. 

(AI2O3-}- FcaOs -pP 205 -i*T.i 02 ) — ( 1 02034“ P205d-Ti02) = ALOs. 

Evaporate united filtrates from AI2O3, etc,, to 100 ml. Make ammoniacal, 
add Br2 in excess, then 60 to 70 ml. XH4OH, boil 20 minutes, filter, wash with 
hot H2O. Ignite and weigh Mn304. Mn304X0.93006 = MnO. 

Acidify filtrate from MnO?, evaporate dry, take up in HCl-i-H20 (volume 
150 ml.), boil, add NH4OH till neutral, then ammonium oxalate. Boil 10 
minutes, cool 2 hours, decant close as possible through filter. Dissolve precipi- 
tate in HCl, dilute to 100 ml., add ammonium oxalate, boil. Precipitate with 
NH4OH, boil 10 minutes, filter after 2 hours, wash twice with cold HjO, then 
5 or 6 times with hot H2O. Ignite strongly, weigh while still warm, repeat 
ignition and weighing = CaO. Or dissolve precipitate in least quantity HCl 
(1:1) through filter into an Erlenmeyer flask. Wash with H2O, add 25 ml. 
H2SO4 (1 : 4), heat to 80° C., titrate with KMn04. Fe value KMn04/2 = Ca0. 

Evaporate combined filtrates from CaO to small volume (15 to 20 ml.), add 
1 gram ammonium phosphate (NH4)2HP04, then NH4OH till solution is 
neutral. Cool under tap, stir till precipitate forma, set aside 16 minutes, 



MISCELLANEOUS ANALYSES 


2163 


stirring occasionally. Add 5 volume NH4OH, stir, let stand 4 hours, filter 
but do not wash. Dissolve through filter in HCl into vessel in which precipita- 
tion was conducted. Wash filter with H2O, reprecipitate with NH4OH as 
before, filter on weighed Gooch felt. Wash with (NH4NO3, 60 g.; H2O, 80 ml.; 
NH4OH (1 : 3), to 600 ml.), dry at 100® C., ignite carefully till a glow passes 
over the precipitate, cool and weigh Mg2p207. 

MgaPsOvX 0.36207 -MgO. 

Alkalies.-i- Weigh 1 gram clay, 1 gram NH4CI into a platinum crucible, mix 
thoroughly. Add 6 grams CaCOs (free from alkalies), mix, cover with 2 grams 
CaCOj. Heat covered crucible very gently till no more fumes are given off. 
Raise heat slowly till lower third of crucible is at good red heat. Maintain 
this heat for 15 minutes, cool, transfer sintered mass to a porcelain dish. 
Wash out crucible wjth water into dish, add more water till volume is 200-300 
ml. Digest at 100® C., breaking lumps with a glass rod, then boil 5 to 10 
minutes, add (NH4)2C03, allow to stand 20 to 30 minutes. Filter into a 
porcelain dish, wash thoroughly with hot H2O containing (NH4)2C03. Evapo- 
rate nearly dry, add NH40HH-ammonium oxalate, filter into a platinum dish. 
Evaporate dry, ignite gently to drive off ammonium salts, cool, add (NH4)2C03 
-{-ammonium oxalate, filter through very small filter into a weighed platinum 
dish. Evaporate dry, ignite gently till ammonium salts are volatilized, raise 
heat till bottom of dish is a faint red, cool and weigh. Moisten with a drop or 
two of HCl, heat again and weigh = NaCl-i-KCl. Separate 1st by PtCU, 
2d by perchloric acid, 3d by titration of Cl with AgNOs, or 4th by conversion 
into sulfates and determining the SO3 with BaCh. 

Titanium. — Decomposition, (1) by fusion with 5 wts. Na2C03-|-J wt. KNO3, 
leaching with H2O, and extracting Ti02 from residue, (2) by fusion with KHSO4, 
leaching with H20-1-H2S04, filtering and precipitating TiOo from filtrate, (3) 
by moistening with dilute H2SO4 and evaporating with HF to remove SiOa 
and decompose silicates. 

Precipitate, add NH4OH to solution until a faint precipitate is produced, 
then HCl to redissolve the precipitate and leave a slight excess. Dilute to 
250 ml., add strong solution Na2S203 and boil 20 minutes. Let settle, decant 
through a filter, wash once by decantation, keeping as much of the precipitate 
in the beaker as possible. When filter has drained, place beaker, in which 
the precipitation was made, under the funnel and treat filter with concentrated 
HCl. Allow to act 15 to 20 minutes, wash filter thoroughly with cold H2O, 
repeat the precipitation as above, filter, wash well with hot H2O, ignite and 
weigh Ti02. 

When Ti02 is present in small amount, it may be determined by color. 
Standard Ti(S04)2 solution is made as follows: Fuse | gram rutile with Na2C03, 
leach melt with H2O, filter, take up insoluble in H2SO4 (1:4), evaporate to 
fumes, cool, take up with H2O + H2SO4, filter if necessary, dilute till 1 ml.= 
0.001 gram Ti. Decompose clay by fusion with Na2C03 and treat the residue 
with H2SO4. Evaporate to fumes, take up with H2O-I-H2SO4, pour into a 
Nessler tube. Fill another Nessler tube nearly to same volume with H^O. 
To each add 5 ml. H2O2 and to the standard add the standard Ti(S04)2 from 
a burette until the brown colors match, when the volumes are equal. The 
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burette reading will then give the number of milligrams of Ti in the clay from 
which the percentage may be calculated. 

State of Silica. — A — Combined with bases in the clay, B — Hydrated silica, 
C — Sand or silicates. Moisten 2 grams dry ix)wder with H 2 O, add 20 ml. 
H 2 SO 4 (cone.), cover dish, heat 10 hours, remove cover, evaporate dry, cool, 
take up in H 2 O, filter, wash with H 2 O, ignite and weigh = A + 5-b C, 

Boil with Na 2 C 03 solution, allow to settle, decant through a weighed Gooch 
felt or alundum crucible, repeat boiling and decantation until a portion of the 
filtrate gives no precipitate with NH4CI on standing. Transfer residue to 
filter and w'ash thoroughly with hot H 2 O, acid, then hot H^O: Ignite and 
weigh = C. A and B are in filtrate. 

Boil 4 to 0 grams dry powder with strong solution of NazCOa, filter, wash 
with hot H 2 O. Acidify filtrate with HCl, evaporate dry, bake at 120® C., 
cool, moisten with HCl, evaporate dry, bake again. Take up in HCl and H 2 O, 
filter, 'wash, ignite; weigh as Si 02 = B. {A-\-B+ C)-~(B+C)= A. 

If C = total Si02 found on analysis, C is quartz. If A~\-B~\-C is 

greater than total SiOi., C is in form of silicate and weight of SiOa as silicates = 
A + 'B-f-C— total SiOa found in 1 gram. 


ANALYSIS OF GLASS'^ 

As glass consists of .such a variety of substances, to define it exactly is a 
decidedly perplexing problem. Neither can a formula be written for such a 
substance, because it may contain many different radicals, and also because 
glass is a mixture of silicates and not a definite compound. 

It is also quite a problem to write up an analysis of glass that will embrace 
all glasses. The most common substances usually found in clear glasses are 
Silica, Lead, Alumina, Calcium, Magnesia, Soda, Potash, Iron as an impurity, 
and other substances found in special glasses and colored glasses such as 
Barium, Borax, Manganese, Sulfur, Zinc, Tin, Copper, Chromium, Gold, 
and Uranium, Fluorides, Phosphates, Lithium and Strontium are also occa- 
sionally found. Antimony, Arsenic, Cobalt, Selenium, Titanium, etc., are 
not uncommon but are usually present in such small quantities that they are 
seldom determined or even looked for. 

In the following analysis only the substances most frequently encountered 
by the glass chemist will be considered. They are — Silica, Lead, Iron, Alumina, 
Calcium, Magnesia, Soda, Potash, Barium, Borax, Manganese and Sulfur. 
If an unknown glass is to be analyzed, it is always necessary to make a qualita- 
tive examination of the sample before any quantitative work should be at- 
tempted. 

G. E. Fisher, Lefax, 11-319. By courtesy of J. C. Parker, President Lefax, 
Philadelphia. 
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Density or Specific Gravity. — The value and importance of knowing the 
specific gravity of a glass is quite often overlooked but its value becomes more 
evident as one continues to make the determinations and link them up with 
the analysis of the glass in question. It is always advantageous to take the 
specific gravity before the glass is analyzed as it quite often gives a clue as to 
the type of glass, especially to the person who is familiar with linking gravity 
and analysis. It is always interesting to calculate the specific gravity from the 
percentages of constituents in the analysis. This can be done by any who 
have the proper tables and formula at hand. 

The specific gravity of a piece of glass weighing as little as 8 grams can be 
very accurately determined on the analytical balance. By making substitu- 
tion in the equation; 

j. W,-W2 

where D ^specific gravity, ITi = weight in air, 1^2 = weight in water, the density 
is easily computed. Duplicate computations should check within five points 
in the third decimal place. 

Preparation of Sample and the Determination of Silica. — Grind the sample 
of glass to an impalpable flour with a mortar and pestle. Weigh out 1 gram 
of the finely powdered glass into a platinum crucible. Weigh out 4 grams of 
sodium potassium carbonate fusion mixture and about half a gram of potassium 
chlorate and transfer to the same crucible. Mix thoroughly and take care 
not to lose any. Fuse this and keep it hot till the mass is a liquid in the bottom 
of the crucible. Allow the mass to cool off considerably and then take up the 
melt with 50 to 100 ml. of hot water containing about 10 ml. of hydrochloric 
acid. If borates are present, refer to the removal of borates under “ Deter- 
mination of B2O3.” Transfer to an evaporating dish and evaporate to dryness 
on a steam bath and then bake for at least half an hour on a hot plate at 110 ® C. 
Then take up with dilute hydrochloric acid and water and filter. Wash the 
residue with hot water until free from chlorides. Save this residue. Transfer 
the filtrate to the evaporating dish and evaporate and bake as before. Take 
this up with water and hydrochloric acid and filter and wash with hot water 
until free from chlorides. Combine this residue with the first one and ignite 
to constant weight in a previously ignited platinum crucible. After weighing, 
moisten with dilute sulfuric acid and then fill the crucible three quarters full 
with hydrofluoric acid and evaporate to dryness in an iron cone, ignite and 
weigh. Deduct the weight of this residue from that of the above weighing. 
The difference in weights is the weight for corrected silica from which the per- 
centage is easily calculated. Fuse the residue which remains in the crucible 
with about 2 grams of potassium bisulfate, take up with dilute hydrochloric 
acid and add it to the main solution. If the sodium potassium carbonate fusion 
mixture is not known to be pure, it should be analyzed and corrections made 
accordingly. 

Determination of PbO. — Neutralize the solution, then make it just acid 
with 1 drop of hydrochloric acid. Pass in hydrogen sulfide gas for several 
minutes to insure complete precipitation. Allow the lead sulfide to settle, 
then filter on a Gooch crucible. Wash the residue with water saturated with 
hydrogen sulfide. Again pass hydrogen sulfide into tliis filtrate to be sure 
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precipitation is complete. Preserve the filtrate for the estimation of iron, etc. 
Dissolve the lead sulfide in dilute nitric acid (1 :4). Filter this solution to 
remove the asbestos used in the Gooch, Precipitate lead sulfate from this 
solution by adding dilute sulfuric acid with constant stirring. Then add 100% 
by volume of 98% ethyl alcohol to the cold solution. Allow the precipitate 
to settle for an hour and filter on a weighed Gooch previously ignited at a red 
heat. Wash with 50% alcohol. Heat the residue slowly and ignite at a dull 
red heat until the residue is white. Cool and weigh as lead sulfate. Calculate 
the percentage of PbO by using the proper factors which may be found in the 
table below. 

Determination of FeaOa and Al 203 (R- 203 ). — Boil this solution with 2 or 
3 ml. of nitric acid to remove the sulfur and oxidize the iron. Cool the solution. 
Add about 5 grams of ammonium chloride and then add ammonium hydroxide 
until the solution is slightly ammoniacal. Boil cautiously for about 5 minutes. 
Allow the precipitate to settle. Filter and wash with hot water or hot 2% 
ammonium nitrate solution. Preserve this filtrate for the determination of 
calcium. Ignite the residue in a weighed platinum crucible. Cool and weigh 
as Fe 203 and AI 2 O 3 . Fuse this residue with potassium bisulfate and digest with 
dilute sulfuric acid. Transfer to a 250-inl. Erlenmeyer flask. Pass in hydrogen 
sulfide gas to reduce the iron. Then fit a Bunsen valve to the flask and boil to 
a small volume to drive off the excess hydrogen sulfide. Cool and add a pinch 
of sodium bicarbonate and titrate with standard N/200 potassium permanganate 
solution. From the amount of standard solution used calculate the percentage 
of iron oxide. Deduct the percentage of iron oxide from (FcjOa+AUOa) and 
the difference is the per cent AI2O3. 

Determination of CaO. — Bring the solution to boiling. While hot add 10 to 
20 ml. of hot saturated ammonium oxalate solution with constant stirring. 
Then add about 5 ml. of ammonhiin hydroxide. Allow to stand for several 
hours or preferably over night. Filter off the calcium oxalate and wash with 
a 2% ammonia water. Preserve the filtrate for the determination of magnesia. 
Ignite the residue at full blast in a previously ignited and weighed platinum 
crucible to constant weight. Weigh as calcium oxide. 

Determination of MgO. — Concentrate the solution by boiling and while 
hot add 10 to 20 mi. of saturated microcosmic salt solution with constant 
stirring. Then add ammonia and stir vigorously, taking care not to strike 
the sides of the beaker. Allow the precipitate to settle for several hours or 
preferably over night. Filter and wash with a 2% solution of ammonia water. 
Dry the residue and filter paper. Ignite slowly at first and then at full heat 
in a weighed porcelain or platinum crucible, until constant weight. Cool and 
weigh up as magnesium pyrophosphate. Calculate the percentage of MgO 
by using the factor found in the table below. If large amounts are to be ignited, 
it is best to ignite the residue and paper separately in a porcelain crucible. 

Determination of the Alkalies. — The method in general use is that of Sulli- 
van and Taylor. Weigh out 1 gram of finely powdered glass in a platinum 
crucible of about 40 ml. capacity, moisten with water and add 2 grams of oxalic 
acid crystals and enough 48% hydrofluoric acid to fill the crucible half full. 
This is evaporated to dryness and warmed to a temperature which is just high 
enough to expel the excess oxalic acid. When all the acid is expelled, the cruci- 
ble is cooled and the evaporation repeated twice more with oxalic acid and water. 
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The amount of oxalic acid used is about 5 grams in all. After the third evapora- 
tion when all the excess of oxalic acid is expelled, the remaining oxalates- are 
taken up with hot water, allowed to cool and filtered. The residue which 
consists of lead oxalate and calcium oxalate is filtered off. The filtrate is 
evaporated to dryness in a platinum dish and then heated over a free flame 
until oxalates are decomposed to carbonates. The insoluble carbonates are 
filtered off and the alkali carbonates arc in the filtrate. The filtrate is made 
acid with hydrochloric and evaporated to dryness to remove traces of silica. 
The filtrate is evaporated to dryness in a platinum dish, the sodium chloride 
and potassiflm chloride heated to incipient fusion, cooled and weighed. T his 
gives the weight of the combined alkali chlorides. The chlorides are dissolved 
in about 25 ml. of water and 4-5 ml. of chloroplatinic acid (1 gram Pt in 10 ml.) 
added and the solution evaporated to a syrupy consistency. The insoluble 
potassium chloroplatinate is filtered on a Gooch. Wash by decantation with 
85% ethyl alcohol until the washings are colorless. The Gooch is dried at 130° 
C. to constant weight. The potassium chloroplatinate is computed to potas- 
sium chloride, and the sodium chloride found by difference from the weight of 
the combined alkali chlorides. Both potassium chloride and sodium chloride 
are computed to their respective oxides. 

Determination of B 2 O 3 . — Before proceeding wdth any of the determinations, 
boric acid must he removed. This is done by adding 25 ml. of methyl alcohol 
in both dehydrations of silica. Then proceed as usual. The determination 
of BoOa must be made as follows on a separate sample of glass. Fuse .5 gram 
sample with about 4 grams of sodium carbonate. Take up with 20-30 ml. 
dilute hydrochloric acid and add a few drops of nitric acid to oxidize the iron. 
Place the whole in a 250 ml. round bottom flask. Heat nearly to boiling and 
add dry precipitated calcium carbonate in moderate excess. * Connect with a 
reflux condenser and boil vigorously for ten minutes to remove CO 2 from the 
solution. Filter off precipitate through a small Buchner funnel, washing several 
times with hot water. Keep the volume below 100 ml. Return the filtrate 
to the flask and add a small amount of calcium carbonate and again heat to 
boiling. Connect up to a filter pump, through a splash trap, and continue 
suction cautiously, until boiling has nearly ceased, to remove the last traces of 
CO 2 in the solution. Cool to room temperature and filter if necessary. Add 
4-5 drops of phenolphthalein indicator and run in slowdy N/10 standard sodium 
hydroxide solution until the liquid is decidedly pink. Add about 1 gram of 
mannite or 10 ml. glycerol and shake. The pink color wdll disappear. Then 
run in more standard NaOH till pink and then more glycerol. Continue 
this until the pink is permanent. The glycerol must be neutral. The standard 
NaOH should be standardized against a standard sample of B2O3. The percent- 
fi-ge B 2 O 3 can then be computed. 

This method is unsatisfactory when zinc and lead are present in the glass as 
high results are obtained. Fuse a half-gram sample with 4 grams of sodium 
carbonate. Digest with 20-30 ml. of hot water and when the melt is entirely 
decomposed filter off any insoluble oxides. After washing, transfer the filtrate 
to a 250- ml. round bottom flask. Add about 7 ml. concentrated hydrochloric 
acid. Heat nearly to boiling and add a moderate amount of calcium carbonate 
in excess; from here proceed as above from asterisk.* 
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Determination of Mn 02 . — The iron and alumina precipitation with am- 
monia also effects the precipitation of manganese. It is then necessary to 
separate these three substances. The residue containing Fe 203 , AI 2 O 3 , Mn 02 is 
dissolved in dilute nitric acid. It is necessary that the solution be free from 
ferrous iron. To this solution add as much sodium carbonate as possible 
without any precipitation taking place. This must be added very cautiously 
drop by drop. Dilute and add one- half gram of sodium acetate and boil. 
Let settle and filter. Wash with a solution of ammonium acetate. The 
filtrate should now be neutral to methyl orange. The residue contains the iron 
and alumina. The filtrate contains the manganese. Dissolve the residue in. 
dilute hydrochloric acid and determine iron and alumina by the foregoing 
method. The filtrate should be concentrated. Add 10 grams of sodium ace- 
tate. The solution should now have a volume of about 200 ml. Bromine 
water is then added until the color is distinct. The solution is then boiled for 
about 15 minutes, with small additions of bromine water. The precipitate 
is then allowed to settle. Filter and wash. Dissolve the residue in hot dilute 
hydrochloric acid containing a little bisulfite. Add ammonium phosphate, 
then ammonia slowly, with heating and constant stirring. Allow it to settle 
a few hours, then filter and wash with a dilute solution of ammonia water. 
Ignite in a w^eighed porcelain crucible, as manganese pyrophosphate, and com- 
pute the percentage of Mn 02 from the factor in the table below. 

Determination of Sulfur. — A separate sample should be used for the estima- 
tion of sulfur. Weigh out a 2 gram sample, mix with 5 grams of sodium potas- 
sium carbonate fusion mixture and a half gram of potassium nitrate. During 
fusion the charge should be protected from the flame by an asbestos board 
provided with a hole to accommodate the crucible. Take up the fusion with 
W'ater, transfer to an evaporating dish and dehydrate. Take up with dilute 
hydrochloric acid, filter and wash. Dehydrate the filtrate the second time, 
take up with dilute hydrochloric acid, boil to drive off carbon dioxide, filter and 
wash. To the hot filtrate add enough barium chloride solution to precipitate 
the sulfur completely. The barium chloride should be added very slowly and 
with constant stirring. Allow the barium sulfate to settle several hours and 
then filter on a w^eighed ignited Gooch, Wash with a dilute alcohol solution. 
Ignite at a temperature of about 800° C. Cool and weigh as barium sulfate. 
Compute percentages from the table given below. 

Determination of BaO and Separation of Barium from Calcium. — This 
separation is made from the solution from which iron and alumina have been 
precipitated. Boil this solution sufficiently to remove the ammonia. Evapo- 
rate the filtrate nearly to dryness. Then take up with about 300 ml, of water 
and add 0-6 drops of acetic acid with enough ammonium acetate to neutralize 
any free mineral acid present. Heat the solution and add an excess of am- 
monium chromate. Allow the barium chromate precipitate to settle for an 
hour or more. Filter on a weighed Gooch and wash with water containing 
ammonium chromate, until free from calcium. Then wash with water until 
free from ammonium chromate. Dry the precipitate at 110° C. and ignite 
gently at first and finally to a dull red heat. Weigh as barium chromate and 
compute the percentage of BaO from table. 
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TABLE OF COMPUTATION FACTORS 


BaSO* X0.1373 = S 
X0.2744-SO4 
X0.3430=S03 
X0.4115-S0< 
X0.4202=H2S04 
X0.821 *=Na2S04 
X0.747 =K2S04 
X0.892 =BaCU 
BaCrO4X0.541 =Ba 
X0.605 =BaO 


PbS04 X0.736 = PbO 
X 0.683 = Pb 
MgaPaO 7X0.218 = Mg 
X0.362-MgO 
Mn2P2O7X0.387 = Mn 

X0.612 = MnO 2 
KaPtCU X0.306=KC1 
X0.193 = K20 
KCl X0.631 = K20 
NaCl X 0.530 =Na20 


ANALYSIS OF THE MOST IMPORTANT GLASS-MAKING 
MATERIALS 

Potash (Potassium Carbonate) Water Insoluble. Dissolve five grams of 
the sample in 100 ml. of distilled water and filter off any insoluble matter on a 
tared Gooch crucible. Dry, cool and weigh. 

Moisture . — Weigh out a five gram sample into a tared porcelain crucible or 
a small evaporating dish and heat in an electric oven at 110° C. for several 
hours. Cool and weigh and report the loss in weight as moisture. 

Chlorides . — Dissolve a five gram sample in 100 ml. of distilled water. 
Filter if necessary. To the filtrate add a few ml. of nitric acid until the solution 
is acid and then add silver nitrate solution until precipitation of the chlorides is 
complete. Heat the solution to boiling and stir vigorously to coagulate the 
silver chloride. Let the precipitate settle (in a dark place) and filter on a tared 
Gooch crucible and dry on a hot plate. Cool and weigh and calculate the 
percentage of potassium chloride. Factor 0.519. 

Sulfates . — Dissolve five grams of the sample in 100 ml. of distilled water. 
Filter if necessary. To the filtrate add hydrochloric acid until the solution 
is slightly acid. Heat the solution to boiling and precipitate the sulfates by 
adding barium clil’oride solution slowly and with vigorous stirring. Allow to 
stand on a hot plate to settle. Filter on a previously ignited and weighed 
Gooch crucible. Ignite at a red heat to constant weight, cool and weigh as 
barium sulfate. Calculate the percentage of potassium sulfate by using the 
factor 0.747. 

When the Sulfates are Under 1 %. — A two and one-half pam sample is 
dissolved in about 100 ml. of distilled water and then made slightly acid with 
hydrochloric acid. Filter if necessary. Transfer the solution to a 250-ml. 
volumetric measuring flask and dilute to 250 ml. From this solution draw off 
25 ml. with a pipette and drain into a previously ignited and weighed platinum 
dish. Evaporate the solution to dryness and then heat gently (to avoid 

Philac^ G. E. Fisher, Lefax, 12-561. By courtesy of J. C. Parker, President Lefax, 
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spattering of the residue) to low redness or to the point where the chlorides 
just begin to fuse. Cool and weigh and note as combined chlorides. 

The precipitate in the platinum dish should then be taken up with the 
smallest possible amount of water and to it add seventeen times the weight of 
the combined chlorides, of a solution of chloroplatinic acid (1 gram platinum 
to 10 ml.). Evaporate this solution to a thick syrup, and take it up with 
25 ml. of 95% alcohol and filter through a tared Gooch crucible and wash with 
95% alcohol until the washings are colorless. It is then dried at about 160® C., 
cooled and weighed. The washings and residues should be preserved for the 
recovery of the platinum. 


K2PtCl6X0.307 = KCl. 

'K'ri — I reduced to chlorides 

[ KCl as impurity 


1 = 


KCl as K 2 CO 3 . 


KC1X0.926X100 

0.25 


% K.CO3. 


Combined chlorides — KCl = NaCl. 

NaClX0.905Xl00 

0.25 


= % Xa^COs. 


When the Sulfates are Over 1 %. — To the 25 ml. as obtained above and 
heated to boiling add barium chloride in slight excess. Let it settle and filter. 
Then to the filtrate add ammonium carbonate in excess to precipitate the 
excess of barium. Filter. Evaporate this filtrate to drynes.s and ignite very 
carefully to decompose the excess ammonium carbonate and fuse the combined 
chlorides. Then proceed as outlined above when the sulfates are not in excess 
of 1 %. ‘ 

The potash residues and washings should be saved and the platinum re- 
covered as follows: The washings and residues are combined and dissolved in 
hot distilled water. Add sodium formate and sodium hydrate and heat the 
solution until the platinum is precipitated. Filter and ignite, cool and weigh. 
Dissolve this residue in aqua regia and evaporate with successive additions of 
hydrochloric acid until all the nitric is expelled. Then pass chlorine through 
the solution and evaporate to a syrup to decompose the excess hydrochloric 
acid. Filter and ignite and weigh and correct for the amount not dissolved. 
Make up the solution with distilled water so that 10 ml. contains 1 gram of 
platinum. 

Feldspar, Kaolin and China Clay. — These are the chief sources of alumina 
in gla.ss batches and their frequent examination is to be encouraged. They all 
contain silica, iron and alumina but in different proportions. Kaolin and 
China clays are examined for moi.sture whereas feldspar usually is not. There- 
fore the same methods of analysis may be carried out for these three materials. 

Not more than 0.5 gram sample should be weighed out. (This is done 
because the alumina precipitate is so voluminous that if larger samples are 
taken the precipitate is too bulky to handle well and losses may occur.) This 
is mixed thoroughly with about four grams of sodium potassium carbonate in a 
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platinum crucible and fused. Digest the fusion in dilute hydrochloric acid 
and distilled water. Then transfer to a porcelain evaporating dish and evapo- 
rate to dryness and bake for about half an hour. Take it up with hot distilled 
water and dilute hydrochloric acid and filter. Wash the residue with hot water 
until entirely free from chlorides. Preserve the residue. Make a second dehy- 
dration on the filtrate and digest as above, filtering and washing. Combine 
the residues from the two filtrations and ignite them slowly at first in a clean 
platinum crucible. When the residue is snow white and to constant weight, cool 
and weigh. Then moisten the residue with dilute sulfuric acid and make the 
crucible thihe quarters full of hydrofluoric acid and evaporate to dryness. 
(Sometimes it may be necessary to make a second hydrofluoric evaporation.) 
Ignite, cool and weigh and report the loss in weight as silica. The residue 
remaining in the crucible may be fused with potassium bisulfate or sodium potas- 
sium carbonate and the fusion added to the filtrate remaining from the silica. 

To this solution then cautiously add ammonium hydroxide until it is just 
alkaline and a dense voluminous precipitate comes down. Transfer the beaker 
to a flame and boil the solution for a few minutes. Allow the precipitate to 
settle and then filter and wash with hot distilled water. Preserve the filtrate. 
After the residue is thoroughly washed, place a clean beaker under the funnel 
and pierce a hole in the paper and wash the residue through with hot water 
and dilute hydrochloric acid. Be sure to wash the paper thoroughly because 
any residue remaining and lost will make the results inaccurate. The residue 
will be dissolved in dilute hydrochloric acid and re precipitated with ammonium 
hydroxide, boiled, filtered and washed as described above. The residue is then 
ignited in a tared platinum crucible, cooled and weighed and reported as (R2O3), 
Al 203 -Fe 203 . This residue should then be fused with potassium bisulfate or 
sodium potassium carbonate and the fusion taken up with dilute sulfuric acid. 
The iron may then be reduced by a choice of methods and titrated with a stand- 
ard solution of potassium permanganate. The filtrate from the second pre- 
cipitation of alumina should be combined with the main solution. 

The solution is then brought to boiling and, while hot, add about 20 ml. of a 
saturated ammonium oxalate solution and stir constantly. Then add a few 
ml. of ammonium hydroxide. Allow the precipitate to settle for several hours 
and then filter. Wash well with a 2% solution of ammonia water. Ignite the 
residue at full blast, in a tared platinum crucible, until the weight is constant. 
Cool and weigh as calcium oxide and report it as such. 

Concentrate the filtrate by boiling and while hot add a few ml. of micro- 
cosmic salt solution and then ammonium hydroxide. Stir vigorously and 
constantly. Allow the precipitate to settle for several hours and then filter. 
Dry the residue and paper before igniting. Then ignite in a tared platinum 
crucible, cool and weigh as magnesium pyrophosphate. Calculate the per- 
centage of MgO by using the factor 0.362. 

If the alkalies in feldspar are desired by other than the difference method, 
a separate sample may he used and the alkali determined as previously de- 
scribed. 

For moisture in kaolins and clays a five gram sample is weighed out and 
placed in a tared porcelain dish and transferred to a hot plate or oven and 
heated to about 110"* C. for several hours or over night. The loss in weight is 
reported as moisture. 
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Barium Carbonate. — Weigh out a ofte gram sample and dissolve it com- 
pletely in hydrochloric acid. When dissolved, transfer the solution to a 
porcelain evaporating dish and evaporate to dryness on a hot plate at 110® C. 
This residue is then taken up in hot dilute hydrochloric acid and filtered and 
washed with hot water until free from chlorides. Ignite in a previously ignited 
and weighed platinum crucible, cool and weigh. This residue is then 
moistened wdth dilute sulfuric acid and then the crucible is half filled with 
hydrofluoric acid and evaporated and ignited, cooled and weighed. The loss in 
weight is reported as silica. If any residue remains, it is fused with sodium 
potassium carbonate and added to the main solution. * 

Separation of Iron and Alumina . — A small amount of ammonium chloride 
is added to the solution and precipitation of iron and alumina is effected by 
ammonium hydroxide in the usual way. After ignition and weighing, the residue 
is fused in sodium potassium carbonate and the iron reduced and titrated 
with a standard solution of potassium permanganate in the usual way. Re- 
duction of iron may be accomplished in various ways described in the Chapter 
on Iron, Voh I. 

Separation of Barium from Strontium and Calcium . — Evaporate the filtrate 
nearly to dryness. Take up with about 300 ml. of distilled water and add 5 
or 6 drops of acetic acid with enough ammonium acetate to neutralize any free 
mineral acid present. Heat the solution and add an excess of ammonium 
chromate. Allow the barium chromate precipitate to settle for an hour or more, 
filter on a w^eighed Gooch crucible and wash with water containing ammonium 
chromate until free from strontium and calcium. Then wash with distilled 
water until free from ammonium chromate. Dry the precipitate at 110° C. 
and ignite gently and finally to a dull red heat. Cool and weigh as barium 
chromate. Calculate to barium carbonate by using the factor 0.7786. 

Separation of Strontium and Calcium . — To the filtrate from the barium solu- 
tion add about one ml. of nitric acid. Heat the solution and make it alkaline 
with ammonia followed by ammonium carbonate. Strontium carbonate and 
calcium carbonate will be precipitated. Dissolve the carbonates in hydrochloric 
acid and reprecipitate from a hot solution with ammonia and ammonium 
carbonate. Filter. Wash w’ith hot water. Dissolve the precipitate in the 
least amount of nitric acid and wash into an evaporating dish. Evaporate to 
dryness and heat for about an hour at 160® C. Pulverize this mass and mix 
with a few ml. of ether-alcohol solution. Make several extractions in this way 
and decant into a flask. The residue is again dried, pulverized and washed 
into the flask with ether-alcohol solution. Digest with shaking. Wash the 
residue onto a filter previously moistened with ether-alcohol solution. Stron- 
tium nitrate remains, which is dissolved in water. To this water solution add 
dilute sulfuric acid in slight excess and then an equal volume of alcohol. Allow 
the precipitate to settle for several hours. Filter on a previously ignited and 
weighed Gooch crucible and wash several times with a 50% alcohol solution. 
Dry thoroughly and weigh as strontium sulfate. Compute the sulfate to 
carbonate by using the factor 0.803. ' 

Determination of Calcium . — Calcium remaining in solution is estimated by 
making the solution slightly ammoniacal, heating and adding ammonium 
oxalate with vigorous stirring. Allow the precipitate to settle and then filter 
and wash with a very dilute ammonia solution. Ignite slowly at first, and 
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finally at full blast. Cool and weigh a« calcium oxide. Compute to calcium 
carbonate by the factor 1.7847. 

Determination of Magnesium —The magnesium is determined in the filtrate 
from the calcium. Boil off the ammonia and, while the solution is still hot, 
add a slight excess of microcosmic salt with constant stirring. Then make the 
solution alkaline with ammonia and stir. Allow the precipitate to settle over 
night and filter and wash with a dilute ammonia solution. Dry the residue 
before igniting. Ignite in a previously ignited and weighed platinum crucible 
until white. Cool and weigh as magnesium pyrophosphate. Calculate to mag- 
nesium carbdnate by using the factor 0.75719. 

If only the barium content is desired, a short method may be used. After 
the silica is removed, the filtrate is treated with sulfuric acid, added a drop 
at a time, and stirred vigorously. The precipitate is allowed to settle and then 
filtered on a Gooch crucible which has been ignited and weighed. Wash with 
water containing a few drops of sulfuric acid and finally with hot water. Ignite 
gently at first and finally at a red heat. Cool and weigh as barium sulfate 
and compute to barium carbonate by using the factor 0.8455. 

Any residue remaining after the hydrofluoric evaporation of silica is calcu- 
lated as barium sulfate and computed to barium carbonate. 

Lime. — Weigh out 0.5 gram sample into a beaker. Cover it with 10 ml. 
of distilled water and then 10 ml. of hydrochloric acid and heat until clear. 
Filter and wash several times. Transfer the filter paper to a clean platinum 
crucible and ignite. Then add about 1 gram of sodium potassium carbonate 
and fuse. Take up the fusion in dilute hydrochloric acid and add it to the 
main solution which is then transferred to an evaporating dish and evaporated 
to dryness. Take up the residue with dilute hydrochloric acid and heat and 
filter. Wash with hot water until free from chlorides. Preserve the residue 
and perform a second dehydration as above. Filter and wash and add this 
residue to that of the first dehydration and ignite in a previously ignited and 
weighed platinum crucible. Cool and weigh as silica. Correction need not 
be made on the silica. 

To the filtrate from the silica add a small piece of litmus paper and add 
ammonium hydroxide until it is just alkaline. Heat to boiling and filter. 
Wash the residue with hot water until free from chlorides. Ignite the residue 
in a tared platinum crucible. Cool and weigh as (R2O3) the combined 
oxides of iron and alumina. This residue is fused in sodium potassium carbon- 
ate or potassium bisulfate, dissolved and the iron reduced and titrated according 
to the method given in the Chapter on Iron, Vol. I. 

The filtrate from the iron and alumina precipitation is heated to boiling 
and about 20 ml. of a saturated solution of ammonium oxalate is added with 
vigorous stirring. Allow the precipitate to settle and then filter and wash with 
hot water. Transfer the precipitate and filter paper to the original beaker and 
dissolve it in 10 ml. of sulfuric acid and 40 ml. of distilled water. Heat this 
solution to 70® C. and titrate it with a standard solution of potassium per- 
inanganate. Compute the results to calcium oxide. 

The filtrate from the calcium is concentrated by boiling. To the hot solu- 
tion is added a solution of microcosmic salt with constant stirring. It is then 
made strongly alkaline with ammonium hydroxide. Allow the precipitate to 
settle for several hours and then filter and wash with a 5% ammonia solution. 
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Dry the precipitate and paper and, when dry, separate them and ignite sepa- 
rately. If there is considerable residue, it is advisable to ignite in a porcelain 
crucible. The residues are cooled and weighed, their weights combined and 
computed to magnesium oxide. 

If it is desired to determine the strontium present, refer to the method 
outlined under the examination of Barium Carbonate. 


ANALYSIS OF PRINTING INKS 

1. Separation of Oil and Pigment. — Readily effected by mixture of 3 parts 
ether, 1 part benzene. About 50 g. of ink (avoiding the hard surface film) 
is placed in a weighed glass tumbler of about 300 ml. capacity, a small amount of 
solvent added, and the whole stirred thoroughly until a homogeneous mixture 
is obtained. The glass is then filled with the solvent to about ^ in. of top, 
and the whole again stirred. It is next placed in the metal cup of the centrifug- 
ing machine, and the space between the glass and metal cups filled with water 
in order to equalize the pressure of the liquid inside the glass. Placing a rubber 
disk at the bottom of the metal cup has been found to lessen materially the 
danger of breakage. The metal cup and contents are then counter-balanced, 
most conveniently by either a second sample of the same ink or another sample 
of ink, and then both arc placed in the machine. For web-press and flat-bed 
inks 2000 r.p.m. for 10 minutes is sufficient. Where carbon black has been 
used, it has frequently been necessary to run the machine at 2600 to 2800 r.p.m. 
for 20 or 30 minutes. The clear liquid is decanted through a pleated filter into 
a glass bottle, a further quantity of solvent added, and the process repeated. 
Usually three treatments suffice to give practically complete separation. The 
glass and contents are dried at about 90“ C. and on cooling, reweighed. The 
increase in weight is the pigment, which is calculated to percentage. The 
amount of pigment on filter paper should be negligible if centrifuging has been 
efficient. 

2. Analysis of the Oil. — May contain linseed oil, hard gums, rosin, rosin oil, 
mineral oils, and bituminous substances. The last mentioned, when present, 
must be judged largely by their color. Sufficient of the solution from the separa- 
tion of the oil and pigment to leave a residue of about 5 g. is evaporated in 
a weighed beaker; 50 ml. of normal alcoholic potash is added, the beaker 
covered with a watch glassy and heated on a steam bath for several hours, stirring 
frequently to assist saponification. When the latter is complete, the watch 
glass is removed and the alcohol distilled off. The residue is transferred to a 
separatory funnel with successive portions of water, using in all about 100 ml., 
and extracted with petroleum ether until no further oil is obtainable. Four 
extractions are usually sufficient. The petroleum ether fractions are united in 

By J. B. Tuttle and W. H. Smith. Tech. Paper No. 39, U. S. Bur. of Standards. 
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another funnel, washed with water until' the wash water gives no further alkaline 
reaction, filtered into a weighed beaker, the petroleum ether distilled off, and 
the residue dried at 95® C., cooled, and weighed. If this unsaponifiable matter 
is over 2 %, it indicates the presence of something else than linseed oil and hard 
gums. The wash water from the first two washings should be united with the 
water layer in the first separatory funnel. This unsaponifiable matter is 
tested for rosin oil by heating a small portion of the oil with 10 ml. of acetic 
anhydride, allowing it to cool, and adding a drop of H 2 SO 4 , sp.gr, 1.63. A violet 
coloration indicates rosin oil. 

If the test for rosin is positive, the alkaline water solution which has been 
extracted with petroleum ether is made acid with HCl (there is usually sufficient 
dye present; from the ink to act as indicator), and the fatty acids which are thus 
liberated are extracted with successive portions of ethyl ether. These extracts 
are united, washed free from acid and salts, and evaporated in a small beaker. 

A quantitative determination of the rosin may be made as follows: The fatty 
acids are dissolved in 20 ml. of 95% alcohol, a drop of phenolphthalein is added, 
and then strong caustic soda (1-NaOlI, 2 -II 2 O) until the reaction is just alkaline. 
The solution is heated for a few minutes, allowed to cool, and then transferred 
to a 100-ml. stoppered graduated cylinder. The latter is filled to the 100 ml. 
mark with ether, 2 g. of powdered silver nitrate crystals is added, and the 
mixture shaken vigorously for 15 minutes. When the insoluble salts have 
settled, 50 ml. of clear solution (containing the silver salts of rosin) is pipetted 
off into a second lOO-ml. cylinder, and shaken with 20 ml. dilute HCl (one acid 
to two water) . The ethereal layer is drawn off, and the aqueous layer is shaken 
twice with ether. The ether extracts are united, washed with water, and the 
etlier distilled off in a weighed beaker. The residue (rosin) is dried at 100® to 
115° C., cooled, and weighed. The results arc calculated on basis of the original 
weight of oil. 

3. Analysis of the Pigment, (a) Black Inks, — Ignite, at the lowest posvsible 
temperature, a weighed quantity in a porcelain crucible (presence of Pb 
prohibits Pt), the loss on ignition represents lampblack, the carbon of bone- 
black (should there be any present) , aniline dyes, and undissolved oils or gums. 
Prussian blue is decomposed by heat, part of it being volatilized, the iron remain- 
ing as iron oxide. The residue from the ignition contains any added mineral 
matter of the pigment, lead or manganese from the driers, iron oxide from the 
Prussian blue, or iron oxide added as such (the so-called magnetic pigment), 
calcium phosphate if boneblack is present, and alkali or calcium carbonates 
from the soaps present. The ash is analyzed quantitatively for insoluble 
matter, Pb, Fe, Mn and Ca. One quarter gram of the ash is heated to dull 
redness in a porcelain crucible for a few minutes, cooled in a desiccator, and 
Weighed. This is transferred to a 250-ml. beaker, using cone. HCl to dissolve 
any material that may stick to the crucible. About 25 ml. of cone. HCl is 
added, the beaker covered with a w^atchglass, and after heating until as much 
as will go in solution is dissolved, the cover is removed and the solution evapo- 
rated to dryness. The residue is moistened with a few drops of concentrated 
HCl, 50 to 75 ml. of boiling water added, and the solution is filtered, washing 
thoroughly with hot water. The filter paper and residue arc ignited and 
weighed, and the product is called “ insoluble matter.” 

Fifty ml. of 10% H2S04 is added to the filtrate from the previous determi- 
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nation and evaporated down until the solution fumes strongly. This is cooled, 
diluted carefully with about 100 to 150 ml. of water, and heated on the steam 
bath until any basic ferric sulfate which sometimes separates is redissolved. 
The precipitate containing the lead sulfate is now filtered off. It is dissolved 
in ammonium citrate or acetate, filtered from any insoluble matter, the filtrate 
made strongly acid with H 2 S 04 and the precipitated lead sulfate filtered off 
on a Gooch crucible, ignited, and weighed. The insoluble matter from the 
ammonium acetate solution should be examined for Ca and Ba. 

Another method for the determination of the lead is to neutralize almost all 
the acid present with sodium carbonate, saturate the solution \^ith hydrogen 
sulfide, filter off the precipitated lead sulfide, dissolve it in fairly strong nitric 
acid, and determine the lead as sulfate by the addition of sulfuric acid as above. 
In this case, solution in ammonium acetate is omitted. The former method 
is of advantage where qualitative tests show that there is very little manganese 
present, and it is desired to determine only the iron. The iron is reduced to 
the ferrous condition by passing the solution through a Jones reductor, and the 
ferrous sulfate titrated with a standard solution of KMn 04 , which has been 
standardized with sodium oxalate. 

Iron is separated from manganese and other metals which may be present 
by precipitation with ammonia, the precipitate being filtered off, dissolved in 
HCl, reprecipitated wdth ammonia, and again filtered. It is now dissolved in 
HCl, sulfuric acid added, and evaporated down untU all the HCl is removed; 
the solution is diluted and the iron determined as before. Before the addition 
of the ammonia, if HgS has been used, the solution should be boiled until it is 
removed, and nitric acid added to oxidize the iron to the ferric condition. 
HzS is DOW passed into the ammoniacal solution from the iron precipitation. 
This is allowed to stand over night, and the precipitate, if there is any, is 
examined for manganese. Should there be much manganese, the sulfide can 
be filtered off, and the quantitative determination made by conversion into 
the pyrophosphate. 

If it is desired to determine the calcium, this can be done after the filtration 
from the ammonium sulfide. (If phosphates are present — as, for instance, 
if boneblack is present — a basic acetate separation is required.) In either case 
the lead should be separated by H 2 S. The filtrate from the manganese sulfide 
is heated on the steam bath until the H 2 S is removed, ammonia and ammonium 
oxalate are added, and the precipitated Ca oxalate is determined either as oxide 
or sulfate. 

The percentage of ash will be of great assistance in determining the nature 
of the pigment. Black oxide of iron is only slightly changed on heating, being 
completely oxidized to ferric oxide. Boneblack is composed largely of calcium 
phosphate, yielding the greater part of its weight as ash. The presence of 
any large amount of phosphoric acid will be sufficient evidence that boneblack 
has been used. 

Prussian blue should be tested for qualitatively in the dry pigment. For 
this purpose I g. of pigment is moistened with 2 or 3 ml. of normal alcoholic 
potash, heated on the steam bath until the alcohol is removed, 5 ml. of water 
added, and the insoluble matter filtered off. The filtrate is made acid with 
HCl, and filtered again if necessary. When ferric chloride is added, a blue 
precipitate will be obtained if Prussian blue is present. If blue dye obscures 
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the reaction, the solution is again made alkaline and filtered, made acid with 
HCl as before, and copper sulfate added. The precipitate is filtered and washed 
thoroughly. In this case we will have reddish-brown copper ferrocyanide. 
It is advisable, in case of doubt, to add a small amount of Prussian blue to the 
pigment, and make a check test. In the absence of black oxide of iron we may 
assume that all of the iron in the filtrate is due to the Prussian blue. The 
percentage of FesOa in the ash, multiplied by the percentage of ash in the pig- 
ment, multiplied by the factor 1.53, will give, roughly, the amount of Prussian 
blue present. The factor 1.53 is obtained by the ratio Fe 7 (CN)i 8 to FejOa. 
An approximate determination of the dyes can be made by extracting with 
alcohol. When the presence of oxide iron is suspected, 1 g. of pigment is 
wrapped in filter paper and the dye extracted with alcohol. When all of. the 
dye has been extracted, the paper and contents are dried and the nitrogen is 
determined in the residue by the Kjeldahl method. From the nitrogen thus 
determined the Prussian blue is calculated, using the factor 3.41. The FesOj 
present in this amount of Prussian blue is deducted from the total Fe208 found 
in the ash. The remainder will be the percentage of iron from the magnetic 
oxide. The formula of the latter is theoretically Fe 304 , and proper calculation 
should be made. 

(b) Blue Inks . — A weighed quantity of pigment is ignited as under black 
pigments. The ash is analyzed same as before, determining only lead, man- 
ganese, and iron if the qualitative tests show that Prussian blue is present. The 
lead and manganese are reported as metallic driers, the iron is calculated to 
Prussian blue, and the remainder reported as mineral filler. The presence of 
ultramarine will be shown by the blue color of the ash. In this case the ash 
is reported after deducting the Pb-f-Mn. Dyes are determined by alcohol 
extraction. 

(c) Red Inks. — Vermillion (mercuric sulfide) is readily detected by taking 
a small quantity of pigment, covering it with 4 or 5 ml. aqua regia, and heating 
gently. This is diluted with five volumes of w^ater, filtered, and staniious chlo- 
ride added to the filtrate; a grayish precipitate of mercury will be formed if 
even a very small amount is present. 

Quantitative method : Dissolve the mercuric sulfide in aqua regia, and after 
nearly neutralizing the diluted solution to precipitate the mercuric sulfide with 
H 2 S, weigh the precipitate on a Gooch crucible, observing all the precautions to 
eliminate sulfur which separates during the precipitation. 

The following procedure has also been found of value: One g. of the pigment 
is treated with a slight excess of ammonium sulfide. Sodium hydroxide is then 
added, while stirring. The beaker is placed upon the steam bath, adding more 
alkali if necessary, until all the mercuric sulfide has passed into solution. An 
excess of alkali should be avoided. The solution is allowed to cool, filtered, 
and the residue washed thoroughly. To the filtrate sufficient ammonium ni- 
trate to reprecipitate the mercuric sulfide is added, and it is then boiled to 
expel ammonia. The precipitate is allowed to settle, and the supernatant 
liquid decanted through a weighed Gooch crucible. The residual mercuric 
sulfide is boiled with a little sodium sulfide solution to remove free sulfur, and is 
then transferred to the crucible where it is washed with hot water, until it no 
longer reacts with silver nitrate solution. It is dried at 110° and weighed. The 
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pigment is ignited, and the ash analyzed for lead and manganese. The rest 
of the ash is reported as mineral filler. 

(d) Green Inks . — The coloring matter may be chrome green, green lake, or 
dye. Some of the darker shades are obtained by the addition of lampblack. 
The ash of the pigment is determined as usual. Part of this ash is taken and 
tested qualitatively for chromium. If present, the ash should be tested for 
the following substances: PbCr04, PbS04, PbO, BaS04, CaS04, Fe203, and 
Mn304. For the determination of sulfur, 0.250 g, of the ash and 5 g. of a 
mixture of equal parts of potassium nitrate and sodium carbonate are fused 
in a porcelain crucible over a sulfur-free flame. The cooled is extracted 
with hot water and filtered. The filtrate is acidified with HCl, heated to 
boiling, and 10 ml. 10% barium chloride added. After standing over night, 
the precipitated barium sulfate is filtered off, ignited, and weighed- The 
solution should be sufficiently acid to prevent any significant contamination 
of the barium sulfate with barium chromate. 

For the determination of barium, the insoluble matter is dissolved in HCl, 
the solution made nearly neutral with sodium carbonate, and HsS is passed 
into the solution until all the lead is precipitated. The lead sulfide is filtered 
off, the filtrate heated to boiling, and 10 ml. of 10% H2SO4 added. The barium 
sulfate is treated as directed under the determination of sulfur. 

A fresh portion of ash is mixed with sodium peroxide and fused in a nickel 
crucible. The cooled melt is dissolved in hot water and filtered. Carbon 
dioxide is passed into the filtrate, and the latter heated again on the steam 
bath in order to precipitate any lead which may be held up by the caustic 
alkali. Any insoluble matter which may separate is filtered off. The filtrate 
is made strongly acid with HCl, KI added, and the liberated iodine titrated 
with a standard Na2S203 solution. From the amount of thiosulfate used the 
amount of CrOs present is calculated. 

The two precipitates from the previous determination are combined and 
used for the determination of Pb, Fe, Mn, and Ca. They are dissolved off the 
filter paper with HCl, the solution is nearly neutralized with sodium carbonate, 
and H2S passed into the solution. The precipitated lead sulfide is filtered off, 
dissolved in nitric acid, and determined as sulfate, as directed under black 
pigments. 

The filtrate from the lead sulfide is heated until all the H2S is boiled off. 
If any sulfur separates, it is filtered off. Two or three rnl. of nitric acid is 
added and the solution again heated. It is then made alkaline with ammonia 
and filtered. The precipitate is dissolved in HCl and reprecipitated with 
ammonia, the precipitate again filtered off and the filtrate united with that 
from the first precipitation. This solution is reserved for the determination 
of manganese. The second precipitate of iron is dissolved in HCl, converted 
into the sulfate, and the iron determined as under black pigments. 

The united filtrates from the iron precipitation are saturated with H2S, 
allowed to stand over night, and then filtered. If there be a sufficient amount 
of manganese present, it can be determined quantitatively as pyrophosphate; 
otherwise qualitative identification will be sufficient. 

It is safe to assume that all chromium was present originally as lead chro- 
mate, and it should be so calculated. The iron oxide should be calculated to 
Prussian blue, provided there is a positive qualitative test. Any barium present 
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should be calculated to sulfate; if there is any question as to its being originally 
present as carbonate, the ash of the pigment is treated with very dilute HCl, 
the solution filtered and the filtrate tested for barium. Barytes is difficultly 
soluble in cold dilute HCL In the absence of barytes the sulfur present is 
calculated to lead sulfate. The excess of lead over that required for the lead 
chromate and sulfate may be considered as drier. China clay may be present 
either as an added part of the chrome green, or as the base of a green lake. In 
such cases, the undetermined portion of the ash should be reported as mineral 
filler. Green dyes are determined by extraction as usual. In the absence of 
chrome greed the pigment is ashed, and the ash analysed for lead and man- 
ganese only, the balance being reported as mineral fillers. If lampblack has 
been used to produce a dark shade of green, it can be tested qualitatively by 
taking a small portion of the pigment, treating it with strong alkali, and 
filtering through a Gooch crucible, washing first with hot water, and finally 
with moderately concentrated HCL Lampblack will show a black residue, 
which will disappear on ignition. It is generally classed with the volatile 
constituents, which are then reported as aniline dye, lampblack, undissolved 
oil, etc. 

The analytical methods included the essential constituents of inks: the 
determination of iron, tannic acid, gallic acid, total solids, ash, acidity, etc. 
The specific gravity of the ink wdll indicate the amount of dissolved material 
present. F. F. Rupert, in a paper on the examination of writing inks (J. Ind. 
Eng. Chem., 15, 489, 1923), emphasizes the importance of the physical tests 
of color, permanence, stability and noiicorrosiveness. The following tests 
arc suggested. 

Streak Tests. — A sheet of a good quality of bond paper placed on a pane 
of glass and held by clamps serves for taking the streak. The streak is made 
by a pipette 25 cm. long, 3.5 mm. in diameter with a file mark 62 mm. from 
the tip. Ink filled to the mark (0.6 ml.) is tested by drawdng the pipette over 
the surface of the paper, at the same time allowing the ink to flow. 

Penetration and Fluidity. — The ink should penetrate into the fibres of the 
paper but should not pass through. A normal ink will give an oval head 
(where the streak begins) and the width of the line will be uniform. A poor 
ink gives a wdde head and the streak narrows rapidly. Stickiness should be 
observed. 

Temporary Color.- — The mark should be dark enough to be easily seen. 
A speckled appearance indicates that the ink contains a dye which is not in 
solution. 

Permanent Color. — The streak is exposed to diffused light for 7 days in 
an atmosphere free from chemical fumes and dust. A comparison is made 
with a standard ink. The paper is now cut into crosswise strips 1 inch in 
diameter. The top and bottom strips are set aside as blanks. 

Exposure to Light. — Strips containing the streaks are exposed to sunlight 
or ultra violet rays for a period 48 hours to two weeks or longer and the ink 
thus exposed compared with the blanks. 

Exposure to Weather. — The exposed sample is inspected weekly. 

Exposure to Water and Reagents. — Tests in water, in dilute ammonia 
(1 : 10), HCl 2% solution, bleaching pow'der or sodium hypochlorite of 0.005 
N available CL 
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Stability. — Note sediment in original. Filter two portions, one into a 
bottle which is later stoppered, the other portion into an oj>ea bottle covered 
by a piece of paper. Filter each after a period of a week or more and note 
sediment on filter paper. 

Corrosion. — The effect of the ink on steel pens, immersed in the ink for a 
period of time, at least one week. The pens are weighed before and after the 
test. 

Comparison and Rating. — The system is subordinated to the knowledge of 
the purpose for which the ink is to be used. For further details the reader is 
directed to the article by Rupert. 


DETERMINATION OF PEROXIDES 


DETERMINATION OF HYDROGEN PEROXIDE. 
KINGZETT’S IODIDE METHOD « 

The method depends upon the reaction — 

H20o-h2KH-HoS0* = Ld-K2S04+2H20. 

Procedure. — Approximately 2 grams of potassium iodide are dissolved in 
200 ml. of water, conveniently in an Erlenmeyer flask, and 30 ml. of dilute 
sulfuric acid (1:2) are added. Three good drops of N Ammonium Molybdate 
are added to catalyze the reaction. Ten ml. of hydrogen peroxide solution (the 
sample having been diluted to contain approximately 0.6% by weight of 
H 2 O 2 ) are run in from a burette, agitating the mixture during the addition. 
After standing five minutes, the liberated iodine is titrated with N/10 thio- 
sulfate. 

1 ml. N/10 NasSnOs -0.001701 gram H 2 O 2 . 


DETERMINATION OF HYDROGEN PEROXIDE BY THE ARSENIOUS 
ACID METHOD OF JAMIESON » 

The method is based on the reactions — 


and 


A8j03“}"2H202 — AS2054"2H20 

As203-hKI03-h2HCl = Asi05+ICl+KCl-hH20. 


Procedure. — A measured quantity of N/5 solution of As20a, which must be 
in excess of that required by the peroxide taken for analysis, is placed in a 
500 ml. glass stopj^ered bottle, and 10 ml, of 10% NaOH added, foUowed by a 


n Selections by W. W. Scott. 

» J. Chem. Soc., 1880, 702. 

» Am. Jour. Sci., 44, 150-2 (1917). 
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measured volume of the peroxide from a burette (15-20 ml. of the solution 
made by diluting 60 ml. of the commercial peroxide to 500 ml.) with gentle 
agitation of the contents of the bottle. After standing two minutes, 40 ml. of 
concentrated HCl are added and the stopper inserted in the bottle. The 
contents of the bottle are shaken violently, holding the stopper in place. The 
stopper is now cautiously released and the confined gas allowed to escape. 
Six to seven ml. of chloroform are added and the unoxidized AS2O3 is titrated 
with N/5 KIO3 solution, shaking the closed bottle after each addition, until 
the iodine color in the chloroform has disappeared. 

The ml. AS2O3 solution used minus the ml. equivalent of KIO3 gives the ml. 
of arsenous acid required by the hydrogen peroxide. 

1 ml. N/5 AS2O3 = 0.0034016 gram H2O2. 

This method is not influenced by the presence of organic preservatives as 
is the permanganate method which follows. 

PERMANGANATE METHOD FOR DETERMINATION OF 
HYDROGEN PEROXIDE 

The procedure depends upon the reaction — 

5H202+2KMn04-f4H2S04=2KHS04+2MnS04+502+8H20. 

Procedure. — Fifty ml. of the commercial peroxide are diluted to 500 ml. 
10 ml. of this diluted solution are taken for the test. This sample is further 
diluted to 400 ml, in a beaker, 10 ml. of dilute sulfuric acid (1:4) are added 
and the mixture titrated with N/10 KMn04 reagent to a pink coloration. 

Should the first drop or two of permanganate cause a pink color it indicates 
that an insuflScient quantity of sulfuric acid is present and an additional 
amount should be added. 

1 ml. N/10 KMn04 = 0.001701 gram H2O2. 

Notes. — If it is required to report the number of volumes of oxygen liberated by 
one volume of the peroxide “per cent per volume,” multiply the per cent we^ht of 
Ha02 by 112 and divide the result by 34. 

Since H2O2 decomposed to H204-0, one gram molecule of peroxide sets free one 
gram atom of oxygen, equivalent to 11,200 ml. Therefore 100 grama commercial 
Hs 02= %H20aX U|200 divided by 34, and 1 gram = 1/100 of this. 


COMPLETE ANALYSIS OF SODIUM SULFIDE 

Sodium Sulfide. — Commercial sodium sulfide is marketed in three forms: 
Fused solid, flaked solid, and crystals. For manufacturing, control analyses 
^ay also be called for on various liquors. The same general methods can be 
used in these cases by suitably adjusting the sample and aliquot sizes. 

By courtesy of The Dow Chemical Co., Midland, Michigan. 
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Note 1. — The following handling of sample may be used conveniently in many cases, 
particularly with moist material: Weigh a large sample, say 50 or 100 grams accurately, 
dissolve, and make to 500 or 1000 ml. volume. The “water insoluble” should be run 
on separately weighed samples as indicated, the filtrate being discarded. The water 
insoluble material should be allowed to settle, on the large made up sample, and an 
aliquot giving 10-12 g. made to 500 ml. for the sulfides, sulfite, etc., proceeding as out- 
lined. Suitable aliquots taken from the strong made-up solution can then be taken for 
the NaaCOa and NaCl determinations. 

Water Insoluble. — Weigh accurately 10 to 12 grams of the 60% sulfide, or 
estimate an equivalent amount of other sulfide materials; transfer to a stop- 
pered flask, and dissolve in approximately 150 tnl. of water and stand for several 
hours or overnight in a warm place, as on a radiator or top of an oven. If 
necessary to proceed without much delay, warm to about 70° C., stand an hour, 
and filter through a 30-ml. tared Gooch crucible. A fairly thick pad must be 
used. The filtrate obtained should be clear. Wash with water, and dry at 
100° C. Weigh the insoluble residue. 


Grams gain X 100 
Sample weight 


= % HaO Insoluble. 


Make the filtrate to 500 ml. volume for the analysis. 

FeS. — This is included with the water insoluble material, Fe being present 
as FeS. When Fe is called for, the following method may be used: 

Weigh about 10 grams, dissolve in lOO ml. of water, add 50 ml. concentrated 
HCl and boil off HsS. Add a few ml. of HNO^ and then bromine-potassium 
bromide solution to clear from sulfur and to oxidize the iron. Boil off bromine, 
make alkaline with NH^OH, filter, wash and ignite. 


Grains Fe203XllO 
Grams sample 


FeS. 


In case AI2O3 is present, the precipitate (R2O3) should be fused with KHSO4, 
dissolved, reduced, and titrated with KMnO^. 

Ordinarily these determinations are not called for unless the water insoluble 
runs extremely high. 

Use 25.00 ml. aliquots of the 500 ml. solution for all the subsequent deter- 
minations, unless other aliquots or separately weighed samples are called for. 

A. Total I2 Titration. — Add a known excess (100 ml.) of N/ 10 1 2 to a 250-ml. 
beaker, acidify with 15 ml. N/1 HCl, then pipette in an aliquot of the sample 
slowly, while stirring. Titrate back with N/10 Na2S203 solution, using one ml. 
of starch solution at the end after the iodine color is visibly faded. Add a few 
drops of methyl red indicator to make sure the solution is acid at the finish. 
If not, double the amount of N/1 HCl called for, and repeat. 1 2 minus Na2S203 
= A. This is Na2S plus NaHS plus Na2S203 plus NaaSOa. 

Note 2. — Methyl red indicator used here is made by heating a small amount of the 
dye with water almost to a boil. From one to five ml. of the cool settled solution may 
be used. 

Note 3. — Starch solution used here is made by mixing 5 g. soluble starch with 10 ml. 
of water, adding 20-30 ml. N/1 NaOH to clear, titrating to phenolphthalein neutral 
point with N/1 HCl, and diluting to 500 mJ. 
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B. Sulfides. — Place 10 to 12 ml. of ammoniacal zinc chloride reagent into 
250-ml. beakers and pipette in aliquots. Mix by swirling and add enough water 
to thin out the precipitate. Filter off the ZnS and wash well with warm water. 
Place a known excess of N/10 I 2 (100 ml.) into the original beakers. Acidify 
the iodine solution with a few ml. of 1:1 HCl, and transfer the precipitate 
to the beaker over the edge of the funnel. This can be done very completely, 
and without difficulty. Then puncture the tip of the paper, and wash the paper 
for small amounts of adhering precipitate with warm dilute HCl. The paper 
should be left on the funnel and the acid wash collected in the original beaker. 
This should *bc kept well stirred and small additions of HCl made till the reac- 
tion is complete. Titrate the excess I 2 with ]S[a 2 S 203 as above. Net l 2 = B. 

This is Na 2 S plus NaHS. 

Save the filtrates and washings from the ZnS ppt. for C and D, Any 
turbidity noted, especially on the top is not due to sulfur or zinc sulfide, but to 
zinc hydrate. At this point no harm is done by this occurrence. The N/1 
ammoniacal zinc chloride will be hydrolyzed on diluting sufficiently. 

Note 4. — Ammoniacal zinc chloride reagent. Dissolve 41 g. of c.p. zinc oxide in 
HCl. The HCl should be in just enough excess to readily dissolve the oxide while being 
added slowly with stirring. Then add NIDOII slowly to make approximately neutral, 
add 200 ml. of water, 150 ml, of concentrated. NH4OH, and 65 g. of NH4CI. Make to one 
liter. This is roughly a normal solution. Use to precipitate sulfides by adding a slight 
excess, testing the filtrate with more reagent to he certain that precipitation is complete; 
with an iodine titration of 80 to 95 ml. , 10 ml. of the reagent w^ould be sufficient. It should 
not be diluted before use, as Zn(OH)2 will precipitate. During an analytical opera- 
tion this precipitate should not be confused with ZnS. The hydrate will appear during 
the neutralization, especially if much of the reagent was not used up as a precipitant. 

Cadmium chloride reagent may be used by those who are more familiar with its use. 

C and D, Thiosulfate and Sulfite.- — Make the above mentioned filtrates 
neutral to methyl red using first N/1 HCl and then N/10 near the end. Dis- 
regard the formation of Zn(OH) 2 , continuing the titration to the pink end- 
point. Then add 1 ml, of starch indicator and titrate one of the two filtrates 
with N/10 I 2 . Call the ml. used C. This equals Na2C20s plus Na 2 S 03 . 
To the other filtrate add 5 ml. of 10% BaClo and filter onto a wet asbestos pad 
on a Gooch crucible; wash with water, and transfer pad and precipitate back 
to the original beaker. Add an excess of N/10*l2, acidify with a few ml. of 
N/1 HCl, and stir well. Titrate back with N/10 Na 2 S 203 . Ml. N/10 I 2 
minus N/10 Na 2 S 203 = D. This is Na 2 S 03 . The formation of a precipitate 
at this point is a test for sulfite. 

E. Alkalinity, Polysulfide Sulfur, and Na 2 S 04 . — Titrate aliquots with N/10 
HCl, shaking or stirring well throughout the titration, and adding a drop of 
methyl orange indicator from time to time. The indicator has a tendency to 
fade, the tendency being overcome as the end-point is approached. Record 
the ml. to give the pink end-point as uncorrected E. The applied correction for 
carbonate and sulfite will be given under “ Calculations,” to follow. 

Now add two to five ml. of the acid from the burette, in excess of the neutral 
point. If the solution remains perfectly clear, after several minutes standing, 
no polysulfide is present. If a cloudiness appears, warm to approximately 
70® C. and hold thus for an hour; filter through tared 10-ml. Gooches, being 
careful to transfer all adhering precipitate. Dry at 80® C. for two hours and 
Weigh back. 
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Grams X 100 
Sample weight 


= % Polysulfide sulfur. 


Add 5 ml. of 1-1 HCl to the filtrate and washings from Polysulfide sulfur 
and boil for three minutes. Add 10 ml. of 10% BaCL *21120. Let stand an 
hour. Filter through No. 42 Whatman filter paper, or one of equal quality, 
wash well, ignite, and weigh BaS04. 


g* 


BaS04X. 6086X100 
g. Sample 


X% Na2S04. 


NajCOs. — Acid sulfide is too weakly acid to decompose carbonates. Sodium 
carbonate may be present in greater or lesser amounts. The amount of sample 
to take depends on the amount known to be present or expected. For 2 to 8%, 
5 gram samples accurately weighed are suitable. Dissolve a pair in 75 ml. 
of COr-free water, add 25 ml. of 25% ammoniacal ammonium acetate solution. 
(This solution has enough concentrated NH4OH added to just turn pink with 
phenolphthalein indicator added.) After mixing, add 20 ml. of 10% BaCL solu- 
tion, stopper well, mix, and stand overnight. In the morning, filter through as- 
bestos, using a 25- or 35-ml. Gooch crucible. Wash well and transfer precipitate 
and pad to a 500-ml. assay flask. The pad can readily be loosened with a 
knife point. Add 100 ml, of water and 100 ml. of N /lO HCl; also several ml. of 
• methyl red indicator. Boil for fifteen minutes. With high carbonate, more 
acid may be necessary; this will be indicated by changing of the indicator to 
the alkaline yellow color. Cool and titrate back with N/10 NaOH. (Mis. 
N/10 HCl — mis. N/10 NaOH = '^ T.”) In addition to the back titration, a 
further correction on the acid must be made for sulfite. Adjust the titrations 
to the same size sample as follows: 


g. Sample for NaaCOg ^ ^ . 
g. Sample for NaaSOa ^ ' 


Correction for NaaSOs: Call D'. 


N710 HC1-(N/10 XaOH + 7)0X.0053Xl00 
g. ^Sample 


Na^CO.. 


In many cases too much time will be lost by giving the overnight standing as 
specified. For control purposes, the time may be shortened to as small a 
period as i hour, introducing a plus error usually under 10% of the NaaCOa 
present. A somewhat longer standing period, say 4 hours, gives the BaS 
which forms to some extent, a better chance to decompose. 

Calculations: 


Tkiosvlfatc — 
Sulfite — 


(C-D)X.0158X100 
Grams sample 


% NaaSaOa.. 


DX.0063X100 ^ 

7; ^ = % NaaSO,. 

Grams sample 


Sidfide and Acid Sulfide — 

Correct E for carbonate and sulfite by subtracting the sum of the titrations 
adjusted for sample size. 
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g. Sample for B 


'Xr-(Na 2 C 03 +Na 2 S 03 ) mis. on B basis— Call r. 


g. Sample for Na^COg'' ^ ...... . 

E — T' = m\. corrected E, or E\ 

E'-(B-E')xm39Xm ^ 

■ : ~% NasS, where E is less than B. 

g. Sample 


(j^-^QX .0056X100 
g. Sample 


= % NaHS. 


When E' is greater than B, the mixture is caustic and normal sulfide, then 

( gl - g) X , 0040X100 ^ 
g. Sample 


^X .0039X100 
g. Sample 


% NasS. 


Where E' is less than B^ 

BX. 0039 X 100 ^ o . XT xja XT C. 

=% Na^S^-^aHS, calculated as Na 2 S, 

g. Sample 

The following equations and example will clarify the above calculations: 

(1) NaoS+U ^2NaI+S. 

(2) NaHS+l 2 -^Nal + HI+S. 

(3) NaHS + HCI->NaCl + H 2 S. 

(4) Na2S+2HCl-~>2NaCI+H2S, 

with l 2 -(l) H=Na 2 S = 2, 1 ml. N/10 l 2 = .0039 g. NajS. 

(2) NaHS = 2, 1 ml. N/10 l 2 = .0028 g. NaHS. 

with HCl-(3) H=NaHS = l, 1 ml. N/10 HC1 = .0056 g. NaHS. 

(4) H=Na 2 S = 2, 1 ml. N/10 HC1-.0039 g. Na«S. 


Illusiraiion- 


NaaS + NaHS 


I NasS + NaHS 
is less than B— Sample = .5000 g. 


-N/IOI 2 =80.0 ml. 


-N/10 HCI = 62.0 ml. 
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Computing by above methods — 

Na 2 S+NaHS = 62.4% 

Na2S = 34.3% 

NaHS = 20.2% 

20.2X39/28 = 28.1 =NaHS calc, as NaiS. 

28.1 + 34.3 = 62.4 Na.S + NaHS. 

80.0 X. 0039X100 , 

.5000 

It will be noted that the “ total iodine titration/’ or reducing value, called 
A titration has not been used in these calculations, and that this was not called 
for in duplicate. This titration gives a check on the work. A should always 
be numerically greater than B. A — B—C. After titrating C, or Na 2 S 203 
plus NasSOa, an indirect valuation of Na2S03 may be made. Remove the 
blue color with a drop of N/10 Na 2 S 203 and titrate with N/10 NaOH recording 
the ml. 


A-B-(C-2/3 ml. N/10 NaOH) X .0063 X 100 


NaCl— 


g. Sample 


= % Na^SOa. 


Weigh accurately samples of 2 to 4 grams and dissolve in 400 ml. of water. 
Add 1 : 1 nitric acid till approximately 10 ml. in excess of the neutral point have 
been added. Boil gently till the odor of H:S and SO 2 has disappeared. Cool. 
Filter off coagulated sulfur. Add a crystal or two of c.p. chromic acid to the 
filtrate and bring to a boil. Precipitate chloride by addition of a slight excess 
of 2% silver nitrate solution. With low chloride a few hours standing will give 
a better formed precipitate. Filter the precipitate on tarcd Gooch crucibles, 
20 or 25 ml. size, and wash free from soluble salts. Dry at 120 to 140® C. for 
two hours. Weigh back AgCl. 

g. _ AgClX.408XlQ0 
g. bample 

Sodium acid sulfide (sulfhydratc) liquor is used in several commercial 
reactions. The methods and calculation.s will apply except in the case of free 
hydrogen sulfide. Using the same letters for designating various titrations, a 
sample calculation is as follows: 

13.9291 grams to 5C0 ml. volume and 25 ml. aliquots used for sulfides, etc. 
,(.696 g.). 

8.174 grams, direct for Na 2 C 03 . 

B = 57.50 ml. N/10 I 2 . 

.38 ml. N/IOI 2 . 

E = 29.87 ml. N/10 HCL 

Na^COa^ 33.05 ml. N/10 HCl. 

^^^X33.05 = 2.81 ml. carbonate correction. 


E corrected for carbonate = 27.06 ml. 


27.06 X.OO50X 100 


= 21.7% NaHS. 


.696 



MISCELLANEOUS ANALYSES 


2187 


Sulfide 08 % H 2 >S — 


57.50 X.0Q17X 100 
.696 


= 14.05% HsS. 


Factor NaHS to HsS 34.08/56.07 = .607. 
Above NaHS (21.7%) equiv. to 13.16% H 2 S. 

14.05^13.16 = .897o net H 2 S. 


Thiosulfate — 


..38X.01.58X100 

.696 


= .86% Na2S203. 


Carbonate — 


Summary — 


33.05 X. 0053X100 
8.174 


= 2.15% NasCOa. 


% H 2 S 89 

%HaHS 21.7 

%Na2C03 2.15 

% NaS-iO, 86 


Note 5.— Credit for above methods must be given to Sutton^s Volumetric Amlysis, 
DuPont Publication, in J. Ind. Fng. Chem., 17, 176 (1925). GrasseUi Chemical Co., 
12-18-29, and various Dow Chemical Company chemists. 


We are indebted to A. W. Beshgetoor, Chief Analytical Chemist, the Dow Chemical 
Company, for the section on the complete analysis of sodium sulfide. 
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ACIDIMETRY AND ALKALIMETRY ^ 

The volumetric determination of a free acid or a free base may be accom- 
plished with rapidity and accuracy by neutralization with a known quantity of 
standard base or alkali as the case may require. The point of neutralization or 
“ end-point is accertained by means of certain compounds called indicators, 
which have a different color in acid solutions than in alkaline solutions, the 
point of transition from one color to the other occurs at the point of neutraliza- 
tion. This end-point may also be recognized by the electrometric method by 
measuring the change of potential that occurs with the change of concentration 
of the hydrogen ions in the solution. This potential change is usually large 
and abrupt at the end-point. 

Indicators. — The accuracy of acidimetric and alkalimetric titrations de- 
pends, to a considerable extent, on the choice of the indicator used. Indicators 
arc usually dyestuffs, which have one color in an acid solution and another in 
alkaline solutions. The color change should occur as near as possible to the 
equilibrium point reached in neutralization. The color change of certain 
indicators may be due to a difference in color of the dissociated from the un- 
dissociated compound or to the presence of certain groups of radicals within 
the molecule of the compound, called chromophores, which show one color in 
acid solutions and, by internal rearrangement, another color in basic solutions. 
This color change depends upon the hydrogen ion concentration of the solution 
rather than the absolute amount of acid present. The pH range of color 
change differs with different indicators as is shown in the table given on the 
following page. It is generally the case that indicators whose color change oc- 
curs with a hydrogen ion concentration greater than pll 7 are sensitive to 
weak bases, while those whose color change occurs with hydrogen ion concen- 
tration less than pH 7 are sensative to weak acids. Thus methyl red with 
color changes between pH 4.2 and 6.3, is sensitive to weak bases, while phen- 
oiphthalein with a range of pH 8.2 to 10 is sensitive to weak acids. 

Indicators may show a color change at entirely different stages of the 
chemical reaction, phenolphthalein, for example, in the titration of sodium 
carbonate, NaaCOa indicates an acid reaction as soon as one of the Na atoms is 
neutralized and a drop of excess of the titrating acid liberated CO 2 . Methyl 
orange at this stage shows alkalinity, NaHCOa being alkaline to methyl orange 
and neutral to phenolphthalein ' The same difference is shown in the titration 
of other polybasic compounds. 

Among the indicators commonly employed in acidimetry and alkabmetry 
the list given by Kolthoff and Furman ^ is of special interest; tropeolin 00, 
pH 1.3 red-3.2 yellow; thymol blue, pH 1.2 red-2.8 yellow; methyl yellow, 
transition 2.9-4 .0, red to yellow; methyl orange, transition interval 3. 0-4. 4, 
red to orange; brom phenol blue, pH 3.0-4. 6, yellow to violet blue; congo red, 
3.0-5.2, blue to red; methyl red, 4.4-6.2, red to yellow; brom cresol green, 4.0- 

I By Wilfred W. Scott. 

‘ vol. Anal.,” J. Wiley and Sons. 
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5.6, yellow to blue; chlorphenol red, 5.0-6.6, yellow to red; brom cresol purple, 
5.2-6.8, yellow to purple; sodium alizarin sulfonate, 5.5-6.8, yellow to lilac; 
brom thymol blue, 6.0-7.6, yellow to blue; azolitmin (litmus), 5.0-8,0, red to 
blue; phenol red, 6.8-8.0, yellow to red; neutral red, 6. 8-8.0, red to yellow 
orange; rosalic acid, 6.9-8.0, yellow to red; cresol red, 7.2-8.8, yellow to red; 
a naphthol phthalein, 7.3-S.7, yellowish rose to green; curcumin, 7.4-8.6, 
yellow to red-brown; phenol phthalein, 8.2-10, colorless to red; thymol blue, 
8.0-9.6, yellow to blue; a naphthol benzein, 9.0-11.0, colorless to blue; thymol 
phthalein, 9.3-10.5, colorless to blue; alizarine yellow, 10.1-12.1, yellow to 
lilac; tropeolin 0, 11.0-13.0, yellow to orange brown; nitramine, 10.8-13.0, 
colorless to red brown. Certain mixed indicators give a color change more 
sharply, for example a mixture of brom cresol purple and brom thymol blue, 
mixed in equal parts. The indicator is greenish yellow at pH 6.0 and blue 
at pH 6.8, A comprehensive table of mixed indicators is given in KolthofF and 
Furman's work. 

A list of the more common of the indicators is tabulated below. The pH 
transition interval, and the color changes are given. 

Solutions of Indicators: Brom Cresol Purple. — 0.04% alcoholic solution. 
Changes color at about pH 6. 

Methyl Orange. — 0.1 g. per ICO ml. of water. Transition interval pH 3.- 
4.4. Apparent pH of end-point, or pT = 4. 

Methyl Red . — The acid is dissolved in alcohol (0.1 g, per 60 ml.) and made 
up to 100 ml. with water. If the sodium salt is available, 0.1 g. is dissolved in 
100 ml. of w^ater. pT = 5. 

Methyl YeUow.— 0.1 g. in 100 ml. of 90% alcohol, pT = 4. 

Phenolphthalein. — 1 g. per 100 ml. of 95% alcohol. If 1 or 2 drops of this 
solution is used per 100 ml. of solution titrated, the end-point is at pH 9. If 
about ten times as much of the indicator is added per 100 ml, of solution the 
change appears at pH 8. Cresol red (0.1 g. per 100 ml. 20% alcohol) changes 
color at pH 8. 

Thymol Blue (Thymol sulfone phthalein). — 0.1 g. in 20 ml. of hot alcohol; 
dilute to 100 ml. with alcohol. The indicator has two ranges: Changes from 
red to yellow at pH 1.2-2.8, pT = 2.6; changes from yellow to blue, pH 8.-9.6, 
pT = 9. 

Mixed Indicators. — 1.25 g. methyl red, 0.825 g. methylene blue dissolved in 
1 liter of 90% alcohol; 0.75 g. methyl red, 0.025 g. guinea green dissolved in 
1 liter of 90% alcohol; 5 g. sodium alizarin sulfonate, 0.625 g. guinea green in 

1 liter of water; 5 g. sodium alizarin sulfonate, 1.25 g. indigo carmin in 1 liter 
of water (A. H. Johnson and Jessie R. Green, ind. Eng. Chem., Anal. Ed., 2, 

2 (1930)), 
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ULTIMATE STANDARDS 

Constant-boiling hydrochloric acid is generally used as the ultimate standard 
acid. Benzoic acid and other acids or acid salts, e.g. potassium acid phthalate, 
are also used. 

Sodium carbonate is the best of the alkali standards. This salt may be 
prepared in exceedingly pure form. It is generally used as the basic material 
for the volumetric standardization of the acid. 

PREPARATION OF PURE SODIUM CARBONATE 

Bicarbonate of Soda made by the Ammonia-Soda process may be obtained 
in exceedingly pure form. The impurities that may be present are silica, 
ammonia, lime, arsenic, sodium chloride and sodium sulfate. With the excep- 
tion of silica and lime the impurities may be readily removed by recrystallizing 
the bicarbonate, decanting off the supernatant solution 
containing the impurities. The bicarbonate is dried be- 
tween large filter papers in the hot air oven (100^' C,). 

Standard Sodium Carbonate is made from this pure 
sodium bicarbonate by heating at 290® C. to 300® C. in an 
electric oven. If a constant- temperature oven is not avail- 
able a simple oven may be improvised by use of a sand bath 
and a large beaker or a sheet-iron cylinder covered at the 
upper end as shown in Fig. 299. A thermometer passing 
through this shield registers the temperature of the material, 
within a large platinum crucible. This crucible rests upon a 
triangle, so that the bicarbonate is entirely surrounded by 
an atmosphere of comparatively even temperature. 

The sodium bicarbonate is converted to the carbonate. 

Constant weight will be obtained in about five or six hours. 

When the material no longer loses weight it is cooled in a Fig, 299. 
desiccator and bottled for use, preferably in several 
small, glass-stoppered bottles. For exceedingly accurate work the material 
is analyzed and allowance made for the impurities that may still remain. The 
error caused by any such impurities is so small that for all practical purposes 
it may be neglected. 

This purified sodium carbonate is an ultimate standard for acidimetric and 
alkalimetric volumetric analysis. 




2194 


ACIDIMETRY AND ALKALIMETRY 


PREPARATION OF STANDARD ACID 


STANDARD SULFURIC ACID 


Fifty-two per cent sulfuric acid is in equilibrium with the average moisture 
present in the air of the laboratory; acid of this concentration is recommended 
for the standard stock solution.® 

Pure 94 to 97% H2SO4 is diluted with sufficient water so that its gravity is 
about 1.4200 (42.7° B^.). The acid is well mixed and poured into small clean 
and dry glass-stoppered sample bottles of about 200-ml. capacity. The bottles 
are carefully sealed and placed aside for use as desired. To determine the exact 
strength of this standard acid a portion is standardized against the sodium 
carbonate, prepared according to directions given. 

Method of Standardization. Procedure. — (a) Direct. From a weighing 
bottle weigh out accurately about 40 XN X .053 g. (where N is 1, 0.5, 0.1 etc. the 
approximate normality of the acid). Dissolve the sodium carbonate in 50 ml. 
distilled water, free of CO 2, and titrate using methyl orange indicator, or 
one of the mixed indicators (page 2192). For 0.1 N solutions a reference solu- 
tion is prepared by adding the equivalent of | drop of the standard acid to 100 
ml. of water containing 2 drops of the indicator. 


Wt. of sodium carbonate 
Ml. of acid used in titration X -053 


= N of the acid. 


(6) Indirect. A catch weight of about 10 grams of the acid is weighed out 
in a weighing bottle or 100-ml. beaker (10 ml. = approximately 13 grams) and 
placed aside for titration. The amount of sulfuric acid in the sample (weight 
of sample multiplied by per cent divided by 100) is neutralized by 1.0808 times 
its weight of sodium carbonate. As an excess of acid is necessary to drive out 
all the carbonic acid the following formula is used — (grams H2SO4 — 0.05} 
X 1.0808 = weight of XaaCOs required. 

The required amount of sodium carbonate is weighed and transferred to a 
600-ml. Erlenmeyer flask and 100 ml. of water added. The acid is carefully 
poured into the flask and the rinsings of the weighing bottle or beaker added. 
The solution is boiled for 15 minutes to expel CO2. A small filtering funnel 
inserted in the neck of the flask prevents loss during the boiling of the acid and 
carbonate mixture. The excess of acid is titrated with N/5 NaOII, using 
phenolphthalein indicator, the caustic being added drop by drop until a faint 
permanent pink color is obtained. 

* Ninety -three thousand pounds of sulfuric acid, with an exposed surface of 1260 
sq. ft. and depth of 10 in., had decrea.sed in strength from 86% to 52.12% HjS 04 , after 
standing in a lead pan, protected from the rain, for 42 days (Sept. 9th to Oct. 2l8t, 1916). 
Air was bubblerl through a two-liter sample of this acid for seven consecutive days, 
when the solution was tested and found to contain 52,18% H2SO4. The average temper- 
ature of the laboratory w’a.s 74'’ F., the average vapor of the air (7 tests) was 0.2223 
gram H 2 O per standard cubic foot. The average humidity for September and October 
was 68%; the average temperature 62® F. The average humidity for the past 33 years 
was 72%; average temperature 57° F. 
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(The sulfuric equivalent to the NaOH added) + (weight of NasCOg X 0.9252) 
= weight of pure H 2 SO 4 present in the sample. 

Notes. — COj-fr^ water should be taken in all titrations with phenolphthalein. 
The indicator contains 1 gram of the compound per liter of 95% alcohol. One ml. of 
indicator of this strength is required for each titration. 

Results should agree to within 0.05%. 

The temperature of the acid should be observed at the time of standardization and 
this noted with results on the bottles containing the standard samples. The coefficient 
of expansion is .00016+ per degree F. risen in temperature or .000293 per degree C. per 
ml, of solution. 


Normal Sulfuric acid contains 49.043 grams of H 2 SO 4 per liter of solution. 
To make a liter of the normal acid the amount of the standard acid required is 

, w ^ u r 1 100X49.043 , , 

calculated by the formula ^ tt ; — r= grams standard acid 

per cent H2SO4 in standard 

necessary. The acid is weighed out in a small beaker, a slight excess being 
taken (0.1 gram). The acid is washed into a liter flask and made to volume. 
An aliquot portion is standardized against the standard sodium carbonate. 
The solution may now be adjusted to the exact strength required. 

Example. — If 25 ml. of the acid is found to contain 1.25 grams H 2 SO 4 we 
find the amount of dilution required as follows: 25 ml. of N/1 H 2 SO 4 should 


25 X 1 25 

contain 1.226075 grams, therefore 1.226075 : 25 :: 1.25 : x, and x = 

Then x minus 25 = the amount of water required for 25 ml. Total dilution 
-dilution for 25 multiplied by the volume of acid remaining in the flask 
divided by 25 = ml. water required to make a normal acid solution. 

Fifth normal and tenth normal acids may be prepared by diluting the 
normal acid to five or ten volumes as the case requires. 

Gravimetric Methods. Precipitation as BaSOi. — Sulfuric acid may be 
standardized by precipitating as BaS 04 according to the procedure given for 
sulfur. BaS 04 X 0.4202 = H 2 SO 4 . 

Determination as (NH 4 ) 2 S 04 . — To 10 ml. of the acid diluted to 50 ml, in a 
large platinum dish is added NH4OH until the acid is neutralized and a faint 
odor of ammonia is perceptible. The solution is evaporated to dryness on the 
water bath and dried at 100® C. for half an hour. The residue is weighed as 
(NH4)2S04. (NH4)2SO4X0.7422 = gram H 2 SO 4 . 


STANDARD HYDROCHLORIC ACID 

Standard hydrochloric acid may be prepared from a solution of the acid 
containing a known amount of HCl. The stock solution, containing an exact 
amount of the HCl in solution, may be prepared by distilling dilute hydrochloric 
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acid until it has attained a definite boiling *point. The pressure being known 
the exact amount of the acid that now distills and that remaining in the flask, 
provided the original solution was pure, can be estimated from the following 
table of Bonner and Wallace.* 

Boiling Point Bata of HCl 


Press. Mm. 

Boiling Pt. 

Density, 2r>o 

HCl % 

ebo 

102.209” C. 

1.0980 ' 

.20.638 

640 

103.967” C. ' 

1.0973 1 

20.507 

680 

105.564° C. 1 

1.0968 1 

20.413 

700 

106.424” C. ' 

1.0966 * 

20.360 

740 

107.859” C. 1 

1.0962 1 

20.268 

760 

108.584” C. 

1.0959 ! 

20.222 

800 

110,007” C, 

1.0955 

20.155 


Procedure. — The dilute acid, prepared from the solution of concentrated 
hydrochloric acid by diluting with an equal volume of distilled water, is placed 
in a flask of the distillation type with side arm, A thermometer is inserted 
and the acid heated to boiling. When a constant temperature is attained the 
distillate is caught for use. The barometric reading is taken at the time of 
distillation. 

Acid of any strength desired can be prepared by direct measurement, the 
density and percentage of the acid being known from the table above. The 
density multiplied by the percentage of HCl and the result divided by 100 
gives the weight of II Cl per ml, of the stock solution. 

Normal HCl contains 36.46 g. HCl per liter. 

The weight of constant boiling HCl to weigh against brass weights in air 
to give 1 liter of N solution is given by Foulk and Hollingsworth.® The follow- 
ing will serve: 


Barometer 
Reading 
when Acid 
was Collected 


G. of Acid 
per 1 Liter 
of N Acid 


770 180.407 

760 180.193 

750 179.979 

740 179.766 

730 179.555 


Gravimetric Determination of Hydrochloric Acid by Precipitation as AgCl. — 

Hydrochloric acid may be standardized by precipitation with silver nitrate 
solution by the procedure for determination of chlorine. AgCl X 0.2544 «= HCl. 
It is advisable to heat the sample, diluted to a convenient volume, and add the 
hot silver nitrate in slight excess of that required by HCl, the amount of the 
reagent being calculated, e.g., mol. wt. HCl : mol. wt. AgNOa :: Wt. HCl in 
sample : x. 

* W. D. Bonner and R. E. Wallace, Jour. Am. Chem. Soc., 52, 1750 (1930). 

® J. Am. Chem. Soc., 45, 1220 (1923). 
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BENZOIC ACID STANDARD 

Benzoic acid may be obtained in exceedingly pure form by melting the resub- 
limed acid in a covered platinum dish in a constant-temperature oven, at a 
temperature of 140° C. The acid is poured into test-tubes, cooled, and the 
sticks bottled for use. The acid does not take up moisture to any appreciable 
extent, even when exposed to the air for some time, so that it may be weighed 
without danger of absorption of moisture. 


STANDARD ALKALI SOLUTION 

Standard normal sodium hydroxide is made by dissolving approximately 
50 grams of NaOH sticks with I to 2 grams of Ba(OH )2 in 200 to 300 ml. of 
water and diluting to 1000 ml. The caustic is standardized against normal 
or tenth normal hydrochloric or sulfuric acid, using phenolphthalein indicator. 
Other standard acids may be employed, such as oxalic, benzoic, and phthalic 
acids. See below. The solution is adjusted to the exact strength desired by 
addition of distilled water. The solution should be protected from CO 2 of the 
air — see Fig. 300, p. 2199. 


Note. — ^The addition of Ba(OH )2 is made to precipitate the carbonate in the caustic, 
as this would interfere with titrations in presence of phenolphthalein. As the presence 
of barium would produce a cloudiness with H 2 S 04 it is advisable to add only an amount 
sufficient to precipitate the carbonate.' Milk of lime may be added in place of Ba(OH) 2 . 

Standardization of Sodium Hydroxide by Acid Potassium Phthalate. — 

Acid potassium phthalate, KHCgH^Oi, can be obtained in pure form. It has 
a high molecular weight, is not hygroscopic and may be weighed in an open 
container without danger of change. Phenolphthalein indicator is satisfactory 
for the titration. 

Reaction : KHC 8 H 40 ^ -hNaOH = KNaCgH 404 +H 20 . 

204.215 g. of the salt is equivalent to 1.008 g. H or 40 g. NaOH. 1.0211 g. 
is equivalent to 50 ml, of N/10 solution. 

Procedure. — Weigh 2-5 grams of the acid potassium phthalate, transfer 
to a 300 ml. Erlenmeyer flask and dissolve in about 50 ml. of water. Add 3-4 
drops of 1% phenolphthalein indicator and titrate with the NaOH solution to 
a faint pink color. (See note below.) 

The normality of NaOH is obtained by dividing the volume equivalent of 
the acid potassium phthalate by the ml. NaOH. Volume equivalent = Wt. 
KHC8H404-j- 0.2042 = ml. normal solution. 

Note, — In a sep>arate flasl^ with the same amount of solution and indicator, obtain 
the same color by adding NaOH drop by drop. Subtract this blank from the above 
titration before calculating normality. 

Alkaline solutions that are to be used in presence of CO 2 are best standardized ftgainst 
standard acid solutions prepared by titration against NaaCOg or against HCl prepared 
from the acid of constant boiling point, approximately 20.2% HCL* 

* G. A. Hulett and W. D. Bonner, J. Am, Chem. Soc., 31, 390 (1909), and W. D. 
Bonner and R. E. WaUace, J. Am. Chem. Soc., 52, 1750 (1930). 
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Precautions should be taken a^inst the presence of COj in the titrations where 
phenolphthalein is used. The distilled water should be freshly boiled, and the air in 
the flask should be free of CO 2 . 

Pure NaOH may be prepared by dissolving 100 grams of the pure stick NaOH in 
about 100 ml. of water, transferring to a large test tube and allowing to settle. If the 
solution is centrifuged for 20-30 minutes the sodium carbonate and other insoluble 
material wUl settle and the clear liquid may be used at once/ By means of a graduated 
pipette the required amount of the clear solution is drawn out and made to volume. 
40 grams NaOH per liter is a normal solution. Otlier normalities may be desired. 
The NaOH should be kept in bottles lined with paraffine. This paraffining is done by 
heating the bottle, pouring in sufficient melted paraffine and rotating the bottle so that 
the paraffine flows over the sides and the entire inner surface, 

The end-point mth methyl orange indicator (3 drops 0.02% solution per 100 ml.) 
is the color obtained in a solution with pH ==4.2. 


TO MAKE A SOLUTION OF APPROXIMATE NORMALITY 
STRENGTH WITHOUT WEIGHING, FROM A SOLUTION 
OF KNOWN STRENGTH AND SPECIFIC GRAVITY 

Calculate the ml, of the reagent that contain the weight of the material 
necessary per liter. Measure out this volume and dilute to 1000 ml. 

Example. — Required to make an approximate 0.1 N H 2 SO^ solution from 
87% H 2 SO 4 having a sp.gr. of 1.8. 

A liter of normal solution contains 49.04 g. H 2 SO. 1 , a 0.1 N 4.904 g. H 2 SO 4 . 
1 ml. of the acid contains 1.8X0.87 g. H 2 SO 4 . 

4.904 g- of H 2 SO 4 is present in 7 f " ~ 

1-8 XU-87 

Dilute 3.13 ml. of the acid to 1000 ml. 

By using normal solutions of the acid or alkaline reagents the color changes 
of the indicators commonly employed are sharp. Lunge- Berl ® regard 0.2 N 
solutions as the lower limit of concentration. It is occasionally advisable to 
use more dilute solutions even though the color changes are not so sharp. 

Borax (Na 2 B 407 ' IOH 2 O) is recommended by various investigators as a 
suitable ultimate standard for acid standardization, using methyl red as indica- 
tor, in 0.1 N titrations, or methyl orange if the reagent is stronger than 0.2 N. 

In making up normal solutions it is necessary to note the temperature of 
the solution at the time of standardization, since a change of temperature will 
change the value of the reagent. The following corrections should be applied, 
the table taking the initial temperature to be 20° C. 


15.. .. 0.00077 21... -0.00018 

16 0.00064 22 - 0.00038 

17. . . .0.00050 20. .. .0.00000 23 0.00059 

18. . . .0.00034 24. . . . -0.00081 

19.. .. 0.00018 25.... -0.00103 


The corrections apply to pure water. With the reagents indicated below 
the correction must be increased by the percentages indicated. 

Allen and Low, Ind. Eng, Chem., Anal. Ed., 5, 192 (1933). 

* "Chemisch-Technische Untereuchungsmethexiik,*’ 7th Ed., Vol. I, p. 138. 
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N HNO 3 50%, HCl 25%, H 2 SO 4 45%, NaOH 40%, KOH 40%, H 2 Cj 04 30%, 

Nft2C03 40%. 

N/10 HNOj 6%, HCl 3%, HjSO, 5%, NaOH 5%, KOH 4%, HjCjO, 3%,Na2COa 
5%. 






MdOH 

Solufion 


STANDARD BURETTES 

Burettes used for this work should be carefully checked for accuracy of 
delivery. , ^ 

For accurate titration of acids 
or alkalies it is advisable to have a 
titration of 75 to 100 ml. Since the 
straight 100- ml. burette if gradu- 
ated to twentieths of a ml. would 
be too long for convenient handling, 
the chamber burette is used. The 
chamber located in the upper por- 
tion of the apparatus holds 75 mb, 
the lower portion drawn out into 
a uniform-bore tube is graduated 
in twentieths of a ml. Each tenth 
of a ml. has a mark passing entirely 
around the tube so that there will 
be no error in reading, the eye being 
held so that the mark appears to be 
a straight line drawn across the 
tube. The burette is enclosed in a 
large tube filled with distilled ^vater 
and carrying a thermometer. The 
burette is connected, by means of 
an arm at the base, with a reservoir 
of standard acid. The cut, Fig. 

300, shows the apparatus con- 
nected ready for use. 

If vapor is lost from the stand- 
ard reagents and this replaced by 
dry air, as in the common practice, 
the solution gradually changes in 
strength. A simple and ingenious 
device, designed by H. W. Hcrig 
(Gen. Chem. Co.), is shown at the 
top of Fig. 300, which overcomes 
this difficulty. The air drawn into 
the reagent bottle is purified and 
saturated with moisture by pass- 
ing it through sodium hydroxide. 

A mercury valve relieves the pres- 


Ch amber 
Burette 


Water 

Jacket 


Fig. 300. 


sure if expansion of air in the reagent bottle occurs due to rise of temperature. 
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Note, — The chamber burette shown in Fig. 300 was designed at the laurel Hill 
Laboratory, General Chemical Company. 


TITRATION OF ACIDS AND ALKALIES 

In the acid titration the sample is conveniently titrated in a white porcelain 
casserole. This gives a white background that enables the analyst to see the 
end-point. The caustic is run into the acid, to within a few ml. of the end- 
point, rapidly and then cautiously to a faint change of color — faint pink with 
phenol phthalein or an orange-yellow with methyl-orange. Pheholphthalein 
is generally preferred in acid titrations. C02-free caustic and water should 
always be used. 


METHODS OF WEIGHING ACIDS 

DILUTE ACIDS NON-VOLATILE UNDER ORDINARY 
CONDITIONS 

Dilute acids may be weighed directly in a beaker, weighing bottle or ordi- 
nary pipette (see directions given later) by measuring out the approximate 
amount desired. Since a burette reading from 75-ml. to 100-ml. should be 
used for this work it will be necessary to take such an amount of the acid as will 
require a titration between these extremes. This may be accomplished by 
taking the specific gravity of the acid and referring to the table for the ap- 
proximate strength. From this the volume necessary may readily be 
calculated. 

Example. — The case will be taken where a 75-ml. to 100-ml. burette is being 
used and the titration is to be made vdth normal caustic solution; the acid 
titrated is sulfuric acid. The capacity of the burette is 75X0.049 = 3.675 grams 
H2SO4 to 100X0.049=4.9 grams H2S04. (For HCl the capacity would be 
2.74 to 3.65 grams HCl and for HNO3 it would be 4.73 to 6.3 grams HNO3.) 

Suppose the sulfuric acid has a sp.gr. of 1.1600. From the table for H2SO4 
we find that this acid is 22.25% H2SO4, then 1 ml. contains 1.16X22.25 divided 
by 100=0.2581 gram H2SO4. Since the capacity of the burette is 3.675 to 4.9 
grams H2SO4, we must weigh between 3.675 and 4.9 grams of the acid; to get 
3.675 4.9 

this we should take to _ mb, that is to say, 14.5 to 18.5 mb of the 
.2581 .2.581 

acid, w^hich will weigh 16.8 grams to 21.5 grams. 


WEIGHING CONCENTRATED ACIDS, FUMING OR VOLATILE 
UNDER ORDINARY CONDITIONS 

The acid must be confined during weighing and until it is mixed with water 
or standard caustic. The best forms of apparatus include the following: 
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Lunge-Ray Pipette.— The pipette is shown in Fig. 301, Two glass stop- 
cocks confine the acid in a bulb. The lower part of the pipette is protected 
by a ground-on test-tube. The dry pipette is weighed. Cock 2 is closed and 
1 opened and a vacuum produced in the bulb by applying suc- 
tion at the upper end of pipette and closing stopcock 1 with 
suction still on. The sample may now be drawn into the pipette 
by immersing the lower end in the sample and opening the 
stop-cock 2 , the vacuum producing the suction. The increased 
weight = acid drawn in. The pipette is emptied by running 
the acid under water. 

Dely Weighing Tube.®— This form of weighing tube has 
proven to be of exceptional value, to the busy works-chemist, 
in the analysis of oleum and mixed acids. Hoth speed and 
accuracy are gained by its use. The apparatus, shown in Fig. 

302, consists of a long glass tube of small bore, wound in a 
spiral coil. 

The sample of acid is drawn into the weighed coil by 
applying suction through a rubber tube attached to A and 
drawing in the required amount of acid, a mark, ascertained 
by a previous run being made, to indicate the point to which 
the acid is drawn. The tip B is carefully wiped off with tissue 
paper and the tube and sample weighed. The 'weight of the 
tube deducted gives the weight of the sample. 

The apparatus is now inclined so that the acid runs back 
into the crook at C to a point marked on the wall of the tube, 
in order to expel as much air as possible from this end. A rubber tube filled 
with water is attached to A, the other end of the rubber tube being connected 
to a bottle containing distilled water, A glass bead, such as is used in rubber- 

tipped burettes, fitting snugly in this tube, 
regulates the flow of water. The Dely tube 
is now inverted, the tip being immersed in 
150 ml, to 200 ml. of distilled water in a 4- 
in. casserole — Fig. 302. By pressing gently 
on the bead, water is slowly admitted in the 
tube, forcing the acid before it. The acid 
and water are separated by a bubble of air. 
Before forcing out the last half-inch of acid, 
the tube connected to the water supply is 
disconnected and the weak acid from the 
casserole drawn back two or three inches 
into the Dely tube, then again the acid is 
almost entirely expelled by water from the 
reservoir and the procedure repeated. This 
is to absorb the SO 3 gas that invariably is 
present in the bubble of air above men- 
tioned, which would be lost if forced out 
directly by the water column. In order to facilitate this last step it is well to 
have a short rubber tube attached to the Dely tube, and a glass tip in the 


Fig. 301. 
Lunge-Ray 
Pipette. 



Fig. 302 . 


Dely Weighing Tube in 
Operation. 


’ J. G. Dely, Chemist, Gen Chem. Co. 
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tube connected with the reservoir of water. The acid in the casserole, upon 
washing out the Dely tube, is titrated with standard caustic according to the 
procedure for titration of acids. 

The tube is dried after washing with alcohol, followed by 
ether, by heating on an asbestos mat on a hot plate, dry air 
being aspirated through. 

Snake Weighing Tube. — The snake tube is a simple 
device that may be easily made by an amateur glass-blower. 
It is made out of a glass tube 8-*10 ins. long, slightly thinner 
than a lead pencil. One end of the tube is drawn out to 
capillarity. The tube has a double bend, as shown in the 
illustration. It is so made that it rests on the double bend 
with the ends inclined upward to prevent the outflow of the 
acid. Fig. 303. 

The tube is dried with alcohol, ether and air treatment, as 
in case of the Dely tube. After weighing the empty tube, acid 
is drawn into it by suction through an attached rubber tube. 
The capillary end that has dipped into the sample is wiped 
dry with tissue paper. The acid and tube are w^eighed and 
the acid estimated by difference. 

The acid is run into 150 ml. of water in a casserole, the flow being regulated 
by the index finger pressed against the 
larger end of the tube. With careful 
regulation of the flow, practically no 
bumping occurs. With a small capillary 
opening it is not necessary to place the 
finger over the larger end of the tube as 
the acid flow will be slow. The tube 
should be kept in motion to prevent 
bumping from overheating any one por- 
tion. Kicking back of the acid indicates 
that the capillary end of the tube is too 
large. When the contents of the tube 
have run out, the tube is rinsed by suck- 
ing up some acid from the casserole and 
allowing it to run out, repeating sev- 
eral times. Suction may be applied by 
means of a rubber bulb attached to the 
tube. The acid is now titrated with 


IS now 

standard caustic, using phenolphthalein 
indicator. 

Blay-Burkhard Graduated Weighing 
Burette.^® — This apparatus, designed by 
V. L. Blay and W. E. Burkhard, Gen- 
eral Chemipal Company, is used for 
weighing acids or other liquids. The 
form for general use is shown in Fig. 304. Fia. 304. 

The burette is graduated in half ml. divi- 

A similar burette of larger capacity and small weight was designed by Friedman 
and La Mer, Ind. Eng. Chem., Anal. Ed. 2, 54 (1930). 



Blay-Burkhard Graduated 
Weighing Burette. 
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sions, from 0 to 20 ml. An apparatus half this size is used for oleum, where 
a 2-ml. sample is sufficient for a determination. For the purpose of running 
the sample under water a capillary tube (F, Fig. 304), with ground joint, is 
attached to the burette. This tube is placed in the solution during titration. 
The burette is provided with a glass vented stopper (A) on the top, and a 
glass cap for the tip, both having ground joints, to prevent escape of fumes 
from the sample. 

W. W. Scott modified the apparatus by replacing the fragile cap (A) by a 
tube stopper with capillary vent (see A\ Fig. 304). The vent to the air is 
opened or dlosed by a slight turn of this stopper. By means of this tube acid 
may be drawn into the burette according to the Lunge- Ray pipette procedure. 
With these burettes a man can control his work very accurately and save a 
great amount of time, both in weighing and manipulation. 

In the analysis of strong oleum, about 50 grams of neutral Glauber salt are 
placed in a casserole containing water, and the fuming acid allowed to flow 
under the undissolved salt. The violent reaction of the acid with water is 
thus avoided. The tube F, Fig. 304, should be made of fused silica. 

The glass-bulb method is still used for analysis of strong oleum. The acid 
weighed in a sealed tube of known weight is mixed with water by breaking the 
bulb in a stoppered bottle containing water, the acid is cooled and titrated as 
usual. 


ANALYSIS OF MURIATIC ACID 
(Commercial Hydrochloric Acid) 

TOTAL ACIDITY AND HYDROCHLORIC ACID 

The usual titration with standard caustic gives the total acidity, including, 
in addition to hydrochloric acid, nitric and sulfuric acids which may occur in the 
commercial product. The acidity due to these acids is deducted from the total 
acidity to find the actual HCl in the muriatic acid. 

A catch weight, 10 to 15 grams of the acid, is weighed in a weighing bottle, 
or a large snake tube, or the Dely tube, as in case of oleum analysis, and the 
acid allowed to mix with water in a casserole; methyl-orange indicator is added 
and the acid titrated with standard normal caustic solution, the red color fading 
to a lemon-yellow. A fraction of a drop of the alkali will cause the change 
when the end-point has been reached. 

One ml. N/1 NaOH — 0.03647 g. HCl. 

Note. — Hydrochloric acid may be determined CTavimetricaJly by precipitating 
the chloride with silver nitrate— HCl+AgNOj-AgCl-l-HNOs, or by the volumetric 
methods for the determination of chlorine. See Chloriae. 
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DETERMINATION OF IMPURITIES IN COMMERCIAL 
HYDROCHLORIC ACID. FREE CHLORINE 

Five ml. of the acid are diluted to 10 ml., about 5 ml, of fresh starch solution 
added and a few drops of 5% KI solution together with about 1 ml. of dilute 
H2SO4. A blue color indicates free chlorine. This color may be matched in a 
Nessler tube with a standard. It is possible to determine .0001% chlorine on a 
5-ml. sample. 

NITRIC ACID OR NITRATES IN HYDROCHLORIC' ACID 

About 5 ml. of the hydrochloric acid is cautiously added to 75 ml. of 95% 
ILSO^, the HCl being introduced under the surface of the sulfuric acid. The 
nitric acid may now be titrated with standard ferrous sulfate by the procedure 
for the direct determination of nitric acid and nitrates. (Method of Scott and 
Bowman.) The ferrous sulfate test for nitric acid is delicate. Traces of nitric 
acid produce a pink coloration; larger amounts a reddish brown to dark brown. 
The color is permanent when an excess of ferrous sulfate has been added. 


SULFURIC ACID AND SULFATES IN HYDROCHLORIC ACID 

Free H2SO4. Fifty ml. of the sample is evaporated in a platinum dish 
(steam bath) to dryness or until the HCl has been expelled. A few drops of 
water are added and the material again taken to dryness (steam bath). The 
residue is taken up with water and titrated with N/10 NaOH, using methyl- 
orange indicator. One ml. =0.0049043 gram H2SO4. 

Total Sulfates. Fifty ml. of the muriatic acid is evaporated to about 5 to 
10 ml. and then diluted to about 200 ml. and heated to boiling. Total SO3 is 
now precipitated by adding BaCL solution as in case of determination of total 
sulfur. The precipitated BaSOi includes the free H2SO4 and the combined 
SO3. BaS04X0.4202 = H2S04. 


ARSENIC IN HYDROCHLORIC ACID 

Commercial muriatic acid may contain arsenic. This is best determined 
by the Gutzcit Afethod given in detail under Arsenic. 10 ml. of sample is 
usually sufficient for this determination. If much arsenic is present the distilla- 
tion method may be followed, using a 25 to 50-ml. sample. The distillate is 
titrated with standard iodine according to procedure given for arsenic by the 
iodine titration, page 99. 


BARIUM CHLORIDE IN HYDROCHLORIC ACID 

Fifty ml. is evaporated to dryness and then over a low flame to expel SO3. 
The residue is taken up with 1 ml. of 1 ; 1 HCl and 50 ml. of water. 1 ml. 
H2SO4 is added and the precipitated BaS04 filtered off and weighed. If silica 
is present in the sample its weight should be deducted. BaSO4X0.8923 
= BaCl2. 
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TOTAL SOLIDS AND SILICA 

One hundred ml. of tl\e H Cl in a platinum dish is evaporated to dryness and 
the residue ignited and weighed. 5 ml. of HF is added with a few' drops of 
H2SO4 and the solution again evaporated and ignited. ' The first weight ^total 
solids. The loss oj weight in the second ignition — SiO 2 . 

DETERMINATION OF SPECIFIC GRAVITY 

Control tests for strength of the common inorganic acids are generally 
made in the •plant by means of the hydrometer. This instrument depends on 
the fact that when a solid floats in a liquid, the weight of the liquid displaced 
is equal to the weight of the floating body. The hydrometer is a cylindrical 
instrument, generally with a spherical bulb, weighted with lead shot or mercury. 
It has a narrow stem with graduations, which indicate the gravity. The 
instrument floats vertically, after displacing its own weight of solution in which 
it is placed. The instruments are adapted for varying gravities extending over 
a range of ten to twenty divisions. 






1 


Fig. 305. — Hydrometer. 


The Gravity tables given in the following pages have been developed with 
considerable care. By means of these one is able to obtain quickly and with 
fair degree of accuracy the strength of the acid or alkali of which the gravity is 
ascertained. 

The following precautions should be observed in making hydrometer tests: 

1. The hydrometer should be clean and dry, and at the temperature of the 
liquid, before immersing to make a reading. 

2. The vessel in which the observation is made should be of clear glass of 
suitable size and shape, to allow the hydrometer to float freely (about | inch 
greater in diameter than the hydrometer bulb) and of sufficient height to enable 
full reading of the hydrometer (i.e., height greater than the length of the 
hydrometer). 

3. The liquid should be thoroughly mixed by means of a stirrer reaching 
to the bottom of the vessel. There should be no air bubbles in the liquid or 
clinging to the sides of the vessel or the hydrometer. 

4. The hydrometer is slowly immersed in the liquid, slightly beyond the 
point where it floats, and is then allowed to float freely. 

6. The reading is made with the line of vision horizontal to the plane and 
as near as possible to this. The point is taken where this surface line cuts the 
hydrometer scale. 

6. The temperature of the liquid is taken before and after the reading and 
allowance made for variation of the temperature from standard conditions as 
indicated in the tables. 

References. — Cir. 16, 4th edition, Feb. 23, 1916, U. S. Bureau of Standards, 

Sulfuric Acid Handbook by Thos. J. Sullivan, McGraw-Hill Book Co. 

Thorpe Dictionary of Applied Chemistry, pp. 103-114. Longmans, Green and Co. 
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HYDROCHLORIC ACID 


By W. C. Feboxtson 


Degrees 

Banme. 

Sp. Gr, 

BsKrees 

TwaddeU, 

Per Cent 
HCl. 

Degrees 

Baum6. 

Sp. Gr. 

Degrees 

TwaddeU. 

Per Cent 
BCL 

1.00 

1 . 00G9 

1.38 

1.40 

14.25 

1 . 1090 

21.80 

21.68 

2.00 

j 1.0140 

2.80 

i 2.82 

14.50 

1 1.1111 

22.22 

22.09 

3.00 

1.0211 

4.22 

4.25 

14.75 

1.1132 

22.64 

22.50 

4.00 

1.0284 

5.68 

5.69 

15.00 

1.1154 

23.08 

22,92 

5.00 

1.0357 

7.14 

7.15 

15.25 

1.1176 

23.52 

23.33 

5.25 

1.0375 

7.50 

7.52 

15.50 

1.1197 

23.94 

23.75 

5.50 1 

1.0394 

7.88 

7.89 

15.75 

1.1219 

24.38 

24.16 

5.75 

1.0413 

8.26 

8.26 

16.0 

1.1240 

24.80 

24.57 

6.00 

1.0432 

8.64 

8.64 

16.1 

1 . 1248 

24.96 1 

24.73 

6.25 

1.0450 

9.00 

9.02 

16.2 

1.1256 

25.12 

24.90 

6.50 

1.0469 

9.38 ! 

9.40 

16.3 

1.1265 ! 

25.30 ! 

25.06 

6.75 

1.0488 

9.76 

9 78 

16.4 

1.1274 

25.48 

25.23 

7.00 

1.0507 

10.14 

10.17 

16.5 

1,1283 

25.66 

25.39 

7.25 

1.0526 

10.52 

10.55 

16.6 

1.1292 

25.84 

25.56 

7.50 

1.0545 ' 

10.90 

10.94 

16.7 

1.1301 

26.02 

25,72 

7.75 

1 .0564 

11.28 

11.32 

16.8 

1.1310 

26.20 

25.89 

8.00 

1.0584 ' 

11.68 

11.71 

16.9 

1.1319 

26.38 

26.05 

8.25 

1.0603 

12.06 

12.09 

17.0 

1.1328 

26.56 

26.22 

8.50 

1.0623 ! 

12.46 

12.48 

17.1 

1.1336 

26.72 

26.39 

8.75 

1.0642 

12.84 

12.87 

17.2 

1.1345 

26.90 

26.56 

9.00 

1 .0662 

13.24 

13.26 

17.3 

1.1354 

27.08 

26.73 

9.25 

1.0681 

13.62 

13.65 

17.4 

1.1363 

27.26 

26.90 

9.50 

1.0701 

14.02 ' 

14.04 

17.5 

1.1372 

27.44 

27.07 

9.75 

1.0721 

14.42 

14.43 

17.0 

1.1381 

27.62 

27.24 

10.00 

1.0741 

14,82 ! 

14.83 

17.7 

1 . 1390 

27.80 

27-41 

10.25 

1,0761 

15.22 

15.22 

17.8 

1.1399 

27.98 

27.58 

10.50 1 

1.0781 

15.62 1 

15.62 

17.9 

1.1408 

28.16 

27.75 

10.75 

1.0801 

16,02 1 

16.01 

18.0 

1.1417 

28.34 

27.92 

11.00 ' 

1.0821 

16.42 

16.41 

18.1 

1.1426 

28.52 

28.09 

11.25 

1.0841 

16.82 

16.81 

18.2 

1.1435 

28.70 

28.26 

11.50 

1.0861 

17.22 

17.21 

18.3 

1 . 1444 

28.88 

28.44 

11.75 

: 1.0881 

17.62 

17.61 

18.4 

1,1453 

29.06 

28.61 

12.00 

i 1.0902 

i 18.04 

18.01 

18.5 

1.1462 

29.24 

28.78 

12.25 

1.0922 

18 44 

18.41 

18.6 

1.1471 

29.42 

28.95 

12.50 

1.0943 

18.86 

18.82 

18.7 

1.1480 

29.60 

29.13 

12.75 

1 .0964 

19.28 

19.22 

18.8 

1,1489 

29.78 

29 30 

13.00 

1.0985 

19.70 

! 19.63 

18.9 

1,1498 

29.96 

29.48 

13,25 

1.1006 

20.12 

20.04 

19.0 

1.1508 

30.16 

29.65 

13.50 

1 . 1027 

20.54 

20,45 

19.1 

1.1517 

30.34 

29.83 

13.75 

1.1048 

20.96 

20.86 

19.2 1 

1.1526 

30.52 

30 00 

14.00 

1.1009 

21.38 

21.27 

19.3 

1.1535 

30.70 

30.18 
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HYDROCHLORIC ACID (Continued) 


Degrees 

BAumi. 

Sp. Gr. 

Degrees 

Twaddell. 

Per Cent 
BCl. 

Degrees 

Baume. 

Sp. Gr. 

Degrees 

Twaddell, 

Per Cent 
HCl. 

19.4 

1.1644 

30.88 

30.35 

22.5 

1.1836 

36.72 

36.16 

19.6 

1.1654 

31.08 

30.53 

22.6 

1.1846 

36.92 

36.35 

19,6 

1.1563 

31.26 

30.71 

22.7 

1.1856 

37.12 

36.54 

19.7 

1.1572 

31.44 

30.90 

22.8 

1.1866 

37.32 

36.73 

19.8 

1.1581 

31.62 

31.08 

22.9 

1.1875 

37.50 

36.93 

19.9 

,1.1590 

31.80 

31.27 

23.0 

1.1885 

37-70 

37.14 

20.0 

1 . 1600 

32.00 

31.45 

23.1 

1.1895 

37.90 

37.36 

20.1 

1.1609 

32.18 

31.64 

23.2 

1.1904 

38.08 

37.58 

20.2 

1.1619 

32.38 

31.82 

23.3 

1,1914 

38.28 

37.80 

20.3 

1.1628 

32.56 

32.01 

23,4 

1.1924 

38.48 

38.03 

20.4 

1.1637 

32.74 

32.19 

23.5 

1.1934 

38.68 

38.26 

20.5 

1.1647 

32.94 

32.38 

23.6 

1.1944 

38.88 

38.49 

20.6 

1.1656 

33.12 

32.56 

23.7 

1.1953 

39.06 

38.72 

20.7 

1.1666 

33.32 

32.75 

23.8 

1.1963 

39.26 

38.96 

20.8 

1.1675 

33.50 

32.93 

23.9 

1.1973 

39.46 

39.18 

20.9 

1.1684 

33.08 

33.12 

24.0 

1.1983 

39.66 

39.41 

21.0 

1.1694 

33.88 

33.31 

24.1 

1,1993 

39.86 

39.64 

21.1 

1.1703 

34.06 

33.50 

24.2 

1.2003 

40.06 

39.86 

21.2 

1.1713 

34.26 

33.69 

24.3 

1 2013 

40.26 

40.09 

21.3 

1.1722 

34.44 

33.88 

24.4 

1.2023 

40.46 

40.32 

21.4 

1 1.1732 

1 34.64 

34.07 

24.6 

1.2033 

40.66 

40.55 

21.5 

1.1741 

1 34.82 

34.26 

24.6 

1.2043 

40.86 

: 40.78 

21.6 

1.1751 

35.02 

34.45 

24.7 

1.2063 

41.06 

41.01 

21.7 

1 1.1760 

1 35.20 

34.64 

24.8 

1.2063 

41.26 

1 41.24 

21.8 

1.1770 

35.40 

34.83 

24,9 

1.2073 

41.46 

' 41.48 

21.9 

1.1779 

35.58 

35.02 

25.0 

1.2083 

41.66 

41.72 

22.0 

1.1789 

35.78 

35.21 

25.1 

1 2093 

41.86 

41.99 

22.1 

1.1798 

35.96 

' 35.40 

25.2 

1 2103 

42.06 

42.30 

22.2 

1.1808 

36.16 

i 35.59 

25.3 

1.2114 

42.28 

42.64 

22.3 

1.1817 

36.34 

35.78 

25.4 

1.2124 

42.48 

43.01 

22.4 

1.1827 

36.54 

1 35.97 

25.5 

1.2134 

42.68 

43,40 


Sp, Gr. determinations were made at 60° F,, compared with water at 60° F. 
F^om the Specific Gravities, the corresponding degrees Baum6 were calcu- 
lated by the following formula: Baum^ = 145 " 145/Sp, Gr. 

Atomic weights from F. W, Clarke's table of 1901. 0 = 16. 

ALLOWANCE FOR TEMPERATURE: 

10-15" B6. - 1/40° or .0002 Sp. Gr. for 1° P. 

16-22" B4. - 1/30° BA or .0003 “ “ “ 1° F. 

22- 25" - 1/28" BA or .00035 “ “ “ 1° F. 

Authoritt — W. C. Ferguson. 

This table has been approved and adopted as a Standard by the Manu- 
facturing Chemists’ Association of the United States. 

W. H. Bower, Jas. L. Morgan, 

Henry Howard, Arthur Wyman, 

A. G. Rosengarten, 


New York, May 14, 1903. 


Executive Committee. 
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HYDROCHLORIC ACID 


Specific 

Gravity. 

IS” 

In Vacuo. 

Per Cent 
HCl 

by Weight. 

1 Liter 
con- 
tains 
Grami 
HCl. 

Specific 

Gravity 

in Vacuo. 

Per Cent 
HCl 

by Weight. 

I Liter 
con- 
tains 
Grams 
HCl 

Specific 

Gravity 

4“ 

in Vacuo. 

Per Cent 
HCl 

by Weight. 

I Liter 
con- 
tains 
Grams 
BCI. 

1.000 

0.16 

1.6 

1.075 

15.16 

163 

1.145 

28.6l’ 

328 

1.005 

1.15 

12 

1.080 

16.15 

174 

1.150 

29.57 

340 

1.010 

2.14 

22 

1.085 

17.13 

186 

1.152 

29.95 

345 

1.015 

3.12 

32 

1.090 

18.11 

197 

1.155 

30.55 

353 

1.020 

4.13 

42 

1.095 

19.06 

209 

1.160 

31.52 

366 

1.025 

5.15 

53 

1.100 

20.01 

220 

1.163 

32,10 

373 

1.030 

6.15 

i 64 

1.105 

1 20.97 

i 232 

1.165 

32.49 

379 

1.035 

7.15 

i 74 

1.110 

j 21.92 

i 243 

1.170 ^ 

33.46 ! 

392 

1.040 

8.16 

85 

1.115 

1 22.86 

1 255 

1.171 1 

33.65 

394 

1.045 

9.16 

96 

1.120 

23.82 

267 

1.175 

34.42 ' 

404 

1.050 

10.17 

107 

1.125 

1 24.78 

278 

1.180 ! 

35.39 1 

418 

1.055 

11.18 

118 

1.130 

1 25.75 

291 

1.185 

30.31 

430 

1.060 

12.19 

129 

1.135 

i 26.70 

303 

1.190 

37.23 

443 

1.065 

13.19 

141 

1.140 

27.66 

315 

1.195 

38.16 ! 

456 

1.070 

14.17 

152 

1.1425 

28.14 

322 

1.200 

39.11 

469 


COMPOSITION OF CONSTANT BOILING 
HYDROCHLORIC ACID* 


Pressure mm. of 
Mercury. 

Per Cent of 

HCL 

Grams constant 
boiling distillate 
for 1 mol. HCl. 

770 

20.218 

180.390 

760 i 

20.242 1 

180.170 

750 

20.266 1 

179.960 

740 

20.290 ' 

179.745 

730 1 

20.314 

179.530 


Temperature of constant boiling hydrochloric acid is 108.54® at 763 iiuil 
Specific gravity L0Q620**. 

* Hulett and Bonner, Jour. Am. Chem. Soc. xxxi, 300. 
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ANALYSIS OF HYDROFLUORIC ACID 

The following constituents — hydrolluosilicic, sulfuric and sulfurous acids — 
commonly occurring with hydrofluoric acid, are determined in the analysis, 
along with the hydrofluoric acid, by titration. Generally the acid contains a 
slight residue upon ignition. The titrations are made in presence of KNOa, 
first ice cold, and then completed at 80® C. or more. The cold titration gives 
the hydrofluoric, sulfuric and sulfurous acids and one-third of the hydrofluo- 
silicic acid and upon heating the titration gives the remaining two-thirds of the 
H2SiF6, the following reactions taking place. Titration cold, H2SiF6H-2KN03 
= K2SiF6-f 2HN03( = J HsSiFe). The liberated 2HNO3 requires 2NaOH. 
Titration hot, K2SiF4+4Na0H-4NaF+2KF+Si02+2H20(f H2SiF6). 

The sulfuric acid is determined by titration with NaOH, upon expulsion of 
the accompanying more volatile acids. Sulfurous acid is determined by titra- 
tion with standard iodine. 

Special Apparatus. — Chamber burette graduated from 75 to 100 ml. in 1/20 
ml. as described under the determination of sulfuric acid, oleum, mixed acids, 
etc. 

Platinum Weighing Tube . — Length about 5 cm., diameter 1.4 cm. The 
tube fitted with a platinum cap with a loop top to facilitate removal. 

Brinton, Sarver and Stoppel found that the presence of silica in the NaOH 
causes an error in the titration, hence it is necessary to determine the Si02 in 
the NaOH and apply corrective factor if Si02 is present. Keep reagent in 
ceresin-lined bottles. If SiOs is present, the H2SiF6 will be too high and HF 
too low. Calculate the Si02 in one ml. of the reagent and the total Si02 in 
the total titration (cold) may now be obtained. Multiply the total SiOs by 
2.393 (factor ILSiOs divided by SiOj) and deduct result from HsSiF^ obtained 
for true H2SiF6. Multiply the total SiOs by 1.991 (6HF divided by SiOs) 
and add to the HF results for true HF content. Ref. Brinton, Sarver and 
Stoppel, Ind. Eng, Chem., IS, 1880 (1923). 


DETAILS OF PROCEDURE. TOTAL ACIDITY AND 
HYDROFLUOSILICIC ACID 

A catch weight of the acid is taken by pouring the acid by means of the 
thief or directly from the paraffin bottle into the platinum weighing bottle, such 
a weight being taken as will require a titration of from 75 to 100 ml. of the 
normal caustic solution. (This may be judged by a preliminary run if the 
approximate value is not known.) 

About 10 ml. of a saturated solution of KNO3 is poured into a large platinum 
dish (capacity about 125 ml.), and chipped ice added. About 50 ml. of N/1 
NaOH solution is run in from a burette and three drops of the strong phenol- 
phthalein added. The platinum weighing bottle containing the sample is 
inverted beneath the surface of the caustic, the cover cautiously removed from 
the bottle by means of a heavy platinum wire, so as to allow the acid to mix 
very gradually with the standard NaOH (rapid addition is apt to cause loss of 
acid by fumes). Standard N/1 NaOH is added from the burette until the first 
permanent pink color is obtained. (The end-point will be uncertain and fading 
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unless the solution is kept cold — 0® C.) The reading of the burette is noted — 

total ^ = A, The dish is now placed on a hot plate and the solution 

Wt. of sample 

warmed to about 80® C. and the titration completed with the N/1 NaOH 
solution to a permanent pink. Additional ml, required divided by weight of 
sample = B. 


SULFURIC ACID IN HYDROFLUORIC ACID 

About 5 grams of the sample are weighed in the platinum capsule and trans- 
ferred to a large platinum dish, the capsule being rinsed out into the dish with 
water. The solution is evaporated on the steam bath to small volume (the 
evaporation is assisted by passing a hot current of pure dry air over the sample, 
see method on page 2233), a few drops of water are added and the evaporation 
repeated; no odor should be perceptible, all the hydrofluoric, hydrofluosilicic and 
sulfurous acids being expelled. The sulfuric acid is cooled, taken up with 
100 ml. of C02-free water, three drops of strong phenol phthalein added and the 
acid titrated with N/1 NaOH solution in a 50-ml. burette. The ml. titration 
dmded by the weight of the sample is noted as C. (See calculations at the 
close of the procedure.) 


SULFUROUS ACID IN HYDROFLUORIC ACID 

Ten grams of the sample are weighed in a tared platinum capsule with cover 
and washed into a large platinum dish with about 75 ml. of water, N/10 Iodine 
solution is added to a faint yellow. The end-point is made more distinct by 
addition of a little starch solution near the end of the reaction. 

One ml. of N/10 1=0.0041 g. H2SO3. ml. N/10 I-j-wt. of sample = D. 

Calculation of Results. 

Factors. H2SO4X0,4904 = H2SiFe. 

H2S04X0.4080 = HF. 

One ml. N/10 1 = 0.0041 g. H2SO3. 

Symbols. A = mL NaOH for total acidity (cold)*^wt. of sample. 

B = mL of NaOH addition for H2SiFe (hot)^wt. of sample, 

C = ml. NaOH for H2S04'i-wt. of sample. 

D = ml. N/10 iodine '^wt. of sample. 

Formulae for Calculation. — If E = value of 1 ml. of the standard N/1 caustic 
in terms of H2SO4 then 

Per cent nF= XEX0.408X100 -0.2D: 

Per cent HjSiFs = X E X 0.4904 X 100 ; 

Per cent H2SO4 =CXEX100; 

Per cent HzSOj =DX0.0041X100. 
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Residue. — This is determined by evaporation of 15 to 20 grams of the acid 
in a platinum dish, and gentle ignition of the dry residue. 

Notes and Precautions. — Weighings should be made quickly in covered platinum 
weighing bottles. 

It is advisable to weigh out the sample for the sulfuric acid determination first and 
start the evaporation to facilitate more rapid results. 

Iodine is preferred to permanganate for titration of H2SO3 as the latter also titrates 
organic matter that is apt to occur in the acid. 


COMPLETE ANALYSIS OF NITRIC ACID 

The acidity of nitric acid obtained by titration with standard caustic may be 
due not only to HNO3 but to impurities H2SO4, HCI and low^er oxides of nitro- 
gen, hence for extremely accurate analysis it is essential to look for these 
impurities and make allowances accordingly if they are found to be present. 
Nitric acid may be determined directly by titration with ferrous sulfate accord- 
ing to the procedure given in detail, page 2214; this titration will include 
combined nitrates as well as the free acid, whereas the titration with caustic 
includes only free acids. In addition to the above-mentioned impurities, 
commercial nitric acid frequently contains free chlorine, chlorides, chlorates, 
iodine, iodides, iodates, silica, and suspended solids; the last is reported as 
insoluble residue. In an analysis of nitric acid the impurities, which are knowm 
to be injurious to the art for which the acid is used, are looked for and deter- 
mined if present. 


DETERMINATION OF TOTAL ACIDITY 

As in case of mixed acids and, in fact, all accurate determinations of acids 
with caustic, such an amount of the sample should be taken as will require a 
titration within the limits of the standard chamber burette — 75 to 100 ml. For 
normal caustic this would require 4.726 to 6.3 grams of 100% HNO 3 or a fifth or 
tenth of this amount for N/5 or N/10 NaOH. From the specific gravity of the 
acid its approximate strength can be obtained by referring to the table for 
nitric acid and calculating the volume and approximate w’eight required for 
analysis (see example under Methods of Weighing Acids — Dilute Acids — Non- 
Volatile under Ordinary Conditions, page 2200). 

The acid is weighed in a weighing bottle, or in the Dely tube or Blay-Burk- 
bard pipette, if it is a fuming acid. The titration is made in a casserole, the acid 
being mixed with 150 to 200 ml, of CO 2 free water and titrated in presence of 
pbenolphthalein indicator. (Methyl-orange is destroyed by nitrous acid.) 
The total acidity is expressed in terms of H 2 S 04 if other acids are present. 
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ml. N/1 NaOHX.049043Xl00 
Weight of the sample 

— I)er cent H2SO4 equivalent. H2SO4XI.285 — HNO3. 

, . . . N/1 NaOHX0.063018X100 . ttxt^ 

Direct calculation to HNO 3 . . . — ttt \ =per cent HNOa. 

Weight of the sample 


DETERMINATION OF SULFURIC ACID IN NITRIC ACID 

About 10 grams of the acid are evaporated to dryness on the steam bath. 
The residue is taken up with about 10 ml. of water and the evaporation repeated 
until free from nitric fumes, the residue finally diluted to 100 ml. and the sulfuric 
acid titrated with N/5 NaOH, using phenolphthalein or methyl-orange indi- 
cator. Gravimetrically the acid may be precipitated from a hot solution as 
BaS 04 by addition of barium chloride reagent according to the method for 
determining sulfur. 

One ml. N/5 NaOH -0.009809 gram H2SO4. 

BaS 04 X 0.4202 = H 2 S 04 . Per cent = 100 divided by weight of sample 
XH 2 SO 4 obtained. 


DETERMINATION OF HYDROCHLORIC ACID IN NITRIC 

ACID 

A 5- to 50-gram sample is taken, that is to say, a sufficient amount of the 
acid 80 that a weighable amount of AgCl may be obtained. The sample is 
nearly neutralized with NH 4 OH (it should be slightly acid with HNO 3 ) and a 
slight excess of silver nitrate reagent added to the hot solution; the mixture is 
stirred thoroughly, then allowed to settle for one or two hours. The AgCl is 
filtered through a weighed Gooch crucible containing an asbestos mat, then 
washed, dried and ignited at 130-150° C. (See general method for the de- 
termination of chlorine.) 

Factors. AgCl X0.2474 = Cl. AgCl X 0.2544 = HCl. 

AgCIX0.34212 = equivaIent H 2 SO 4 . 

Find the per cent HCl and the per cent equivalent H 2 S 04 - 


LOWER OXIDES. DETERMINED AS NITROUS ACID 

For practical purposes the lower oxides of nitrogen that may be present in 
nitric acid are calculated to NsOa or HNO 2 . If it is desired to report these as 
N 2 O 4 the conversion factor given below may be used. The lower oxides may be 
obtained by titration with standard permanganate, other reducing agents being 
absent. In presence of organic matter titration with standard iodine solution 
should be made. (See general procedure for determination of nitrous acid, etc.) 

It makes but Uttle difference whether the permanganate is added to the 
sample containing nitrite or the sample added to a measured amount of per- 
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manganate, provided in the first method the titration be made as rapidly as 
possible to prevent oxidation taking place due to dilution of the sample with 
water. The end-point in the first procedure is quicker and sharper. 

Potassium permanganate oxidizes nitrous acid to nitric according to the 
reaction 2KMn04+5HN02+3H2S04 = K2S04+2MnS04-j“5HN03+3H20. 
Therefore 1 ml. of N/1 KMn04 =0.02351 gram HNO2 or 0.019 gram N2O3. 

Twenty-five ml. of the acid are diluted in a casserole to about 300 ml. with 
cold water, and 25 ml. of dilute H2SO4, 1 : 4 added. The solution is titrated 
immediately with N/5 KMn04, the reagent being added rapidly at first and 
finally drop by drop as the end-point is approached. The reaction near the end 
is apt to be slow, so that time must be allowed for complete oxidation. The 
titration is completed when a pink color is obtained, that persists for three 
minutes. 

ml. N/5 KMn04X 0.004702 = gram HNO2. 

1 t • 1 1 100 

The result multiplied by — = per cent. 

wt. sample 

HNO2X 1.0431 ==equivalent H2SO4, 

NITRIC ACID 

From the total acidity expressed as H2SO4 is subtracted the acidity due to 
HCl and HNO2 (lower oxides of nitrogen) expressed in terms of H2SO4, The 
remainder is due to nitric acid, in terms of sulfuric acid. 

H2S04X1.285 = HN03. 


DETERMINATION OF IODINE IN NITRIC ACID 

Fifty ml. of the acid in an Erlenmeyer flask is neutralized with caustic, the 
mixture being cooled in running water during the operation. The solution, 
poured into a separatory funnel, is made acid with dilute H2SO4 and a few 
drops of 1% solution of KNOo added, followed by about 25 ml. of CS2 or CCI4. 
The mixture is shaken to extract the free iodine and the CS2 or CCI4 drawn off 
and the extraction repeated by addition of KNO2 and CSo or CCI4 until all the 
iodine has been extracted. Iodine present as iodide is extracted by this method. 
To obtain the iodine from iodate, H2S water is added and the extraction with 
addition of NaN02 and CS2 repeated. 

The combined extracts are washed in a separatory funnel until free of acid. 
The iodine is now titrated with standard sodium thiosulfate by adding 25 to 
30 ml. of water together with 5 ml. of 1% sodium bicarbonate solution (10 grams 
NaHCOa per liter-hl ml. HCl). 

One ml. N/10 Na2S203 = 0.01269 gram I. 

Reactions. 

2HI-H2KN02+H2S04 = K2S04-b2H20+l2+2N0; 

2Na2S203 -f 1 2 = 2NaI -b NaaSiO*. 
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DETERMINATION OF FREE CHLORINE IN NITRIC ACID 

When a current of pure air is passed into nitric acid containing free chlorine 
the air blows out the chlorine. If air aspirated through a sample of nitric acid 
is passed through a solution of potassium iodide the free chlorine will displace 
the iodine. The liberated iodine may now be titrated with standard sodium 
thiosulfate and the equivalent chlorine calculated. 


TOTAL NON-VOLATILE SOLIDS 

These may be determined by evaporating a large sample of 100 to 200 ml. of 
the nitric acid to dryness. The residue is heated gently to expel the last traces 
of nitric acid and then washed into a platinum dish, again evaporated to dryness 
and ignited to a dull red heat. The residue is due to non-volatile solids. 


FERROUS SULFATE METHOD FOR THE DIRECT 
DETERMINATION OF NITRIC ACID 

Although the test for nitric acid by ferrous sulfate in presence of cone, sul- 
furic acid has long been knowm, the reagent has not been used for an accurate 
quantitative method until F. C. Bowman and W. W. Scott developed the 
procedure herein given. Nitric acid may be determined quantitatively in 
arsenic acid by titration wdth ferrous sulfate containing free sulfuric acid. 
The method is also applicable to the determination of nitric acid in phosphoric 
acid and in sulfuric acid, including oleums •and mixed acids. The reaction in 
phosphoric acid and arsenic acid goes further than it does in sulfuric acid. The 
following equations represent the reactions taking place: 

Reaction in Arsenic or Phosphoric Acids: 

6FeS04-|-2HN0j-|-3H2S04 = 3Fe2(S04)3-h2N0d-4H20. 

Reaction in Sulfuric Acid: 

4FeS04+2HN03+2H2S04 = 2Fe2(S04)3+N20,+3H20. 

Oxidizing agents such as chlorates, iodates, bromates, etc., interfere, owing 
to their oxidizing action on ferrous sulfate, hence these should be absent from 
the sample or allowance made, if appreciable amounts are present. NaCI up to 
0.002 gram does not interfere; larger amounts tend to lower results. KI and KBr 
react in a similar manner to NaCl, 0.002 gram causing no interference. KNO 2 
present in amounts up to 50% of the HNO3 does not interfere. The sample 
should not contain over 25% water, nor should the temperature exceed 60® C. 
during titration. 0.1 to 0.8 gram HNOj are accurately titrated, in sulfuric acid. 

« J. Ind. Eng. Chem., 7, 766 (1916). 
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Special Reagents Required. Standard Ferrous Sulfate. 

A. Reagent to he Used in Titration of Nitric Acid in Sulfuric Acid, Oleum, 
etc. — 176.5 grains of FeS04 -71120 are dissolved in about 400 ml. of water, 
and 500 ml. of about 60% H2SO4 (1 vol. 66® B6. acid per 1 vol. H2O) are added 
with constant stirring, and the solution (cooled if necessary) made up to 1000 ml. 
1 ml. will be equivalent to 0.02 ± gram HNO3, the exact value being determined 
by standardization. 

B. Reagent for Titration of Nitric in Phosphoric or Arsenic Acid. — Ferrous 
sulfate to be used should be made up as follows: 264.7 grams of FeS04 -71120 
is dissolved in 500 ml. of water, 50 ml. of 66"' II2SO4 (93.2%), added and the 
solution made up to 1000 ml. 1 ml. will be equal to approximately 0.02 gram 
HNO3. The exact strength is ascertained by titrating a known amount of 
nitric acid in phosphoric or arsenic acid upon warming to 40° or 50° C. 

Standard Nitric Acid. — The acid should contain about 40 grams of HNO3 
(100%) per liter of solution, c.g., 41 ml. of the desk reagent (sp.gr. 1.42) per 
liter will give the strength desired, the exact value being determined by titration 
of the acid against standard caustic. 

Potassium Bichromate, NjZ ^20^20? Solution. — The exact value in terms 
of iron should be known. 


STANDARDIZATION OF FERROUS SULFATE REAGENT 

1. Titration against Standard Nitric Acid. 

A. Reagent to be Used for Determination of Nitric in Sulfuric Acid. — Ten 
milliliters of the standard HN03 = 0.4=bg. (the exact amount having been ascer- 
tained) is run into 100 ml. of fifU B6. (93.2%) H2SO4, free from oxidizing agents 
(HNO3, etc.) and the resulting mixture titrated with the standard FeS04 solu- 
tion according to the directions given under the General Procedure for determin- 
ing HNO3 in II2SO4, page 2217. 

Weight of lINOs taken divided by ml. of FeS04 minus 0.2 ml.^“ = grams 
HNO3 ml. FeSOi. 

B. Standardization of the Reagent Used in the Determination of Nitric m Ar- 
senic and Phosphoric Acids. — Ten milliliters of the standard HNO3 = 0.4 ± gram 
(the exact amount having been ascertained) is run into 100 ml. of H2ASO4, or 
H3PO4, according to the product to be titrated, the mixture w^armed and 
titrated according to directions given under Procedure for determination of 
HNO3 in arsenic or phosphoric acid. 

Weight of HNO3 taken, divided by ml. FeS04 = grams HNO3 per ml, FeS04. 

2. Standardizing Ferrous Sulfate with Standard Potassium Dichromate. 

A. Reagent to be Used in Determination of NitricinSulfuric Acid.— Twenty- 

five milliliters of N/2 K2Cr207 (or 125 milliliters N/10 K2Cr207) are accurately 
measured out into a 250-ml. beaker and the solution titrated with the FeS04 
reagent, until the fir.st fraction of a drop of excess produces a blue color with 
potassium ferricyanide indicator on a spot plate. Usually between 19 to 20 
ml. are required. The iron value of the dichromate multiplied by 0.5643 = gram 
IINO3 for the total ml. of FeS04 required in the titration. 

An excess of 0.2 ml. FeSOi is required to produce the desired color reaction in 100 
nfi- of pure H3SO4. 
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Calculation. 

Since N/2 K2Cr207 ”0.024517 gram salt, 1 gram K2Cr207 = 1.13882 Fe, there- 
fore 25 ml. = 0.024517Xl. 13882X0.6643X25 = 0.3939 gram HNOj equivalent. 

0.3939 divided by ml. FeSOi required in the titration = grams HNO3 equiv- 
alent per ml. 

B. Reagent to be Used m Determination of HNOz in H^AsOa or — 

Thirty-eight milliliters of KQCrjO? solution are titrated with FeSO< according to 
directions given in A.” The Fe value multiplied by 0.3762 = gram HNOs. 

Calculation. — Thirty-eight milliliters of K2Cr207 = 0.024517 X 1.13882 X 
0.3762X38 = 0.3991 gram HNO3 equivalent, 0.3991 divided by ml. FeS04 
required in the titration = grams HNO3 equivalent per ml. 

Factors. 

KoCraO? to Fe = 1.13882, reciprocal = 0.8781. 

2Fe to HN03 = 0.5643, recip. = 1.7722. 3Fe to HN03 = 0.3762, recip. 
= 2.6582. 

HXO3 to 2FeS04-7H20 = 8.8235 recip. =0.1133. 

HNO3 to 3FeS04-7H20 = 13.2348, recip. = 0.07556. 

K2Cr207 to HN03 = 0.6426, recip. = 1.5562. (Titration of A reagent.) 

K2Cr207 to HN03 = 0.4284, recip. = 2.3342. (Titration of B reagent.) 


GENERAL PROCEDURE. DETERMINATION OF NITRIC ACID 
IN SULFURIC ACID 

The procedure is applicable to the determination of nitric acid, free or 
combined as nitrate, sulfuric acid being used as the medium in which the 
titration is made. Although 0.1 to 0.8 gram HNO3 may be accurately titrated, 
it is a general practice to have the nitric acid content of the sample taken for 
the titration about the same as the amount taken in standardization of the 
reS04 reagent. A preliminary run on the original material is made, if the 
approximate nitric acid content is not known. Solids are dissolved in water 
and made to the dc.sired volume, strong HNO3 is diluted with water. In either 
case the dilution should be such that 10 ml. of the solution will contain approxi- 
mately 0.4 gram HNO3. Mixed acids and oleum containing over 10% HNO3 
should be mixed with additional 66° B4. (93 + per cent H2SO4) and made to a 
definite volume, an aliquot part being taken for titration. 


EVALUATION OF NITRIC ACID OR NITRATES 

If the nitric acid is known to be free of other acids it may be titrated directly 
with caustic; combined nitrate cannot be titrated with caustic, but may be 
accurately determined by the ferrous sulfate method. The approximate 
strength of the HNO3 or salt having been determined on 1 ml. or 1 gram sample 
(if the material is a solid) , the requisite amount is weighed and made to volume, 
10 ml. of which should contain not more than 0.8 gram or less than 0.1 gram 
HNO3, preferably about 0.4 gram. 

Example. — Suppose 1 ml. required a titration of 43.8 ml. FeS04, 10 ml. 
would require a titration of 438 ml., whereas 20 ml. is desired. 438 divided 
by 20 = approximately 22, e.g., the dilution should be to 22 volumes. 23 ml. 
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of the solution diluted to 500 ml. will give a mixture of the desired strength. 
23 ml. are accordingly weighed in a weighing bottle, the acid washed into a 
beaker transferred then to the graduated 500-mI. flask and made to volume. 
The preliminary run may be made in two or three minutes. 

Titration. — A 250-ml. beaker containing 100 ml. of concentrated, nitric free, 
H2SO4 (93+%) is placed in a large casserole or deep porcelain dish containing 
cold water. 10 ml. of the sample are measured out in an accurately marked 
pipette, graduated to contain exactly 10 ml. The solution is run under the 
surface of th^ sulfuric acid, the delivery tip of the pipette being kept in constant 
circular motion to prevent too much local heating. Since the sides of the 
beaker are cooled, the tip of the pipette should be kept against the sides in 
the circular sweep during the delivery. By this procedure loss of nitric acid is 
reduced to the minimum. 

The ferrous sulfate solution is now added from a burette in a fine stream 
until the yellow color that first forms takes on a faint brownish tinge (dirty 
yellow). The pipette is now rinsed out by sucking up the mixture and draining 
it back into the beaker. The titration is now completed, adding the FeS04 
cautiously drop by drop until the yellowish brown color again appears, a drop 
in excess producing an appreciable darkening of the solution. A larger excess 
produces a brownish red color. With small amounts of HNO3 a pink color 
will be obtained, instead of the yellowish brown. The end-point once recog- 
nized is readily duplicated. 

Calculation. — The ml. titration minus the blank 0.2 ml. multiplied by the 
factor for FeS04 = weight of HNO3. HNOsXlOO^wt. = per cent. 

Example. — Suppose 10 ml. equivalent to 1/50 of a 42-g. sample weighed, 
requires 22 ml. FeS04 whose value = 0.02 g. HNO3 per ml., then (0,44 X 100) /0.84 
= 52.4% HNO3. 


DETERMINATION OF NITRIC ACID IN OLEUM OR IN 
MIXED ACIDS, FERROUS SULFATE METHOD 

The rapidity and accuracy of the method for determining HNO3 in sulfuric 
acid makes it valuable for determining nitric acid in oleums and mixed acids. 
Nitrated oleums may be weighed and titrated without diluting to definite 
volume. Mixed acids containing large percentages of nitric acid, however, 
require dilution with H2SO4, as stated under General Procedure. 

Procedure. — The sample may be weighed in a Dely weighing tube (see 
analysis of oleum and mixed acids), or in a standard pipette (5 ml. generally 
taken = 9.61 grams). If the latter is used, the sample is sucked into the pipette, 
a rubber tube, with glass bead valve, being attached to the upper end, to which 
Suction is applied without danger of drawing SO3 fumes into the mouth. A 
little vaseline placed on the tip of the pipette prevents loss of acid during the 
weighing. In routine analysis, where a large number of daily samples of oleum 
are analyzed, and the specific gravity of the oleum does not vary appreciably, 
S- to 10-ml. samples may be drawn out, by means of a pipette, and titrated 
without weighing, the weight being calculated from the gravity. 

The acid is run under cold concentrated H2SO4 (93%), and titrated accord- 
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ing to directions under General Procedure for Nitric Acid. A blank of 0.2 ml,^* 
having been deducted, ml. FeSOiXHNOs factor for FeS 04 X 100 divided by 
wt. taken = per cent HNO 3 . 

Correction Factor. — In making a number of runs with varying amounts of 
HNO3, it was found that small quantities of nitric acid required a proportion- 
ally greater amount of FeS 04 than larger quantities of HNO3. For example, 
0.07392 gram HNO3 required 3.9 ml. FeS 04 , four times the amount of HNO3 
required 15 ml. FeS 04 , in place of 15.6 (3.9X4), and six times 0.07392 gram 
HNO3 required 22.5 ml. FeS 04 in place of 23.4. It was observed that even 
traces of HNO3 required a titration of over 0.2 ml. It is evident that a deduc- 
tion of 0.2 ml. makes the titrations multiples of the lowest, e.g., 3.7, 14.8 and 
22.3. Again it was found that standardization of FeS04 with HNO3 checked 
the dichromate factor when 0.2 ml. was deducted from the first series of titra- 
tions. This led to the conclusion that a constant blank of 0.2 ml. should be 
deducted from the ferrous sulfate titrations of nitric acid in presence of 100 ml. 
of nitric free sulfuric acid (66° B6.). 

Comparison of results; 

FeSOi value by HNOj corrected = 0.02067 gram. Uncorrected— 0.02045 gram 
HNO3. 

F^Oi value by KaCrjOT titration — 0.02083 gram HNO3. 

Accuracy of the Ferrous Sulfate Method. — Results obtained by the ferrous 
sulfate method agree closely with those obtained by the nitrometer. The 
following data were obtained by Mr. B. S. Clark, by the FeS 04 method, on 
nitrated oleums. The figures below the first row^ are checks obtained on these 
samples by purchasers of the acid, the nitrometer method being used. 

FeSO* method. 2.40; 2.82; 3.23; 3.3.5; 3.52; 3.50; 3.48; 3.57; 3.53; 3.56. 

Nitrometer method. 2.35; 2.79; 3.26; 3.39; 3.57; 3.53; 3.50; 3.58; 3.57; 3.5C. 

Difference. 0.05; 0.03; 0.03; 0.04; 0.05; 0.03; 0.02; 0.01; 0.04; 0.00. 

DETERMINATION OF NITRIC ACID IN ARSENIC AND PHOS- 
PHORIC ACIDS BY THE FERROUS SULFATE METHOD 

A direct procedure for the determination of nitric acid in arsenic acid or 
phosphoric acid has been sought on account of the inaccuracy of the evaporation 
method, since it is difficult to completely expel HNO3 from these acids. Ferrous 
sulfate, in presence of sulfuric acid, quantitatively titrates nitric in arsenic acid, 
the following reaction taking place: 

6FeS04+2HN03+3H2S04-|-xH3As04-3Fe2(S04)34-2NO+4H20-fxH3As04. 

The procedure is applicable to the determination of nitric acid in phosphoric 
acid, the end-point being sharper in this acid than in arsenic. The procedure 
gives very excellent results in either acid and is recommended for accuracy and 
rapidity. 

^ Back titrations of the excess of FeS 04 may be made with standard KaCrjOr, using 
the ferricyanide spot test for ferrous iron. 

Sp.gr. of twelve avera^ samples of oleum had a difference of only 0.01. 5 nJ. 
weighs 9.61 grams. This is found convenient for analysis. 10 ml. = 19.22 grams will 
usually give a titration of about 20+ml. on the usual nitrated oleum. 
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Standardization of Ferrous Sulfate has already been given under special 
reagents. It must be remembered that the arsenic or phosphoric acid diluents 
should be free from nitric acid or the blank on 100 ml. be ascertained and de- 
ducted from titrations made in this diluent. 

Procedure. — The amount of the sample to be taken is governed by the nitric 
acid present as an impurity. This may be quickly determined by a preliminary 
run on a lO-ml. sample, the diluent being the same acid (HNO 3 free) as the acid 
titrated. 

Example. — Suppose 10 ml. require a titration of 4.5 ml. of FeS 04 , whereas a 
titration of 2o ml. is desired, then 20X10-^-4.5 = 44,44 ml. of the sample re- 
quired. 

The required amount of the acid is measured out and weighed, if its sp.gr. is 
not known. The acid is poured into a 4-in. casserole and diluted with 100 ml. 
of nitric free acid of the same kind as that being titrated. The mixture is 
gently warmed to 40 to 50° C. and titrated with standard ferrous sulfate reagent 
to a permanent yellowish brown. Towards the end of the titration the acid will 
boil with each addition of the FeS 04 and the characteristic reddish yellow fumes 
will be given off. (This does not occur in titrations of HNO3 in 112804 .) 

When very small amounts of nitric acid are present it is often necessary to 
add a known amount of HNO 3 to start the reaction. The titration in excess of 
that required by the added HNO3 is due to the nitric acid in the sample. Very 
small amounts of HNO3 produce a pink color. 

Calculation ml. FeS 04 XHX 03 factor for FeSO 4 Xl 00 divided by weight taken 

- % HNO3. 


Factors. Fe to HNO 3 = 0.37(32. Reciprocal = 2.6582. 

Note. — In a 20-gram sample 1 ml. 0.02 reagent = 0.1% per ml. 


DETERMINATION OF NITROUS ACID OR NITRITE 
PERMANGANATE METHOD 

Principle. — Potassium permanganate reacts with nitrous acid or a nitrite 
as follows: 

5N2O3+4KMnO4-b0H.SO4 = 5N2O6+2K2SO4+4MnSO4+6H2O. 

5HN02+2KMn04-f3H2S04 = 5HN03-fK2S04+2MnS04+3n20. 

Details of the general procedure for nitrites is given on page 653, Vol. I. 
Nitrous acid in nitric acid may be determined as stated on page 2212 . Lower 
oxides of nitrogen in mixed acids are determined as outlined on page 2234, 
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NITRIC ACID 
By W. C. Ferguson 


Decrees 

Baume. 

Sp. Gr. 

60 °'* 

Decrees 

Twaddell. 

Per Cent 
HNO,. 

Decrees 

BaumS. 

Sp. Gf. 

6oP 

Decrsss 

Twaddell. 

Per Cent 
ENOs. 

10 00 

1 .0741 

14.82 

12.86 

21.25 

1.1718 

34 36 

28.02 

10.25 

1 0761 

15.22 

13.18 

21,50 

1 1741 

34 82 

28.36 

10.50 

1 .0781 

15.62 

13.49 

21.75 

1 . 1765 

35.30 

28.72 

10.75 

1.0801 

16.02 

13.81 

22.00 

1 . 1789 

35,78 

29.07 

11.00 

1 0821 

16.42 

14.13 

22.25 

1.1813 

36 26 

^ 29.43 

11.25 

1 .0841 

16.82 

14.44 

22.50 

1.1837 

36.74 

29 78 

11.50 

1 .0861 

17.22 

14.76 

22.75 

1.1861 

37.22 

30.14 

11.75 

1.0881 

17.62 

15 07 

23.00 

1.1885 

37.70 

30.49 

12.00 

1.0902 

18.04 

15 41 

23.25 

1-1910 

38.20 

30.86 

12.25 

1.0922 

18.44 

15.72 

23.50 

1 . 1934 

38.68 

31,21 

12.50 

1.0943 

18.86 

10.05 

23.75 

1.1959 

39,18 

31.58 

12.75 

1.0964 

19 28 

16,39 

24.00 

1 . 1983 

39.68 

31.94 

13 00 

1.0985 

19 70 

16.72 

24.25 

1.2008 

40.16 

32.31 

13.25 

1.1006 

20 12 

17.05 

24.50 

1.2033 

40 66 

32.68 

13.50 

1.1027 

20 54 

17 38 

24.75 

1 2058 

41,16 

33 05 

13.75 

1 . 1048 

20 96 

17.71 

25.00 

1.2083 

41 .66 

33.42 

14,00 

1 . 1069 

21.38 

18 04 

25.25 

1.2109 

42.18 

33.80 

14.25 

1 . 1090 

21.80 

18 37 

25.50 

1 2134 

42 68 

34.17 

14 50 

1.1111 

22.22 

18.70 

25.75 

1 2160 

43.20 

34.56 

14.75 

1.1132 

22,64 

19.02 

26.00 

1 2185 

43.70 

34.94 

15.00 

1 1154 

23.08 

19.36 

26.25 

1.2211 

44.22 

35.33 

15.25 

1 .1176 

23.52 

19.70 

26.. 50 

1.2236 

44.72 

35.70 

15.50 

1.1197 

23.94 

20.02 

26-75 

1.2262 

45.24 

36 09 

15.75 1 

1.1219 

24.38 

20.36 

27.00 

1.2288 

45.76 

; 36.48 

16.00 1 

1.1240 

24.80 

20.69 

27.25 

; 1.2314 

46.28 

36 87 

16.25 

1.1262 

25.24 

21.03 

27.50 

1 1,2340 

46.80 

37 26 

16.50 ' 

1.1284 

25,68 

21.36 

27.75 

1 2367 

47.34 

37.67 

16.75 

1.1306 

26.12 

21.70 

28.00 

1 .2393 

47.86 

38.06 

17 00 

1.1328 

26.56 

22 04 

28.25 

1 2420 

48.40 

38 46 

17.25 

1.1350 

27.00 

22,38 

28.50 

1.2446 

48.92 

38.85 

17.50 

1.1373 

27.46 

22.74 

28.75 

1 2473 

49.46 

39.26 

17.75 

1.1395 

27.90 

23.08 

29.00 

1.2500 

50.00 

39 66 

18.00 

1.1417 

28.34 

23,42 

29.25 

1.2527 

50.54 

40.06 

18.25 

1.1440 

28.80 

23.77 

29.50 

1.2554 

51.08 

40.47 

18.50 

1.1462 

29.24 

24.11 

29 .75 ' 

1.2582 

51.64 ' 

40.89 

18.75 

1.1485 

29.70 

1 24.47 

30.00 

1.2609 

52.18 

41 30 

19.00 

1.1508 

30.16 

24.82 

30.25 

1,2637 

52 74 

41 72 

19.25 

1.1531 

30.62 

25.18 

30.50 

1.2664 

63 28 

42 14 

19.50 

1.1554 

31.08 

25.53 

30 75 ' 

1.2692 

53.84 

42 58 

19.75 

1.1577 

31.54 

25.88 

31.00 

1.2719 

54.38 

43 00 

20.00 

1 . 16C0 

32.00 

26,24 

31.25 

1,2747 

54.94 

43.44 

20.25 

1.1624 

32.48 

26.61 

31.50 

1.2775 

65.60 

43 89 

20.50 

1.1647 

32.94 

26.96 

31.75 

1.2804 

66.08 

44 34 

20.75 

1 1.1671 

33.42 

27.33 

32 00 

1 2832 

56.64 

44.78 

21.00 

1.1694 

33.88 

27.67 

32.25 

1 . 2S61 

67.22 

45.24 
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Decrees 

Baum^. 

Sp. Gr. 
** 
60 °^' 

Begrees 

Twaddell. 

Per Cent 
HNOv 

Degrees 

Baumd. 

Sp. Gr. 

5?!f. 

6o“ 

Degrees 

Twaddell. 

Per Cent 
HBO,. 

32.50 

1.2889 

57.78 

45.68 

40.75 

1.3909 

78.18 

63.48 

32.75 

1.2918 

58.36 

46.14 

41.00 

1.3942 

78.84 

64.20 

33.00 

1.2946 

58.92 

46.58 

41.25 

1.3976 

79.52 

64.93 

33.25 

1.2975 

59.50 

47.04 

41.50 

1.4010 

80.20 

65.67 

33.50 

1.3004 

60.08 

47.49 

41.75 

1.4044 

80.88 

66.42 

33.75 

1.3034 

60.68 

47.95 

42.00 

1.4078 

81,56 

67.18 

34.00* 

1.3063 

61.26 

48.42 

42.25 

1.4112 

82.24 

67.95 

34.25 

1.3093 

61.86 

48.90 

42.50 

1.4146 

82.92 

68.73 

34.50 

1.3122 

62.44 

49.35 

42.75 

1.4181 

83.62 

69.52 

34.75 

1,3152 

63.04 

49.83 

43.00 

1.4216 

84.32 

70.33 

35.00 

1.3182 

63.64 

50.32 

43.25 

1.4251 

85.02 

71.15 

35.25 

1.3212 

64.24 

50.81 

43.50 

1.4286 

85.72 

71.98 

35.50 

1.3242 

64.84 

51.30 

43.75 

1.4321 

86.42 

72.82 

35.75 

1.3273 

65.46 

51.80 

44.00 

1.4356 

87.12 

73.67 

36.00 

1.3303 

66.06 

52.30 

44.25 

1.4392 

87.84 

74.53 

36.25 

1.3334 

66,68 

52.81 

44.50 

1.4428 

88.56 

75.40 

36.50 

1,3364 

67.28 

53.32 

44.75 

1.4464 

89.28 

76.28 

36.75 

1.3395 

67.90 

53.84 

45.00 

1.4500 

90.00 

77.17 

37.00 

1.3426 

I 68.52 

54.36 

45.25 

1.4536 

90.72 

78.07 

37.25 

1.3457 

69.14 

54.89 

45.50 

1.4573 

91.46 

70.03 

37.50 

1.3488 

i 69.76 

55.43 

45.75 

1.4610 

92.20 

80.04 

37.75 

1.3520 

S 70.40 

55.97 

46.00 

1.4646 

; 92.92 

81.08 

38.00 

1.3551 

71.02 

56.52 

46.25 

1.4684 

i 93.68 

82.18 

38.25 

1.3583 

71.66 

57.08 

46.60 

1.4721 

94.42 

83.33 

38.50 

1.3615 

72.30 

57.65 

46.75 

1.4758 

95.16 

84.48 

38.75 

1.3647 

72.94 

58.23 

47.00 

1.4796 

! 95.92 

85.70 

39.00 

1.3679 

73.58 

68.82 

47.25 

, 1.4834 

96.68 

86.98 

89.25 

1.3712 

74.24 

59.43 

47.50 

1.4872 

97.44 

88.32 

39.50 

1.3744 

74.88 

60.06 

47.75 

1.4910 

98.20 

89 76 

39.75 

1.3777 

75.54 

60.71 

48.00 

1 1.4948 

98.96 

91.35 

40.00 

1.3810 

76.20 

61.38 

48.25 

1.4987 

99.74 

93.13 

40.25 

1.3843 

76.86 

62.07 

48.50 ! 

1.5026 

100.52 

95.11 

40.50 

1.3876 

77.52 

62,77 






Specific Gravity determinations were made at ^ F., compared with water at 60“ F. 
From the Specific Gravities, the corresponding degrees Baum6 were calculated by the 
following formula ; ^ 145 

Baum6 = 145 — - • 

Sp. Gr. 

Bauni6 Hydrometers for use with this table must be graduated by the above formula, 
which formula should always be printed on the scale. 

Atomio weights from F. W. Clarke’s table of 1901. 0 = 16. 

ALLOWANCE FOR TEMPERATURE: 

Atl0“ — 20® — 1/30“ BA or .00029 Sp. Qr. = 1® F. 

20® — 30® BA — 1/13® BA or .00044 “ “ = 1“ F. 

30® — 40® BA — i/20® BA or .00060 “ “ = I® F. 

40® — 48A“ BA— 1/17®BA or .OOO&t “ “ = I" P. 

Authority — W. C. Ferouson. 

This Uble hw been approved and adopted as a Standard by the Manufacturing Chemists 
Aaaoclation of the United States, _ 

W. H. BOWER, JAS. L. MORGAN, 

HENRY HOWARD, ARTHUR WYMAN, 

New York, May 14, 1905. A. G. B08ENGARTEN, Executive Caamintt 
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NITRIC ACID 
LtiNGE AND Ret 


Specific 

Gravity 

15 *^ 

4° 

in vacuo 

100 parts by weight 
contain 

1 liter con- 
tains grams 

Specific 

Gravity 

15° 

. 4° 

In vacuo 

100 parts by weight 
contain 

I liter con- 
tains grams 

TljOj 

% 

HJOs 

Ws 

HNO3 

% 

N,0, 

% 

HI«Os 


HUOj 

1.000 

0.08 

0.10 

1 

1 

1.195 

27.10 

31.62 

324 

378 

1.005 

0.85 

1.00 

8 

10 

1.200 

27.74 

32.36 

333 

388 

1.010 

1.62 

1.90 

16 

19 

1.205 

28.36 

33.09 

342 

309 

1.015 

2.39 

2.80 

24 

28 

1.210 

28.99 

33.82 

351 

409 

1.020 

3.17 

3.70 

33 

38 

1.215 

29.61 

34.55 

360 

420 

1.025 

3.94 

4.60 

40 

47 

1.220 

30.24 

35.28 

369 

430 

1.030 

4.71 

5.50 

49 

57 

1.225 

30.88 

36.03 

378 

441 

1.035 

5.47 

6.38 

57 

66 

1.230 

31.53 

36.78 

387 

452 

1.040 

6.22 

7.26 

64 

75 

1.235 

32.17 

37.53 

397 

463 

1.045 

6.97 

8.13 

73 

85 

1.240 

32.82 

38.29 

407 

475 

1.050 

7.71 

8.99 

81 

94 

1.245 

33.47 

39.05 

417 

486 

1.055 

8.43 

9.84 

89 

104 

1.250 

34.13 

39.82 

427 

498 

1.060 

9.15 

10.68 

97 

113 

1.255 

34.78 

40.68 

437 

509 

1.065 

9.87 

11.51 

105 

123 

1.260 

35.44 

41.34 

447 

521 

1.070 

10.57 

12.33 

113 

132 

1.265 

36.09 

42.10 

457 

533 

1.075 

11.27 

13.15 

121 

141 

1.270 

36.75 

42.87 

467 

544 

1.080 

11.96 

13.95 

129 

151 

1.275 

37.41 

43.04 

477 

556 

1.085 

12.64 

14.74 

137 

160 

1.280 

38,07 

44.41 

487 

568 

1.090 

13.31 

15.53 

145 

169 

1.285 

38.73 

45.18 

498 

581 

1.095 

13.99 

16.32 

153 

179 

1.290 i 

39.39 

45.95 

508 

593 

1.100 

14.67 

17.11 

161 

188 

1.295 

40.05 

46.72 

519 

605 

1.105 

15.34 

17.89 

170 

198 

1.300 1 

40.71 I 

47.49 

529 

617 

1,110 

16.00 , 

18.67 

177 

207 

1.305 1 

41.37 1 

48.26 

540 

630 

1.115 

16.67 

19.45 ' 

186 

217 

1.310 ' 

42.06 ■ 

49.07 

551 

643 

1.120 

17.34 

20.23 

195 

227 

1.315 

42.76 

49.89 

.562 

656 

1.125 

1 18.00 

21.00 

202 1 

236 

1.320 

43.47 

50.71 

573 

669 

1.130 

j 18.66 

21.77 

211 ' 

246 

1.325 

44.17 

51.53 

585 

683 

1.135 

19.32 

22.54 

219 1 

256 

1.330 

44.89 

52.37 

597 

697 

1.140 

19.98 

23.31 

228 ' 

266 

1.3325 

45.26 

52,80 

603 

704 

1.145 

20.64 

24,08 

237 

276 

1.335 

45.02 

53.22 

609 

710 

1.150 

21.29 

24.84 

245 

286 

1.340 

46.35 

54.07 

621 

725 

1.155 

21.94 

25.60 

254 

296 

1.345 

47.08 

54.93 

633 

739 

1.160 

1 22.60 

26.36 

262 

306 

1.350 

47.82 ■ 

55.79 

645 

753 

1.165 

1 23 25 

27.12 

271 

316 

1.355 

48.57 

56,66 

658 

768 

1.170 

23.90 

27.88 

279 

326 

1.360 

49.35 

57.57 

671 

783 

1.175 

24.54 

28.63 

286 

336 

1.365 

50.13 

58.48 

684 

798 

1.180 

25.18 

29.38 

i 297 

347 

1.370 

50.91 

59.39 

698 

814 

1.185 

25.83 

30.13 

306 

357 

1.375 

51.69 

60.30 

711 

829 

1.190 

, 26.47 

30.88 

315 

367 

1.380 

52.52 

i 61.27 

725 

1 

846 
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NITRIC ACID (Continued) 


Specific 

Gravity 

i£ 

In vacuo 

loo parts by weight 
contain 

I liter con- 
, tains grams 

Specific 
Gravity 
T50 
. 4° 

in vacuo 

loo parts by weight 
contain 

I liter con- 
tains grams 

% 

N.Oj 

% 

HNO, 


hno, 

% 

NjOfl 

% 

WjOa 

HNO, 

1.3833 

53.08 

61.92 

735 

857 

1.495 

78.52 

91.60 

1174 

1369 

1.385 

, 53.35 

62.24 

739 

862 

1.500 

80.65 

94.09 

1210 

1411 

1.390 

54.20 

63 23 

753 

879 

1.501 

81.09 

94.60 

1217 

1420 

1.395 

55.07 

64.25 

768 

896 

1.502 

81.60 

95,08 

1224 

1428 

1.400 

55.97 

65.30 

783 

914 

1.503 

81.91 

95.55 

1231 

1436 

1.405 

56.92 

66.40 

800 

933 

1.504 

82.29 

96.00 

1238 

1444 

1.410 

57.86 

67.50 

816 

952 

1.505 

82.63 

96.39 

1244 

1451 

1.415 

58,83 

68.63 

832 

971 

1.506 

82.94 

96.76 

1249 

1457 

1.420 

59.83 

69,80 

849 

901 

1.507 

83.26 

97.13 

1255 

1464 

1.425 

60.84 

70.98 

867 

1011 

1.508 

83.58 

97.50 

1260 

1470 

1.430 

61.86 

1 72.17 

885 

1032 

1,509 

83.87 

, 97.84 

1265 

1476 

1.435 

62.91 

73.39 

903 

1053 

1.510 

84.09 

98.10 

1270 

1481 

1.440 

64.01 

74.68 

921 

1075 

1.511 

84.28 

98.32 

1274 

1486 

1.445 

65.13 

75.98 

941 

1098 

1.512 

84.46 

98.53 

1277 

1490 

1.450 

j 66.24 

77.28 

961 

1121 

1.513 

84.63 

98.73 

1280 

1494 

1.455 

67.38 

78.00 

981 

1144 

1.514 

84.78 

98.90 

1283 

1497 

1.460 

68.56 

79.98 

1001 

1168 

1.515 

84.92 

99.07 

1287 

1501 

1.465 

69.79 

81.42 ! 

1023 

1193 

1.516 

85.04 ' 

99.21 

1289 

1504 

1.470 

71.06 

82.90 1 

1045 

1219 

1.517 

85.15 

99.34 

1292 

1507 

1.475 

72.39 

84.45 

1068 

1246 

1.518 

85.26 

99.46 

1294 

1510 

1.480 

73.76 

86.05 

1092 

1274 

1.519 

85,35 

99.57 

1296 

1512 

1,485 

75.18 

87.70 

1116 

1302 

1.520 

85.44 

99.67 

1299 

1515 

1.490 

76.80 

89.60 

1144 

1335 
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VOLUMETRIC DETERMINATION OF PHOSPHORIC ACID AND 
ITS SALTS (METHOD OF SMITH) 

In titrating free phosphoric acid it must be borne in mind that NaH2P04 
reacts acid to phenolphthalein and neutral to methyl orange, while Na2HP04 is 
neutral to phenolphthalein and basic to methyl orange. The reactions are 
shown as follows: 


H3P04+2Na0H = 2H20+Na2HP04 (neutral to P. acid to M. 0 .). 

H3P04 = Na 0 H = NaH2P04 — H20;l~NaH2P04 (neutral to M.O. acid to P). 

J. H. Smith outlines the following process for analysis of phosphoric acid 
free and combined : 

Procedure. — Take five or six grams of the material and dissolve in the 
minimum quantity of distilled water. Add two drops of phenolphthalein. If 
the solution is not colored pink by the indicator the absence of trisodium 
phosphate (Na3P04) and sodium carbonate (Na2C03) may be assumed. Heat 
to 55 ° C. and titrate with N/1 NaOH to the characteristic pink end-point, being 
particularly careful to keep the temperature at 55 ° C. when near the end- 
point. This precaution should be observed in all the titrations as the tempera- 
ture governs the accuracy of the titrations (see paper by Smith). 

Record this titration as A ” and the ml. NaOH required as (a). 

The solution is now titrated back with N/1 HCl, using a few drops of methyl 
orange as indicator, to the pink end-point. 

Record this titration as “ B ” and the ml. acid required as (6). 

Calculation of the Composition.- — If the solution contains only Na2HP04 
-|-NaH2P04 or NaH2p04+H3p04 or only one of these compounds we may 
assume the following: 

If (a) is greater than ( 5 ) 

(a) —(b) =mh equivalent of N/1 H3PO4, 

( 5 ) =ml. equivalent of N /1 NaH2p04. 


If (b) is greater than (a) 


If (a) = (6) 
If (a) = 2 ( 5 ) 


(b)--(a)=Na2HP04, 

(a) = NaH2P04. 

Each titration = NaH2p04 present. 
Only H3PO4 is present. 


To Ascertain the Presence of Other Salts. — Add N/1 HCI (ml. HCl the 
same as ml. in titration R). Call this {h'). Boil for at least 15 minutes. By 
this procedure metaphosphoric acid or its salts is converted to the ortho- 
phosphate form, alkaline salts containing carbonates are destroyed and CO2 
evolved. Cool the solution to 55 ° C. and titrate back with N/1 NaOH first to 
B point in which (b") ml. of alkali is used, and finally to third end-point (C), 
where the phenolphthalein pink color is reached. The ml. N/1 NaOH required 
is recorded as (c). 
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In titrating back after boiling, the (6") amount of alkali required to reach 
the methyl orange point where the pink coloration just appears should always 
be the same amount as the (6') excess of acid added for boiling (except in the 
case of polyphosphates being present-see paper). A slight loss of HCl during 
boiling may cause (6") to be less than (6'). In any case it is preferable to 
consider the point reached after addition of the {b") quantity of alkali as the 
identical point with so that (6^) and {b'^) are not used in the calculation, but 
simply employed as a comparative check on each other. 

If the C ” point coincides with the “ A point, i.e., if (c) = (h) metaphos- 
phoric acidfand its salts as well as carbonates in the original substances are 
excluded. 

If (c) is greater than (b) the presence of metaphosphates is indicated. 

If (c) is less than (6) carbonates are evidently present. 

With the aid of the three fixed points “ A," “ B”‘‘ C ” and the amounts of 
acid or alkali required to reach them, i.e., (a), (b) and (c) it is possible to calcu- 
late the percentages of practically all the phosphoric acids and their salts, which 
may exist together in a compound, including the carbonates and the free alkali, 
which may be present with them. 


CALCULATION OF CONSTITUENTS IN A MIXTURE OF 
PHOSPHATES 

If (a) is greater than {b) 

(a) -(5) = H3P0n 2(6)-(a) = NaH2P04, (c) -(6) =NaP03 (generally nil). 
If (a) is greater than 2(b) 

Then (a) —2(6) = measure of metaphosphoric acid or the foreign acid 
present. 

If (a) is less than (6) 

(а) is the measure of XaH2P04, {b) — (a) =Na2HP04, 

(c) — (6) = NaPOs (usually nil). 

With alkaline salts C ” coincides with “A,” i.e., when no carbonate is 
present. 

If (a) is less than (6) then 

(a) is a measure of Na3P04, [h] — (a) =Na2HP04. 

Where (c) is less than (6), i.e., when carbonate is present. 

If (a) is less than (6) 

(a) + (c) - (6) = Na3P04, (6) - (a) = Na2HP04, (6) - (c) - NasCOj. 

Where no carbonate is present and (a) is greater than (6). 

(6) = Na3P04, § (a “ = NasO. 

Where carbonate is present and (a) is greater than (6) 

(б) -(c)=Na 2 C 03 , (c) = Na3P04, i(a-6)-Na20. 

In calculating the weight of constituents from the above formulae, since 
normal solutions are used in the titrations each ml. is equivalent to molecular 
weights divided by 1/1000. In case of NasCOs and Na20 the absolute weights 
are 1/2000 of the respective molecular weights. 

J. H. Smith, Soc. Chem. Ind., 36, 415 (1917). 
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Formulae Mol. Wt. 


1 ml. Equivalent of 

Titration Formulae Mol. Wt. 


1 ml. Equivalent of 
Titration 


H 3 PO 4 98.U 

NaHsPO*. 120.05 
NasHPOi. 142.05 
Na,P04... 164.04 


0.09814 g. NaPOa.... 80.05 

0.12005 NajCOs... 106.01 

0.14205 NajO 62.00 

0.16404 


0.08005 g. 

0.053005 

0.031 


With water of crystallization NaH 2 P 04 -H 20 = 138.07, NaH 2 p 04 - 2 H 20 
= 156.09, Na2HP04-12H20 = 358.24, Na3PO4-12H2O = 380.23, NazCOg-lOHaO 
= 286.17, Na2C05-H20 = 124.02. 


Notes. — In presence of meta or pyro acids and their salts it is well* to verify the 
results \\ith qualitative tests, When pyro acid is present point ‘M’’ is obscured and 
lies much nearer “B," but the correct “A” point is "C” obtained after boiling with 
the excess acid. 

In presence of metaphosphate it is advisable to repeat titrations employing N/1 
H 2 SO 4 and evaporating to near dryness to completely convert the meta to ortho com- 
pound. 

Phosphates attack glas.s combining with the alkali present. The presence of NaCl 
obtained in the titrations counteracts this action. 
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PHOSPHORIC ACID AT 17.5° 


Specific 

Gravity. 

Per 

Ceat. 

PA. 

Per Cent. 
H,P04. 

Specific 

Gravity, 

Per 

Ceat. 

PjOs. 

Per Cent. 
HjPO*. 

Specific 

Gravity. 

Per 

Ceot. 

P,0*. 

Per Cent. 
H,P04. 

1.809 

j 68.0 

93.67 

1 . 4 G 2 

46.0 

63 37 

1 . 

208 

24.0 

33 06 

1.800 

67.5 

92.99 

1.455 

45.5 

, 62.68 

1 . 

203 

23.5 

32.37 

1.792 

1 67.0 

92.30 

1.448 

45.0 

61.99 

1 . 

198 

23.0 

31.68 

1.783 

' 66.5 

91.61 

1.441 

44.5 

61.30 

1 . 

,193 

22.5 

30.99 

1.775 

66.0 

90.92 

1.435 

44.0 

60.61 

1 . 

188 

22.0 

30.31 

1.766 

• 65.5 

90.23 

1.428 

43.5 

59.92 

1 . 

.183 

21.5 

29.62 

1.758 

65.0 

89.54 

1.422 

43.0 

59.23 

1 , 

.178 

21.0 

28.93 

1.750 

04. 5 

88.85 

1.415 

42.5 

58.55 

1 , 

,174 

20.5 

28.24 

1.741 

64.0 

88.16 

1.409 

42.0 

57.86 

1 , 

.169 

20.0 

27.55 

1.733 

63.5 

87.48 

1.402 

41.5 

57.17 

1 

.164 

19.5 

26.86 

1.725 

63.0 ' 

86.79 

1.396 

41.0 

56.48 

1 

.159 

19.0 

26,17 

1.717 

62.5 , 

86.10 

1.389 

40.5 

55.79 

1 

.155 

18.5 

25.48 

1.703 

62.0 1 

85.41 

1.383 

40.0 

55.10 

1 

.150 

18.0 

24.80 

1.701 

61.5 

84.72 

1.377 

39.5 

54.41 

1 

.145 

17.5 

24.11 

1.693 

61.0 

84.03 

1.371 

39.0 

53.72 

1 

.140 

17.0 

23.42 

1.685 

60.5 

83.34 

1.365 

38.5 

53.04 

1 

.135 

16.5 

: 22.73 

1.677 

GO.O 

82.65 

1.359 

38.0 

52.35 

1 

.130 

16.0 

22.04 

1.669 

59 . 5 : 

81.97 

1.354 

37.5 

51.66 

1 

.126 ' 

15.5 

21.35 

1.661 

59.0 1 

81.28 

1.348 

37.0 

50.97 

1 

.122 

15.0 

20.66 

1 .653 

58.5 ! 

80.59 

1.342 

36.5 

50.28 

1 

.118 

14.5 

19.97 

1.645 ; 

58.0 

79.90 

1.336 

36.0 

49.59 

1 

.113 

14.0 

19.28 

1.637 

57.5 

79.21 

1.330 

35.5 

48.90 

1 

.109 

13.5 

18.60 

1.629 

57.0 

78.52 

1.325 

35.0 

48.21 

1 

.104 

13.0 

17.91 

1.621 

56.5 

77.83 

1.319 i 

34.5 

47.52 

1 

.100 

12.5 

17.22 

1.613 

50.0 

77.14 

1.314 1 

34.0 

46.84 

1 

.096 

12.0 

16.53 

1,605 

55.5 

76.45 

1.308 ' 

33.5 

46.15 

1 

.091 

11.5 

15.84 

1.597 

55.0 

75.77 

1.303 

33.0 

45.46 

1 

.087 

n.o 

15.15 

1.589 

54.5 

75.08 

1.298 

32.5 

44.77 

1 

.083 

10.5 

14.46 

1.581 

54.0 

74.39 

1.292 

32.0 

44.08 

1 

.079 

10.0 

13.77 

1.574 

53.5 

73.70 

1.287 

31.5 

43.39 

1 

.074 

9.5 

i 13.09 

1.566 

53.0 

73.01 

1.281 ; 

31.0 

42.70 

1 

.070 

9.0 

12.40 

1.559 

52.5 

72.32 

1.276 

30.5 

42.01 

1 

.066 

8.5 

11.71 

1.551 

52.0 

71.63 

1.271 

30.0 

41.33 

1 

.062 

8.0 

j 11.02 

1.543 

51.5 

70.94 

1.265 

29.5 

40.64 

1 

.058 

7.5 

10.33 

1.536 

51.0 

70.26 

1.260 

29.0 

39.95 

1 

.053 

7.0 

9.64 

1.528 

50.5 

69.57 

1.255 

28.5 

39.26 

1 

.049 

6.5 

8.95 

1.521 

50,0 

68.88 

1.249 

28.0 

38.57 

1 

,045 

6.0 

8.26 

1.513 

49.5 

68.19 

1.244 

27.5 

37.88 

1 

.041 

5.5 

7.57 

1.505 

49.0 

67.50 

1.239 

27.0 

37.19 

1 

,037 

5.0 

6.89 

1.498 

48.5 

66.81 

1.233 

26.5 

36.50 

1 

.033 

4.5 

6.20 

1.491 

48.0 

66.12 

1,228 

26.0 

35.82 

1 

.029 

4.0 

5.51 

1.484 

47.5 

65.43 

1.223 

25.5 

35.13 

1 

.025 

3.5 

4.82 

1.476 

47.0 

64.75 

1.218 

25.0 

34.44 

1 

.021 

3.0 

4.13 

1.469 

46.5 

64.06 

1.213 

24.5 

33.75 


.017 

2.5 

3.44 



2228 


ACIDS 


ANALYSIS OF SULFURIC ACID 


Sulfuric acid made by the contact process is exceedingly pure, the principal 
impurity being iron, which causes turbidity in strong acid. The acid made by 
this process is 99% strength. This is diluted to 66° (93.19% H2SO4) and 

is known as oil of vitriol. The acid is also commonly marketed as 60° acid 
(77.67% H2SO4) and 50° B4 acid (62.18% H2S04) obtained by further dilution 
of the stronger acid. 50° B6 acid is also obtained by the chamber process; this 
acid is not as pure as that produced by the contact process. The impurities 
occurring in sulfuric acid are iron, lead, copper, zinc, antimon*y, selenium, 
arsenic, sulfur dioxide, hydrochloric acid, hydrofluoric acid, nitric acid. 

Sulfuric acid up to 93% strength may be determined with a fair degree of 
accuracy by ascertaining its specific gravity by means of a hydrometer and 
referring to the tables on sulfuric acid. 



Fig. 306. 
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Specific Gravity Charts — Sulfuric Acid, 

M,50»+9H/) H,SQ»t7H^ H,S0.t5Hp 
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Pig. 308. Chart Showing Freezing- and Boiling-points of Sulfuric Acid 
of varying Concentration. 
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Sulfuric acid readily absorbs SO 3 so that its acidity may be considerably 
over 100%. This acid, commonly known as oleum, fumes when exposed to 
the air due to its low vapor tension, the SO3 combining with the moisture of the 
air with formation of H 2 SO 4 mist. 


SULFURIC ACID 

METHOD OF ANALYSIS 

Procedure for Titration with Standard NaOH. — Concentrated sulfuric acid 
absorbs moisture rapidly so that the weighing should be made quickly, the 
acid having been placed in a special closed receptacle as recommended on 
pages 2200 to 2203. Such an amount of acid is taken as will require a titration 
that can be read on the chamber burette used. For example if normal caustic 
is used and the chamber burette reads from 75 ml. to 100 ml. the acid should 
contain from 3.7 grams to 4.9 grams of H2SO4. The acid is added to CO2 free 
distilled water, preferably in a porcelain casserole, 1 ml. of 1 % phenolphthalein 
added and the titration made to a faint pink color with standard NaOH. It is 
advisable to titrate the acid using methyl orange if the presence of CO 2 is 
suspected in the water. Some chemists prefer the use of this indicator. It is a 
common practice to standardize the acidimetric and alkalimetric reagents in 
presence of methyl orange and phenolphthalein in separate titrations, recording 
factors for each. 

The temperature of the titrating alkali should be noted and a correction of 
0.032 ml. be made for each degree deviation from the temperature at which the 
reagent was standardized. For each 1 ^^ C. that the temperature is above that 
at standardization subtract this correction, and add this for each degree the 
temperature is below that at standardization, 

(ml. titration X H 2 SO 4 value per mLXl00)-^wt. of sample = % H 2 SO 4 . 


DETERMINATION OF IMPURITIES IN SULFURIC ACID 
Determination of Residue on Heating 

50 to 100 grams of the acid are weighed into a platinum or silica dish and the- 
acid evaporated (Hood) by heating gently over a direct flame. When no more 
fumes evolve, the dish is cooled and weighed. The increased weight of the dish 
is due to the residue, composed of substances not volatile at red heat and 
generally contains iron oxide. Chamber acid may have all of the substances 
occurring in sulfur ores present in this residue. 

Certain details of procedure are published by courtesy of the General Chemical 
Company, 
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Determination of Lead 

Minute Amounts. — Determine by means of the colorimeter according to 
the procedure described on page 517, Vol. I. 

High Lead Contamination. — Larger amounts of lead sulfate may be deter^ 
mined gravinietrically. The lead may be extracted from the residue, obtained 
on evaporation of the acid and heating, by extracting with ammonium acetate 
according to the stanciard procedure, and lead precipitated from the extract 
made acid with acetic by addition of a small excess of K2Cr207 solution. 

If preferred, lead may be determined as follows: 100 grams of„the acid are 
diluted with an equal volume of distilled water and the solution stirred and 
cooled. Twice the volume of alcohol is added, the lead sulfate allowed to 
settle for two hours or more and the precipitate filtered on a Gooch crucible, 
the residue washed with alcohol, dried and ignite<l at dull red heat and weighed 
as PbS04. If contamination of the lead sulfate is suspected, this residue may 
be extracted with ammonium acetate and lead precipitated from the extract 
as PbCr04 according to the regular procedure. 

PbCrOi X .641 = Pb. PbSO^ X .6331 = Pb. 

Determination of Iron 

Traces of Iron. — The colorimetric procedure is used, iron being determined 
by color comparison of the thiocyanate with standards. See procedure on 
page 486, Vol. I. Five grams of the acid are added to 10 ml, of water in a small 
beaker and the solution heated to dissolve any iron in suspension. The cooled 
acid is poured into a 100 ml. Nessler tube with rinsing of the beaker, A few 
drops of N/10 KMn04 are added in amount sufficient to obtain a faint pink 
color, then 10 mi. of a 10% solution of NII4CNS and the solution made up to 
100 ml. Comparison is now made as follows: 

The standard is prepared by treating 5 ml. of iron-free sulfuric acid in 
exactly the same manner as the tested sample, in a separate Nessler tube. 
Standard iron solution is run in, stirring the solution with a glass plunger, 
until the color matches that of the sample. It is advisable to make the standard 
solution to contain 0.00005 g. Fe per 1 ml. Then each ml. will represent 0.001% 
Fe. 

High Iron. — If 0.02% of iron or over is present dilute 25 to 50 grams of the 
acid with distilled water. Add a few crystals of KClOa and boil. Cool and 
add a slight excess of NH4OH. When the iron hydroxide has settled, filter and 
wash with hot water. Dissolve the precipitate with HCl (1:1) catching the 
solution in a casserole. Wash the iron out of the paper. Heat the combined 
filtrate to boiling and titrate with standard HnCh solution. See page 484, Vol. I. 

If antimony or arsenic is present the solution turns dark during the titra- 
tion. If this occurs treat a fresh sample, diluted, with HgS to remove As and 
Sb, and determine iron in the filtrate from the sulfides. 

Determination op Arsenic 

Traces of Arsenic. Amounts less than .00005%. — Take 50 grams or more 
of the acid and distill off the arsenic as AsCU according to the distillation 



ACIDS 


2231 


method given on page 91. Determine arsenic in the distillate by the Gutzeit 
method. 

Amounts less than .005% may be determined directly by the Gutzeit 
method. When the arsenic is greater than 0.05% it may be determined by 
reducing the arsenic with tartaric acid and titrating with standard iodine solu- 
tion, after neutralizing the acid with ammonia and adding sodium bicarbonate. 
25-50 grams of the acid are taken and placed in a Kjeldahl flask and gram of 
tartaric acid added together with 2 grams of fused potassium bisulfate. The 
acid is heated over the direct flame until the color, first becoming dark, changes 
to a straw *color. Fuming will cause loss of arsenic and should be avoided. 
The acid is washed into a beaker with 250 ml. of water, then neutralized with 
NH4OH, and NaHCOa added. The titration with iodine is made in presence 
of starch. The end-point is a blue color. 

If antimony is present a separation of the arsenic must be made by distil- 
lation. 1 ml. N/10 I = .003748 g. As or .004948 g. AS2O3. AS2O3XI. 11616 
^ AS2O5. 


Determination of Antimony 

The arsenic is first removed by distillation as AsCU (page 91, Vol. I). The 
antimony is now distilled by adding 20 grams of zinc dissolved in 20 grams of 
concentrated HCl. The antimony in the distillate is determined by the modi- 
fied Gutzeit method given in the chapter on Antimony, Vol. I. 

Determination of Zinc 

25 to 50 ml. of the acid are evaporated to dryness in a silica dish. The 
residue is treated with a strong solution of NH4CI and NH4OH solution. After 
filtering off the ferric hydroxide, the filtrate containing the zinc is neutralized 
with H2SO4 and 10 ml. added in excess (sp.gr. H2S04=1.84), Potassium 
fcrrocyanide is now added in such amount that the solution will contain about 
2.5%. Compare the turbidity witli standards. 

With larger amounts of zinc the zinc is determined by titrating with standard 
pota.s.sium ferrocyanide. See chapter on Zinc, Vol. I. 

The zinc may be determined gravimetrically on a 200-gram sample. The 
acid is fumed off until only 2-5 ml. remains in the dish. Water is added, the 
solution neutralized with ammonia, sufficient dilute H2SOJ added to make a 
2.5% free acid. Copper, lead, etc,, are removed as sulfides by gassing with 
HoS, Zinc is determined in the filtrate, after oxidation of the iron with bromine 
and removing it by adding NH4OII and NH4CI. Zinc is precipitated as ZnS 
from the filtrate made acid (2% free acid) with formic acid, by H2S. The 
washed sulfide is ignited and weighed as ZnO. ZnOX.8034 = Zn. 

Copper. — This is determined colorimetrically. 25-50 ml. of the acid are 
evaporated to dryness, the residue taken up with 100 ml. of water, 2 ml. HCl 
(sp.gr. 1.19) added and copper precipitated with H.S. The washed precipitate 
is dissolved in H NO 3 and the solution made ammoniacal with ammonia. The 
color is now matched with standards containing known amounts of copper. 
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Determination op Selenium 

Traces. — 10 ml. of the acid diluted with an equal volume of water are placed 
in a test tube and 4 or 5 drops of 1% KI solution added. Heat to boiling to 
expel free iodine. The brick red color is compared with standards containing 
known amounts of selenium made up in the same way as the sample. If 
sufficient selenium in present this is thrown down as a brick red finely divided 
precipitate. 

Standard selenium solution is prepared by dissolving .1 g. pure Se in 5 ml. 
HNO3 and 10 ml. HCl. The solution is evaporated to dryness, then taken up 
with water and a little dilute H2SO4 and made up to 1000 ml. 1 ml.=.0001 g. Se. 

Larger Amounts. — 500 grams of the acid is diluted by pouring into a liter 
of water, 100 ml. concentrated HCl added and the solution saturated with SO2. 
The selenium is allowed to settle 15 to 20 hours, then filtered through a filter of 
fine texture. The precipitate is dissolved by placing the filter and precipitate in 
sulfuric acid nitric acid mixture 5 ml. H2SO4+5O ml. HNO3. The solution 
is evaporated to fumes, adding more HNO3 if the solution is dark, and again 
evaporated to expel HNO3. After diluting with water and filtering, the filtrate 
is made up to about 100 ml. and gassed boiling hot with H2S. The precipitated 
selenium is settled, filtered into a Gooch, washed with water, then alcohol and 
ether and dried with a current of warm air to constant w’eight. 

Sulfur Dioxide Determination in Sulfuric Acid. — 1-10 ml. of N/10 iodine 
solution are run into 200 ml. of water, starch solution is added and the acid to 
be tested is allowed to flow from a burette into this reagent, until the blue color 
disappears. 

1 ml. N/10 iodine = .0032 g. SO2. 

SULFURIC ACID 

Hydrochloric Acid Determination in Sulfuric Acid. — 50 to 100 ml. of the 
acid is diluted to about 200 ml. by running the acid into chlorine-free water 
10 ml. of 1% silver nitrate solution is added and the turbidity compared against 
a standard made by adding standard sodium chloride solution from a burette 
into a solution containing an equal amount of sulfuric acid (free from chloride) 
diluted with water and containing silver nitrate as in case of the sample. When 
the turbidity is the same as the sample the number of ml. of NaCl solution is 
noted. The turbidity is best seen by placing the two solutions side by side on 
a black paper. Standard chloride solution contains .16 g. NaCl per liter. 
1 ml. = .0001 g. HCl. 

If considerable hydrochloric acid is present it may be determined by Vol- 
hard^s method given on page 271, Vol. I. The sample of acid is diluted to about 
20% strength. A measured excess of N/10 AgNOa added and the excess ti- 
trated with N/10 NH4CNS solution in presence of ferric ammonium alum. 

1 ml. N/10 AgN03 = . 003647 g. HCl. 

Determination of Nitric Acid 

Traces. — In absence of selenium traces of HNOa may be determined 
colorimetrically. To 100 ml. of the acid i ml, saturated solution of FeS04 *3 
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added. Comparison is made in a Nessler tube with a standard by adding to 
100 ml- H2SO4, i ml. FeS04 solution and running in standard HNO3 until the 
color matches, the solution being stirred with a plunger during the addition. 
Standard HNO3 solution should contain .0001 g. HNO3 per ml. 

Larger Amounts. — See method on page 2216. 

Determination of Fluorine. — This is determined by the etch test described 
in Vol. I, page 421. The acid should not contain over 10% H2O. Strengthen 
with oleum if necessary. 


THE ANALYSES OF OLEUM OR FUMING SULFURIC ACID AND 
OF MIXED ACID 

The analyses of fuming sulfuric acid and mixed acid are placed under one 
general scheme as the procedure for oleum is included in that of mixed acid. 
The term oleum is given to concentrated sulfuric acid containing free SO3, 



Fig. 309. Method for Rapid Evaporation of Liquids. 


the combined water in the product decreasing (along with sulfuric acid) \dth 
the increase of free SO3 or sulfuric anhydride. Mixed acid is the technical 
name for the mixture of concentrated sulfuric acid and nitric acid or of oleum 
and nitric anhydride, the product being commonly used in nitrating glycerine, 
cotton and other materials. The analysis includes the determinations of 
H2SO4, HNOs, N2O5, N2O3 and in the case of oleum, the determination of SO3. 
In the presence of the latter, HNO3 is assumed to lose its combined water 
according to the reaction: 

2HN03*4‘S03 = H2S04“|-N206. 

In absence of nitric acid SO2 may be present. It is assumed that if HNOa is 
present the SO2 is oxidized to SO3 with formation of H2SO4 and the anhydrides 
SOa and N^Oa according to the reaction. 

N206 + H20 + 2S02*N203 + S034-H2S04. 

Some chemists prefer to express the reaction: 

2HN0a+S02 = H2SO44-N2O*. 
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The anal 3 ^is is carried out by three titrations — (a) determination of total 
acidity, ( 6 ) determination of sulfuric acid including SO 3 free in case of oleum, 
(c) determination of lower oxides. 

For economy of time the following order should be observed: The sample 
for the determination of sulfuric acid and free SO 3 (oleum) should be weighed, 
diluted with water according to the detailed procedure and placed on the steam 
bath for evaporation. During the evaporation the titration for total acidity of 
the sample and the titration for the lower oxides are made and finally that of 
oleum on the evaporated sample. 

Special Reagents: Normal Sodium Hydroxide . — One ml. ^0.04904 gram 

H2SO4. 

Tenth Normal Potassium Permanganate. — 3.16 grams KMnOi per liter. 
Standardized against N /lO solution of Sorensen’s Sodium Oxalate, (See Prepa- 
ration of Standard Reagents.) One ml. = 0.0019 gram N 2 O 3 , or 0.002351 
gram HNO 2 . 


PROCEDURE. TOTAL ACIDS 

The sample is accurately weighed by one of the procedures rceommended for 
strong acids. The Dcly or Blay-Burkhard tubes are best for this purpose. 
Such a weight being taken as will require a titration between 75 and 100 ml., 
e.g., containing an equivalent of 3.675 grams to 4.9 grams II 2 SO 4 . The acid is 
now run under cold CO 2 free w'ater according to directions on pages 2201 and 
2202, and the acid titrated with N /1 solution of XaOH. 

i-. 1 X- nninA^ Tj i w x ml. NaOH X .04904 X 100. 

One ml. XaOH= 0.04904 g. HoSO^. Calculate to % — . , ;; — rr — ^ 

Weight of acid taken 


LOWER OXIDES 

Ten ml. of the sample, weighed in a pipette with capillary delivery tip, are 
cautiously run into about 400 ml. of cold water, keeping the delivery tip well 
under the water and in rapid motion to prevent overheating through local 
action. The mixture is titrated with N/10 KMn 04 until a pink tint is obtained 
that does not fade in three minutes. 

1 ml. N/10 KMn 04 - 0.0019 g. N.Os (N 2 O 3 to N.O,, factor = 2.42.) 

1 ml. X/10 KMn 04 = 0.0046 g. X2O4. 

1 ml. X/10 KM n 04 — 0.00235 g. HXO 2 . Equivalent II 2804 = 0.0049043 g. per ml. 
1 ml. N/10 KMn 04 = 0.0032035 g. SO 2 . 

1 ml. N/10 KMn 04 = 0.0041043 g. H 2 SO 3 . 

Note. — W ith exactly N/10 KMQO4 on a 19-gram sample 1 ml. =0.01% N2O3. 


SULFURIC ACID AND FREE SO 3 

The sample Is weighed in a Dely tube and run under cold water, as in case 
of total acids, using in this case about 45 to 50 ml. of water in a 4-in. casserole. 
The solution is evaporated on the steam bath to expel the volatile acids, lower 
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oxides and nitric. The evaporation is hastened by blowing a current of hot, dry, 
pure air over the sample, see Fig. 309. Instead of a casserole, a shallow glass 
cell 3 incheKS in diameter and inches deep may be used. The air currftit in 
this case is unnecessary. About 5 ml. of water are added and this again 
evaporated off. The acid thus obtained is H2SO4+SO3. 

The acid is taken up with water and titrated with standard caustic, using 
CO2 free water and phenolphthalein indicator. 

One ml. N/1 NaOII = 0.004904 gram H2SO4. 


NITRIC ACID 


This may be obtained from the above determinations according to calcula- 
tions following. It may be obtained by direct titration with standard ferrous 
sulfate, by running a weighed amount of mixed acid into 100 ml. of cold sulfuric 
acid and titrating to a yellowish red tint. For the detailed procedure see Nitric 
Acid, page 2216. 

Calculation of Results. A. Nitric Acid and SO 2 being Absent — The total 
acidity is calculated to SO3. Reference is made to the table for Oleum from 
which the % H2SO4 and free SO 3 are obtained. 

Example. — Suppose the total acidity in terms of SO3 was found to be 84.2. 
The acid contains 86% H2SO4 and 14% free SO3. 

B, Nitric Acid Absent, SO 2 is Present in the Mixture. Total SO 3.— From 
total acidity as SO3 subtract SO . X 1.25 (i.c., equivalent SO3). 

Combined Water. — 100 — (total S03-f-S02) = 1120. 

Combined SO3. — H20X4.4445 = S03 equivalent or combined SO3. 

Free SO3. — Total SO3 — combined SOa^free SO3. 

Sulfuric Acid. — Combined SO3+H0O. 

Example. — If SO2 was found to be 2 % and the total acidity in terms of SO3 


-83.5%. 

Total SO3 = 83.5- (2 X 1.25) - 81 %. 
Water = 100 - (81 -f2) = 17%). 
Combined 803 = 17X4.4445 = 75.56% 
Free SO3 = 81 - 75.56 = 5,44%. 
Sulfuric acid = 75.564-17 = 92,56%. 

C. Nitric Acid Present and SO 2 Abse 


Report 

Sulfuric acid = 92.56%. 

Free 803 = 5.44. 

SO: = 2.00. Total 100. 

!. — Nitric acid in presence of free SO3 


is assumed to be the anhydride N2O5. 

N2O5.— From the total acidity is subtracted the acidity after evaporation, 
both being calculated to equivalent SO3. The difference multiplied by 1.349 


= %N20fi. 

H2O.— Total SO3 (after evaporation) d-NsOs subtracted from 100 = H2O. 
Combined SOs.—H . 0X4.4445 = 803 equivalent to 1120. 

Free SO3.— Combined SO3 subtracted from total S03 = free SO3. 


Sulfuric Acid. — Combined S034-H20 = H2S04. 

Example.— If total acidity = 84% in terms of SO3 and the total SO3 (after 
evaporation) =82%, then the difference 2X1.349 = 2.698% NsOs. 

Water = 100 - (82+2.698) = 15.302%. Report 



2236 


ACIDS 


Combined SO3 = 15.302 X4.4445 - 68.01%. 
Free 803 = 82-68.01 = 13.99%. 

♦ H2SO4 = 68.01 + 15.302 = 83.312%. 


H2S04 = 83.312%. 
Free 803 = 13.980%. 
NsOs*- 2.698%. 
Total 100. 


D. JVaOs Required to he Reported as HNO^y 96%.^^'HNOij 96% = 803 
equivalent (acid expelled by evaporation) XI. 64. 100 — % HNOa (96%) 

, ^ , lOOXtotalSOs 

=oleum. Total SO3 m-oleum = 

per cent oleum ^ 

Reference to the oleum table will give the per cent free SO 3 in the oleum. 

Example.— Suppose total acidity in terms of 803 = 84% and the SO3 after 
evaporation = 82%, then HNO3, 96% = the difference = 2X1.64 = 3.28% HNO3 
(96%). 

Oleum = 100 - 3.28 = 96.72%. 

Total 803 in oleum = 100X82 divided by 96.72 = 84.78, 

From the oleum table 84.78 gives 17.10% free SO3. 


Report 
Nitric acid, 
Oleum 
Free SO3 
Total SO3 


96%= 3.28% 
= 96.72% 
= 17.10% 
= 84.78% 


The nitric acid and oleum make a total of 100. 


Formulae for Diluting or Strengthening Solutions. — To dilute a solution with 
water; 


{“) 


Y^Z-X; 


To dilute a strong with a weaker liquid : 
A-DZ 


(a) 


-=F; X-Z^Y; 


A-B 

To strengthen a weak with a stronger liquid: 


(a) 


Y=Z-X; 


<« 


<« 


<» 


A = actual concentration of the solution that is to be corrected; 

R = concentration of the diluting solution; 

C = concentration of the strengthening solution; 

D = desired concentration; 

X =amount of the stronger solution to be added, taken or prepared; 
Y = amount of weaker solution to be added or taken; 

/=amount of solution desired or given. 

All data are in terms of weight of the constituents. 

^ This is the usual strength of the commercial concentrated acid. 
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DILUTION OF SOLUTIONS 

If a=sper cent of solution desired, !) = specific gravity of solution t« be 
diluted and c its percentage then 
Volume or ratio of the strong solution is d 


= d. 




Volume or ratio of water required 


100 77^ or lOO-feXd. 

C-i- lUU 

Example. — To make 75% sulfuric acid from 87% solution having a specific 
gravity of 1.8. 

75 

Substituting in above formula = ml. or liters or cubic feet, etc. of 

1.0 X0.o7 

75 

acid to be taken, i.e. ratio is 47.9 and 100 — = ml. or liters or cubic feet of 

0.87 

water required for dilution, i.e. ratio is 13.79. 

47.9 ml. of the strong acid diluted with 13.79 ml. of water will make the 
acid 75% strength. 

It is evident that the ratio being known large volumes of solution may be 
made so that the procedure is applicable for factory use. 
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SULFURIC ACID 


Bt W. C. Ferguson and H. P. Talbot 


Degrees 

Baame. 

Specific 

Gravity 

«H!f. 

60^ 

Degrees 

Twaddell. 

Per 

Cent 

HiSOf. 

Weight of 
t Cu. Ft. In 
Lbs. Av. 

Per Cent 

0. V.* 

Pounds 0. V. 
in 

1 Cubic Foot. 

0 

1.0000 

0.0 

0.00 

62.37 

0.00 

0.00 

1 

1.0069 

1.4 

1.02 

62.80 

1.09 

0.68 

2 

l.OMO 

2.8 

2.08 

63.24 

2.23 

’ 1.41 

3 

1.0211 

4.2 

3.13 

63.69 

3.36 

2.14 

4 

1.0284 

5,7 

4.21 

64.14 

4.52 

2.90 

5 

1.0357 

7.1 

5.2s 

64.60 

5.67 

3.66 

6 

1.0432 

8.6 

6.37 

65.06 

6.84 

4.45 

7 

1.0507 

10.1 

7.45 

65.53 

7.99 

5.24 

S 

1.0584 

11.7 

8.55 

66.01 

9.17 

6.06 

9 

1.0662 

13.2 

9.66 

66.50 

10.37 

6.89 

10 

1.0741 

14.8 

10.77 

66.99 

11.56 

7.74 

11 

1.0821 

16.4 

11.89 

67.49 1 

12.76 

8.61 

12 

1.0902 

18.0 

13.01 

68.00 

13.96 

9.49 

13 

1.0983 

19.7 

14.13 

68.51 

15.16 

10.39 

14 

1 , 1060 

21.4 

15.25 

69.04 

16.36 

11.30 

15 

1.1154 

23.1 

16.38 

69.57 

17.58 

12.23 

16 

1.1240 

24.8 

17.53 

70-10 i 

18.81 

13.19 

17 

i . 1328 

26.6 

18.71 

70.65 1 

20.08 

14.18 

18 

1.1417 

28.3 

19.80 

71.21 

21.34 

15.20 

19 

1.1508 

30.2 

21.07 

71.78 

22.61 

16.23 

20 

1.1600 

32.0 

22.25 

72.35 

23.87 

17.27 

21 

1 . 1694 

33.9 

23.43 

72.94 

25.14 

18.34 

22 

1.1789 

35.8 

24.61 

73.53 

26.41 

19.42 

23 

1.1885 

37.7 

25.81 

74.13 

27.69 

20.53 

24 

1.1983 

39.7 

27.03 

74.74 

29.00 1 

i 

21.68 


Sp. Gr. determinations were made at C0° F., compared with water at 60° F. 
From the Sp. Grs., the corresponding degrees Bauni4 were calculated by 
the following formula: Baura(^ == 145— 145/Sp. Gr. 

Baume Hydrometers for use with this table mu.st be graduated by the 
above formula, which formula should always be printed on the scale. 

* 66® Baiim6 — Sp. Gr. 1.8354 = Oil of Vitriol (0. V.). 

1 cu, ft. water at 60® F. weighs 62.37 lbs. av. 

Atomic weights from F. W. Clarke’s table of 1901. 0 =» 16, 

H2.SO4 = 100 per cent. 

% H^SO^ % 0. V. %60® 

O, V. = 93.19 = 100.00 = 119.98 

60® = 77.67 = 83.35 = 100.00 

60° = 62.18 - 66.72 - 80.06 
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SULFURIC ACID (Continued) 



Acids stronger than 66° B6. should have their percentage compositiona 
determined by chemical analysis. 

Calculated from Pickering’s results, Jour, of Lon. Ch. Soc., vol. 57, p. 363. 


Authorities — W. C. Ferguson; H, P. Talbot, 

This table lias been approved and adopted as a standard by the Manu- 
facturing Chemists' Association of the United States, 

W. H. Bower, 

Henry Howard, 

Jas. L. Morgan, 
Arthur Wyman, 

A. G. Rosengarten, 

New York, June 23, 1904. Bxeevlive Committee 
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SULFURIC ACID (Continued) 


Oasreei 

Banmi. 

Speclfle 

Orarity 

^F. 

6of»' 

Derrera 

Twaddell. 

Per 

Ceat 

25 

1.2083 

41.7 

28.28 

26 

1.2185 

43.7 

29.53 

27 

1.2288 

45.8 

30.79 

28 

1.2393 

47.9 

32.05 

29 

1 . 25 C 0 

50.0 

33.33 

30 

1.2609 

52.2 

84.63 

31 

1 . 2719 

54.4 

35.93 

32 

1.2832 

56.6 

37.26 

33 

1.2946 

58.9 

38.58 

31 

1.3063 

61.3 

39.92 

35 

1.3182 

63.6 

41.27 

36 

1.3303 

66.1 

42.63 

37 

1.3426 

68.5 

43.99 

38 

1.3551 

71.0 

45.35 

39 

1.3679 

73 . G 

46.72 

40 

1.3810 

76.2 

48.10 

41 

1.3942 

78.8 

49.47 

42 

1.4078 

81.6 

1 50.87 

43 

1.4216 

84.3 

52.26 

44 

1.4356 

87.1 

: 53.66 

45 

1.4500 

90.0 

55.07 

46 

1.4646 

92.9 

56.48 

47 

1.4796 

95.9 

57.90 

48 

1.4948 

99.0 

59.32 

49 

1.5104 

102.1 

GO . 75 

50 

1.5263 

105 3 

62.18 

51 

1.5426 

108,5 

63.66 

52 

1.5591 

111.8 

65.13 

53 

1.6761 

115.2 

66.63 

54 

1.5934 

118.7 

68.13 

55 

1.6111 

122.2 

69.65 

56 

1.6292 

125.8 

71.17 

57 

1.6477 

129.5 

72.75 

58 

1.6667 

133.3 

74.36 

59 

1.6860 

137.2 

75.99 


Weleht of 
> Cu . Ft. Id 
Lbt. At. 

Per Cent 

0, V. 

Ponnde 0. ▼. 
In 

I Cubic Foot. 

75.36 

30.34 

22.87 

76.00 

31.69 

24.08 

76.64 

33.04 

25.32 

77.30 

34.39 

26.68 

77.96 

35.76 

' 27.88 

78.64 

37.16 

29,22 

79.33 

38 55 

30.58 

80-03 

39.98 

32.00 

80.74 

41.40 

33.42 

81.47 

42.83 

34.90 

82.22 

44.28 

36.41 

82.97 

45.74 

37.95 

83.74 

47.20 

39.53 

84.52 

48.66 

41.13 

85.32 

50.13 

42.77 

86.13 

61.61 

44.45 

86.96 

53.08 ' 

46.16 

87.80 j 

54.58 j 

47.92 1 

88.67 ^ 

56.07 ' 

49.72 

89.54 

57.58 

51.56 ! 

90.44 

59.09 

53.44 

91.35 

00.60 

55.36 

92.28 

62.13 

57.33 

93.23 

i 63.65 

59.34 

94.20 

65.18 

61.40 

95.20 

i 66.72 

63.62 

96.21 

68.31 

65.72 

97,24 

69.89 

67.96 

98.30 

71.50 

70.28 

99.38 

73.11 

72.66 

i 

100.48 

74.74 

' 75.10 

101.61 

76.37 

i 77.60 

102.77 

78.07 

80.23 

103.95 

79.79 

82.95 

105.16 

81.54 

85.75 
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SULFURIC ACID (Continued) 


Degrees 

Specific 

Gravity 

60'’ F. 

60“ 

Degrees 

Twaddell. 

Per Cent 
HtSOi. 

Weight of 

1 Cti. Ft. in 
Lbs, Av. 

Per Cent 

0. V. 

Pounds 0. V. 
in 

1 Cubic Foot. 

60 

1.7059 

141.2 

77.67 

106.40 

83.35 

88.68 

61 

1.7262 

145.2 

79.43 

107.66 

85.23 

91.76 

62 

1.7470 

149.4 

81.30 

108.96 

87,24 

95.06 

63 

1.7683 

153.7 

83.34 

110.29 

89.43 

98.63 

64 

1.7901 

158.0 

85.66 

111.65 

91.92 

102.63 


1.7957 

159.1 

86.33 

112.00 

92.64 

103.75 

m 

1.8012 

160.2 

87.04 

112.34 

93.40 

104.93 

64| 

1.8068 

161.4 

87.81 

112.69 

94 23 

106.19 

65 

1.8125 

162.5 

88.65 

113 05 

95.13 

107.54 

65J 

1.8182 

163.6 

89.55 

113.40 

96.10 

108.97 

65^ 

1.8239 

164.8 

90.60 

113.76 

97.22 

110.60 

651 

1.8297 

165.9 

91.80 

114.12 

98.51 

112.42 

66 

1.8354 

167.1 

93.19 

114.47 

100.00 

114.47 

Degrees 

Baum6. 

Freezing 

(Melting) 

Point. 

Per Cent 
60° BaumS. 

Pounds 

00° BaunnO in 
Cubic Foot. 

Per Cent 
50° Baum^. 

Pounds 

50° Baum^ in 
Cubic Foot. 


60 

+ 12.6 

100.00 

106.40 

124.91 

132 91 


61 

27.3 

102.27 

110.10 

127.74 

137.52 


62 

39.1 

104.67 

114.05 

130.75 

142.47 


63 

46.1 

107.30 

118.34 i 

134.03 

147.82 


64 

46.4 

110.29 

123.14 ^ 

137.76 

153.81 


641 

43,6 

111.15 

124.49 

138.84 

155.50 


641 

41.1 

112.06 

125.89 

139.98 

157.25 


641 

37.9 

113.05 

127.40 

141.22 

159.14 


65 

33.1 

114.14 

129.03 

142.57 

161.17 


651 

24.6 

115.30 

130.75 

144.02 

163.32 


651 

13.4 

116.65 

132.70 

145.71 

165.76 


65| 

^ 1 

118.19 

134.88 

147.63 

168,48 


66 

-29 

119.98 

137,34 

149.87 

171 56 



XI.— SULPHURIC ACID TABLE 
04-100% HjSO^ 

By H. B. Bishop 


B4. 

8p.Gr. at 60® F. 

Per Cent. 
USOt 

Wt. 1 Cu. Ft. 

Allowance for Temperature. 

66 

1.8354 

93.19 

114.47 

At 94% .00054 sp.gr. = U K- 
“ 96 .0053 =1®F. 

66.12 

1.8381 

94.00 

114.64 

66.23 

1.8407 

95.00 

114.80 

“ 97.5 .00052 “ »1®F. 

66.31 

1.8427 

96.00 

114.93 

100 .00052 «1®F. 

66.36 

1.8437 

97.00 

114.99 


66.36 

1.8439 

97.50 

114.99 


66.36 

1.8437 

98.00 

114.99 


66.30 

1.8424 

99.00 

114.91 


66.16 

1.8391 

100.00 

114.70 





Compiled from the table by H. B. Bishop, Van Nostrand’s Chemical Annual, 1913. 
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METHOD OF ANALYSIS OF CHLOROSTJLFONIC ACID 


Chlorosulfonic acid, SOs^HCl, decomposes to H2SO4 and HCl on addition 
of water, the reaction being violent. Considerable care must be exercised to 
prevent loss of acid during dilution with water for examination of the product. 
The following method of analysis has been found satisfactory: 

Total Acidity. — Three to four grams of the chlorosulfonic acid are weighed 
in a D^li tube or small glass bulb. About 25 ml, of distilled (neutral) water and 
about 10 ml. less NaOH (normal strength) than is necessary to neutralize the 


sample (i.e., 


weight sample — 10 

“ooiooT 


= ml. NaOH to be taken) are placed in a heavy 


wall glass bottle (250-300 ml. capacity). If the sample is weighed in a D41i tube 
it is run into the NaOH solution according to the procedure described on page 
506. If the bulb is used, the bottle, with the sample inserted, is stoppered, 
wrapped in a towel and shaken vigorously until the bulb breaks and the acid 
mixes with the water and NaOH. The excess of acid is now titrated with N 
NaOH, using phenolphthalein or methyl red indicator. The total acidity is 
calculated to SO3 and recorded as % SO3. 

Titration of Chloride. — The NaCl formed is titrated with N/3 AgNOs solu- 
tion, using KjCrO* indicator. The ml. of the reagent are calculated to the 
equivalent HCl. Since NaOH is apt to contain NaCl, the blank is subtracted to 
obtain the true HCl equivalent in the sample. The % HCl is calculated. 

The Composition of the Acid is now determined as follows : 

(а) Total acid as % SOs^a. 

(б) HCl obtained by titration of the neutralized solution (made faintly acid) 
with N/3 AgNOs (the HCl blank for the NaOH used in (a) having been sub- 
tracted) =6. The HCl is converted to its equivalent SO3 by multiplying by 
1.0978 = 6'. 


(c) SO 3 (combined and free). The SO3 equivalent of HCl obtained in 6 is 
subtracted from the total acidity as SO3 of (a) is a — 6' = S03 total. 

(d) 100 — (% S03+% HCl) H2O in sample. This is combined with a 
protion of the SO3 as H2SO4. Calculate to % H2SO4 by multiplying by 5.4444. 
Allowance must be made for impurities if present.^’ 

(c) The SO3 combined with H2O is subtracted from the total SO3 of (c). 
The result is the SO3 of the chlorosulfonic acid and free SO3 (if any). 

By inspection it is possible to ascertain whether the product contains free 
SO» or free HCl since SOs-HCl are in the proportion 31.29% HCl and 68.71% 
SO,, i.e., HCl: SO,:: 1:2.2. 

If SOz IS in excess. The HCl is calculated to SO, -HCl by multiplying by 
3.1956, the result is the per cent chl(yrosuljonic acid in the sample. 

Free SOz is obtained by subtracting % 803*HCl-l-% H2SO4 from 100. 

If HCl is in excess. The % SO, obtained in (e) is multiplied by 1.4555; 
the result is the per cent chlorosulfonic acid. 

Free HCl is obtained by subtracting % SO, ■ HCl 4* % H2SO4 from 100. 
Results are reported as % SO, -HCl, H,S04, free SO, or free HCh 


(100 — impurities non-titratable) — (%SO,+%HCl) ** %H,0. 
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Factors : 

HCl X 1 .0978 = SO3, HCl X 3. 1 956 SOa ' HCl and HCl X 2. 1959 = SO3 in SO3HCL 
SO3 XO.8998 = HCl, SO3 X 1.4555 = SO 3 • HCl and SO3 X 0.4554 = HCl in SO3HCL 
H 2 OX 5.4444 = H2S04, H3S04X0.1837 = H20, H2S04X0.7436 = HC1. 
NaClX0.6238 = HCl, S03-HC1 = 31.29% HCl and 68.71% SO3. 


VOLUMETRIC ESTIMATION OF FREE ACID IN PRESENCE OF 
IRON SALTS 

The red precipitate formed when solutions containing iron are titrated with 
caustic makes it difficult to detect the end-point of neutralization; the method 
suggested by C. A. Ahlum takes advantage of the white compound formed by 
precipitating the iron as a phosphate and the fact that monosodium phosphate 
is neutral to methyl-orange indicator. 

Reactions 

Fe 2 (S 04 ) 3 + 2 NaH 2 P 04 +x free acid = 2 FeP 04 +Na 2 S 04 +x free acid-|- 2 H 2 S 04 , 
or 2 FeCl 3 + 2 NaH 2 P 04 -|-x free acid = 2 FeP 04 + 2 NaCl+x free acid -|-4HCl. 

The acid equivalent to ferric iron is deducted from the total acid found, the 
excess acid being due to the free acid in the solution. 

Procedure. — To the solution containing the iron and free acid is added an 
excess of c.p. solution of monosodium phosphate (neutral to methyl-orange), 
and then a few drops of the indicator. The acidity of the solution is now deter- 
mined by titration with standard caustic in the usual way, the solution being 
cold. From this titration the total free and combined acid are calculated. 

Iron is now determined in a separate portion by titration with stannous 
chloride or dichromate. 

Calculation. 

(A) Fe 203 X 1.2285 = g. H 2 SO 4 (combined). 

Fe2O3X0.9135 = g. HCl (combined). 

(B) One ml. N /5 NaOH-.00981 gram H 2 SO 4 or .00729 gram HCL 
Total acid (B) minus combined acid (A) —free acid. 

Determination of Boric Acid in Borates 

The details of procedure for the determination of boric acid are given in the 
chapter on Boron in Volume I. The method takes advantage of the fact that 
boric acid is a weak acid having an end-point in an alkalimetric titration of 
pH 10—11 hence cannot be titrated in presence of indicators having a lower pH 
range, such as methyl red or methyl orange, pH 3. 1-6.3. It is possible, there- 
fore, to liberate boric acid from its combination by means of a mineral acid, 
titrate or neutralize the mineral acid with NaOH in presence of methyl red or 

**C. A. Ahlum, The Analyst, 31, 168 (1906). 
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methyl orange and then titrate boric acid in presence of phenolphthalein indi- 
cator after the addition of a polyhydric alcohol, such as glycerol or mannitol. 

The borate is first converted to a soluble sodium salt by transposition by 
means of sodium carbonate and extraction with water or the boric acid is set 
free by boiling with a mineral acid, using a reflux condenser to prevent loss of 
boric acid, which is volatile with steam. If sodium carbonate treatment is 
used the CO2 must be expelled by acidifying and heating for a few minutes in 
a covered beaker avoiding vigorous boiling. The free mineral acid is now 
neutralized with NaOII in presence of methyl orange or methyl red indicator. 
Neutral glycerol is added in sufficient quantity (25 ml. is sufficiont for 0.5 g. 
B2O3) and again the solution is neutralized if an acidity is evident from the 
glycerol addition (commercial glycerol is apt to contain free acid). Phenol- 
phthalein indicator is added and the boric acid titrated with standard NaOH 
until a reddish pink color of the combined indicators is obtained. 

The solution titrated and the reagents used must be free from CO2, iron, 
aluminum and products other than boric acid, that would react with the alkali 
in the titration. 

1 ml. of 1 N NaOH is equivalent to 0.03482 g. B2O3. 


ORGANIC ACIDS 

Titrations of organic acids are made preferably with phenolphthalein. 
Methyl orange cannot be used. The water used for diluting the organic acid 
must be free of carbon dioxide. 

ANALYSIS OF FORMIC ACID 

Formic acid occurs in solutions of varying strength, i.e., 30, 50, 75, 90%, 
etc. The impurities that arc frequently present are sulfuric and hydrochloric 
acid. If formic acid alone is present it may be determined by direct titration. 
1 ml. N/10 NaOH = 0.004602 gram formic acid In presence of other acids 
the following method is recommended. 

Procedure. — About 10 grams of the sample weighed in a tared bottle 
(Blay-Burkhard form is convenient) is run into about 200 ml. of distilled water 
in a graduated flask of 500 ml. capacity and made to volume. 50 ml. of this 
diluted sample pipetted into an Erlenmeyer flask is made alkaline with Na2C03 
solution. After warming a measured excess of N/10 KMnO* is added. Formic 
acid is oxidized to H2O+CO3 and a precipitate of MnOs is thrown down. 
10 ml. of dilute H2SO4 are added and a measured volume of N/10 oxalic acid is 
added until all of the precipitate has dissolved and the permanganate color 
has disappeared. The excess of oxalic acid is now titrated with N/10 per- 
manganate reagent. From this the ml. KMn04 required by the formic acid 
is obtained. 

1 ml. N/10 KMn04 — 0.002301 gram formic acid. 

The equivalent ml. values of the KMn04 and H2C2O4 should be obtained 
by titration. 
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Sulfuric Acid. — This is conveniently determined on about a 20 gram sample 
diluted to 200 ml. by precipitation with BaCU according to the standard 
procedure. 

BaS04X0.4202 = H2S04. 

Hydrochloric Acid. — This may be determined on a 20 gram sample by 
precipitation with AgNOa in presence of 5 ml. cone. HNOs, the sample having 
been diluted to about 200 ml. 

AgClX0.2545-HCl. 

ANALYSIS OF ACETIC ANHYDRIDE— ACIDITY METHOD 
CH CO\ 

Acetic anhydride ^ volatile, colorless liquid, possessing a 

characteristic sharp penetrating odor. The vapor is very irritating to the 
nose and eyes. The pure anhydride boils at 137° C. Mixed with water strong 
acetic anhydride settles out into a distinct layer very similar to carbon disul- 
fide. It hydrolyzes slowly forming a solution of acetic acid. When below 
50% in strength (the diluting liquid being acetic acid) the product mixes 
readily with water at ordinary temperatures (20° C.). Distinct separation 
from water takes place when the strength of the anhydride is over 55%, the 
product being added to the water dropwise. The separation becomes more 
decided with increase of the percentage of anhydride. 

The analysis consists in titrating the acetic acid formed by the hydrolysis 
of the anhydride. Since the product is volatile it is weighed in stoppered 
bottles. Low results are obtained if sufficient time is not allowed for complete 
hydrolysis. 

Procedure. — A sample of approximately 5 to 5.5 grams is w^eighed in a 
bottle 0 to 8 ml. in capacity. A small 2-dram apothecaries’ bottle with No. 00 
rubber stopper is satisfactory. T)ie stopper is fitted loosely and the bottle 
containing the sample is immersed in 100 ml. of normal NaOH and .300 ml. of 
distilled water in a 500-ml. “ salt mouth ” bottle with rubber stopper. The 
bottle is closed tightly and shaken to free the small rubber stopper from the 
weighing bottle, and permit the sample to mix with the reagent. After 
hydrolyzing for at least one hour the sample is titrated with N/5 H2SO4 to 
determine the excess of N/1 NaOH, using phenol phthalein indicator. 

Calculation. 

ml. NaOHxn.06003^^^Q^y^ CH3COOH 
wt. sample 

(% CH3COOH-100)X5.665 = % (CH3C0)20. 

Example. — If the sample titrated 101% CH3COOH then 
( 101 - 100) X5.665 = 5.665% (CH3C0)20. 

Notes. — 100 per cent (CH 3 CO) 26 = 117.65% CH 3 COOH. 

Per cent Anhydride = ^17 ^5^ 

= (4-100)5.665. 

A = %CH8C00H by titration. 

HaS04X L2241 = CHjCOOH. 
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DETERMINATION OF ACETIC ANHYDRIDE— ANILINE METHOD 

Procedure. — The analysis should be carried out in duplicate runs, each 
portion being determined as follows: Two ml. of anhydride are run from a 
burette into a tared 5 ml. weighing bottle and carefully weighed, the bottle 
being stoppered. The sample is now placed in an Erlenmeyer flask containing 
50 ml. N NaOH and 50 ml, distilled water, the stopper of the bottle being 
loosened so that the anhydride mixes with the alkali. After forty minutes 
with occasional shaking of the flask to assist the mixing, the residual NaOH 
is titrated with N H 2 SO 4 , in presence of phenolphthalein indicator, 2 or 3 ml. 
of acid added in excess. After standing fifteen minutes longer the excess acid 
is titrated back with N/10 NaOH. From the amount of N NaOH required 
by the anhydride calculate the amount of N NaOH required by 100 grams of 
the sample. Record this as “ A.^’ 

Twenty ml. of recently redistilled, perfectly dry aniline are run into a 50 
ml. tared weighing bottle and 2 ml, of the anhydride added from a burette. 
The sample is added slowly, swirling the aniline to get an equal distribution. 
When the mixture has cooled to room temperature the weight of the anhydride 
is determined (the aniline and bottle having previously been weighed). After 
an hour the mixture is transferred to a 500 ml. volumetric flask and the solution 
diluted to mark with neutral alcohol and distilled water (1 : 1), Fifty ml. of 
this solution are titrated with N/10 NaOH. From the number of ml. required 
calculate the ml. N NaOH corresponding to the residual acetic acid from 100 
grams of the sample. Record this as “ B.” 

Then A-B corresponds to one half the anhydride in 100 grams of the sample 
This value multiplied by 0.10207 = per cent acetic anhydride. 

0.10207 = molecular weight of acetic anhydride divided by 1000. 

Correction for Mineral Acids if Present. — In weighed portions (10 grams) 
determine hydrochloric acid by precipitation with AgNOs and sulfuric acid 
by precipitation with BaCl 2 in the usual way, the samples having hydrolyzed 
in 100 ml. portions of water. From the percentages of mineral acids present 
calculate to ml. normal equivalents and deduct from the titrations above, or 
calculate the anhydride equivalent and make deduction, 

1 mJ. N H 2 S 04 = . 04904 g. 1 ml. N HCI = . 03647 g. 1 ml. N CH 3 COOH 

= .06003 g. CH3COOHX0.85 = (CH3CO)20, 
H 2 SO 4 X 1.0404 = (CH3C0)A HCl X 1.3889 = (CH 3 CO) 2 O. 

ANALYSIS OF ACETIC ACID 

The acidity of acetic acid may be determined by titration with standard 
caustic, using phenolphthalein as indicator. 

About 4 to 5 grams of glacial acetic acid or a corresponding amount of dilute 
acid are taken for analysis, being weighed out in a weighing bottle or other suit- 
able container used for strong and weak acids. The acid is mixed with about 
250 ml. of water and titrated in the presence of phenolphthalein indicator with 
normal caustic. 

One ml. N/1 NaOH >=0.06005 gram CH 3 COOH. 
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Impurities in Acetic Acid 

The more important impurities that are looked for in commercial acetic acid 
are formic acid, furfurol, acetone, sulfuric acid, sulfurous acid, hydrochloric 
acid, metals. 

In the examination of the acid the physical appearance — turbidity and color 
are noted. 


Formic Acid in Acetic 

Qualitative.— Ten ml. of the acid (glacial diluted 1 : 10) are heated with 1 
gram of sodium acetate and 5 ml. of 5% mercuric chloride solution. A turbidity 
indicates formic acid. 

Quantitative. — Five grams of glacial acetic acid or corresponding quantity of 
dilute acid are treated with 5 grams of sodium acetate and 40 ml. of mercuric 
chloride solution (5%) and 30 ml. of water added. The mixture is heated for 
two hours in a flask with a return condenser, the flask being surrounded by 
steam. The precipitated mercurous chloride, HgCl, is filtered off, dried and 
weighed. 

Weight of HgCIXO.0977 = formic acid equivalent. 

Furfurol in Acetic Acid 

Qualitative. — Aniline dissolved in pure glacial acetic acid (5 ml. aniline in 
2 ml. glacial acetic acid) and added to 100 ml. of the sample will produce a red 
color in presence of furfurol. 

Quantitative. — The test may be made quantitative by comparing the color 
produced with standard solutions containing known amounts of furfurol. One 
gram of redistilled furfurol is dissolved in 100 ml. of 95% alcohol. 1 ml. of 
this solution is diluted to 100 ml. with 95% alcohol. 1 ml. = 0.0001 gram of 
the reagent. 

Test for furfurol in vinegar. Fifty ml. of the vinegar is neutralized with 
sodium hydroxide, and 15 to 20 ml. are distilled. Two ml. of colorless aniline 
and 15 ml. of hydrochloric acid (1 : 12) added. The mixture is warmed to 
about 15“ C. for a few minutes and the color compared with standards prepared 
in the same way. 

Gravimetric Method with Phloroglucid 

Place a quantity of the material, chosen so that the weight of phloroglucid 
obtained shall not exceed 0.300 gram, in a flask, together with 100 ml. of 12% 
hydrochloric acid (specific gravity, 1.06), and several pieces of recently heated 
pumice stone* Place the flask on a wire gauze, connect with a condenser, 
and heat, rather gently at first, and so regulate as to distill over 30 ml. in about 
ten minutes, the distillate passing through a small filter paper. Replace the 
30 ml. driven over by a like quantity of the dilute acid addftd by means of a 
separatory funnel in such a manner as to wash down the particles adhering to 
the sides of the flask, and continue the process until the distillate amounts to 
360 ml. To the completed distillate gradually add a quantity of phloroglucol 
(purified if necessary) dissolved in 12% hydrochloric acid and thoroughly stir 
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the resulting mixture. The amount of phloroglucol used should be about 
double that of the furfural expected. The solution first turns yellow, then 
green, and very soon an amorphous greenish precipitate appears, which grows 
rapidly darker, till it finally becomes almost black. Make the solution up to 
400 ml. with 12% hydrochloric acid, and allow to stand overnight. 

Filter the amorphous black precipitate into a tared Gooch crucible through 
an asbestos felt, wash carefully with 150 ml. of water in such a way that the 
w'ater is not entirely removed from the crucible until the very last, then dry for 
four hours at the temperature of boiling water, cool and weigh, in a weighing 
bottle, the increase in weight being reckoned as phloroglucid. To (Calculate the 
furfural, pentose, or pentosan from tlie phloroglucid, use the following formulas 
given by Krober: 

(a) For weight of phloroglucid a ” under 0,03 gram. 

Furfural = (a+0.0052) X0.5170. 

Pentoses = (a +0.0002) X 1.0170. 

Pentosans = (a+0.0052) X 0.8949. 

(b) For weight of phloroglucid “a ” over 0.300 gram. 

Furfural - (a%0.0052) XO.5180. 

Pentoses = (a+0.0052) X 1.0026. 

Pentosans = (a+0.0052) X 0.8824. 

For weight of phloroglucid a ” from 0.03 to 0.300 gram use Krober’s table 
of the following formulas: 

Furfural = (a+0.0052) XO. 5185. 

Pentoses — (a+0.0052) X 1-0075. 

Pentosans = (a+0.0052) XO.8866. 

The phloroglucol is purified by recrystallizatioii from hydrochloric acid. 
For details of the procedure see Bulletin 107, U. S. Dept, of Agriculture, Bureau 
of Chemistry. (1912, page 54.) 

Acetone in Acetic Acid 

Fifteen gram.« of glacial acetic acid, or a corresponding amount of weak acid, 
is treated with 70 ml. potassium hydroxide (10% solution), or sufficient caustic 
to make the .solution slightly alkaline. The solution is cooled and 25 ml. N/5 
iodine solution added and sufficient hydrochloric acid to make tlie mixture 
faintly acid. The excess of iodine is titrated with X/5 sodium thiosulfate, using 
starch indicator. The total iodine solution taken minus the equivalent ml. of 
thiosulfate — the iodine combined with the acetone, then the weight of iodine in 
grams multiplied by 0.07612 = grams acetone in the sample. 

Sulfuric Acid in Acetic Acid 

This is best determined by the turbidity test. About 5 ml. of the sample arc 
taken and 1 drop of hydrochloric acid and half a ml. of 10% barium chloride. 
The turbidity is now compared with a standard pure acetic acid solution con- 
taining a known quantity of BaSO^, the standard being added to a comparison 
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cylinder until the turbidity is? the same as that of the sample, which has been 
diluted to a convenient volume in a Nessler tube or similar comparison cylinder. 
The apparatus used in determining small amounts of titanium, lead, etc., is 
suitable for this test. In this case the glowing wire or filament of an incandes- 
cent light is viewed through the solutions, the brightness of the wire acting as a 
guide in matching the solutions. 

SuLPURous Acid in Acetic Acid 

This is b’est detected by placing in a small flask about 20 ml. of the sample, 
adding 5 ml. of strong hydrochloric acid and about 3 grams of zinc and covering 
with a filter paper saturated with lead acetate. The blackening of the paper 
indicates SO2 in the sample (e.g., reduced to H2S by the hydrogen generated by 
the zinc). 

The sulfurous acid is best titrated with N/10 iodine solution, using starch 
indicator. 1 ml. N/10 l2 = .0032 gr. SO2. 

Hydrochloric Acid in Acetic Acid 

Determined by the turbidity test as in case of sulfuric acid, silver nitrate 
solution being used to precipitate AgCl, and nitric acid substituted for hydro- 
chloric acid. 


Metals in Acetic Acid 

Total Solids. — Ten to 100 grams of the acid is evaporated to dryhess in a 
platinum dish. The residue contains the non-volatile solids. 


ACETATES 

Two to 5 grams of the material is placed in a Kjeldahl flask connected by 
means of a condenser to a receiving flask containing half normal caustic. About 
20 ml. of 85% phosphoric acid are added and about 150 ml. of water. Gentle 
heat is applied and gradually increased. About 100 ml. of the solution is 
distilled into the caustic. Additional hot water is added to the residue in the 
Kjeldahl flask and the distillation continued. This is repeated until about 800 
ml, of solution has been distilled over. The C02 is boiled out of the distillate, a 
n^flux condenser being used to prevent loss of the acetic acid. If the solution 
is alkaline, a known amount of acid is added and the CO2 boiled out. The 
excess acid is now titrated and the amount of acetic acid in the distillate 
calculated. 

One ml. N/2 NaOH = 0.030015 gram CII3COOH 
CH3COOH X 1 .3 169 = Ca(CH3C02)2, or X 1.3663 = CHaCOONa. 

Acetates of the Alkalies and Alkaline Earths. — In absence of other organic 
acids, nitrates, etc., a quick method is suggested by Sutton (Vol. Analy., X. Ed., 
p. 91). The salts are converted into carbonates by ignition and the residue 
titrated with normal acid. 

One ml. N/1 acid =0.06003 gram CH3COOH. 
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ACETIC ACID AT 15* 


OUDEMANS 


Specific 

GrftTitr. 

li 

Specific 

Gravity. 

si 

oDd 

Specific 

Gravity. 

Per Cent 

Specific 

Gravity. 

si 

oin 

0 9992 

0 

1.0363 

26 

1.0623 

51 

1 0747 

70 

1 0007 

1 

1 .0375 

27 

1 0631 

52 

1 .0748 ‘ 

77 

1.0022 

2 

1.0388 

28 

1 0638 

53 

1,0748 

78 

1.0037 

3 

1 0400 

29 

1 0646 

54 

1 .0748 

79 

1 0052 

4 

1.0412 

30 

1 .0653 

55 

1 0748 

80 

1.0067 

5 

1.0424 

31 

1.0660 

56 

1 .0747 

SI 

1.0083 

6 

1 .0436 

32 

1.0666 

57 

1 0746 

82 

1.0098 

7 

1 0447 

33 

1.0673 

58 

1 0744 

83 

1.0113 

8 

1.0459 

34 

1 .0679 

59 

1 0742 

84 

1.0127 

9 

1 0470 

35 

1 0685 

60 

1.0739 

85 

1.0142 

10 

1 0481 

36 

1 .0691 

61 

1.0736 

86 

1.0157 

11 

1 0492 

37 

1 .0697 

62 

1 0731 

87 

1.0171 

12 

1.0502 

38 

1 0702 

63 

1 0726 

88 

1.0185 i 

13 

1.0513 

39 

1 .0707 

64 

1 .0720 

89 

1.0200 

14 

1 0523 

40 

1.0712 

65 

1 0713 

90 

1.0214 

15 

1 .0533 

41 

1.0717 

66 

1 0705 

91 

1.0228 

IG 

1 .0543 i 

42 

1 .0721 i 

67 

1 0696 

92 

1.0242 

17 

1.0552 

43 

1.0725 

68 

1 .0686 

93 

l.*0256 

IS 

' 1.0562 

44 

1.0729 

69 

1 .0674 

94 

1.0270 

19 

1.0571 

45 

1.0733 

70 

1 .0660 i 

95 

1.0284 i 

20 

1.0580 

46 

1.0737 

71 

1.0644 1 

96 

1.0298 : 

21 

1.0589 

47 

1.0740 

72 

1.0625 , 

97 

1.0311 , 

22 

1.0598 

48 

1.0742 

73 

1 0604 ! 

98 

1.0324 , 

23 

1.0607 

49 

1 -0744 

74 

1.0580 

99 

1.0337 

24 

1.0615 

50 

1 .0746 

75 

1.0553 

100 

1.0350 

25 

1 







CARBONIC ACID 

Free Carbonic Acid in Aqueous Solution 

The method is based on the reaction 

H2C03+Ba(0H)2 = BaC 03 + 2 H 20 . 

Procedure. — An excess of standard barium hydroxide solution is added to 
the water containing the carbonic acid. Barium carbonate is precipitated as 
shown in the reaction above. The excess of Ba(OII)j is now titrated with 
standard hydrochloric acid, using phenolphthalein indicator. 

1 ml. N/10 Ba(OH )2 or 1 ml. N/10 HCI is equivalent to 0.0022 g. CO 2 . 

Carbonic Acid Present as Bicarbonate 
Heaction.— NaHCOa+HCl-NaCl-fHsOd-COs. 

Procedure. — The solution is titrated with standard HCI, using methyl 
orange indicator. 


1 ml. N/10 HCI -0.0044 g. CO 2 . 
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Carbonic Acid Present as Carbonate 
Reaction.— NajCOa + 2HCI - 2 NaClH- H 2 O + CO 2 . 

Procedure. — The solution is titrated with standard HCI, using methyl 
orange indicator. Carbonates of barium, strontium, calcium and magnesium 
are titrated with an excess of hydrochloric acid and this excess determined with 
standard alkali. 

1 ml N/10 HCl =0.0022 g. CO2. 

CITRIC ACID 

The free acid may be titrated with sodium hydroxide, using phenolphthalein 
indicator. One ml. N/1 alkali = 0.07 gram crystallized citric acid, 

VOLUMETRIC DETERMINATION OF OXALIC ACID 
Permanganate Method 

About 3 grams of the oxalic acid or its salt are dissolved in 200 ml of CO2 
free water and 50 ml 2N sulfuric acid added. The solution is heated to 
about 70° C. and titrated with standard, normal solution of potassium per- 
manganate, to a faint pink, persisting for three minutes. 

1 ml N/KMn04=0.04501 g, H2C2O4 or 0.06302 g. H2C304-2H20. 

The acid may also be titrated with standard caustic solution. Titration is 
made in a hot solution, using phenolphthalein indicator. 

DETERMINATION OF PHENOL (CARBOLIC ACID) 

Bromine reacts with an aqueous solution of phenol decomposing it to the 
water insoluble tribromophenol and forming hydrobromic acid as shown in the 
reaction 

C,H60H+3Br2 = CeH2Br3(0H)-f-3HBr. 

The excess of bromine is determined by adding potassium iodide solution 
and determining the liberated iodine by titration with standard thiosulfate. 
The method is applicable only to pure preparations of carbolic acid. 

Reagent: Standard Bromine.— A solution of free bromine in water cannot 
be kept. The reagent may be prepared, however, by adding a definite amount 
of bromate to a bromide solution, which on acidification, will liberate a de^te 
amount of bromine according to the reaction KBrOs+SKBr-j-GHCl — 3B^ 
+6KCH-3H2O. The acid is added only to the portions of the reagent used 
for the tests. In preparing a N/10 solution 2.784 grams of pure dry potassium 
bromate and 10 grams of potassium bromide are dissolved in a little water and 

diluted to 1000 ml. , , . ^ j j-w j * 

Procedure. — 0.5 gram of phenol is dissolved in a little water and diluted to 
1000 ml To 100 ml of this, equivalent to 0.05 g. of sample, are added (m a 
stoppered bottle) 50 ml of the bromate solution and the mixture shaken. 5 
ml of concentrated HCl are now added, the solution again shaken and after 15 
minutes 2 grams of potassium iodide are added. The liberated lodme is titrated 
in presence of starch solution with N/10 thiosulfate. 

1 ml. N/10 KBr08 = 0.001567 g. CeHsOH. 
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TARTARIC ACID 

Tartaric acid, cream of tartar, Rochelle salt, tartar emetic, normal potas- 
sium tartrate, iron tartrate and other salts of tartaric acid are obtained from 
the residues of wine manufacture. The raw materials consist of lees, tartars, 
calcium tartrate. Tartaric acid is present in these residues in the form of 
potassium hydrogen tartrate (vitartrate of potassium) or as normal calcium 
tartrate. In the examination of the raw material for its evaluation total 
tartaric acid and that present as bitartrate are determined. 

Estimation of Acid Potassium Tartrate — Oulman's Method 

Procedure. — 3.76 grams of the powdered tartar is placed in a liter flask, 
750 ml. of water added, the solution heated to boiling and boiled for 4 to 5 
minutes. Prolonged boiling is avoided, as changes may occur which would 
cause error in results. The flask is filled to the mark and allowed to cool. 
After readjusting to exactly one liter the solution is filtered through a dry filter 
and 500 ml. of this evaporated to dryness on the water-bath in a porcelain 
casserole. 5 ml. of water is added to moisten this residue and 100 ml. of 95% 
alcohol added on cooling. After standing half an hour the alcohol is decanted 
through a dry filter, allowed to drain and any potassium bitartrate on the filter 
is washed back into the dish with hot water. The solution is made up to about 
100 ml. and titrated hot with X/5 KOH. A correction of 0.2 ml. is added for 
the loss of bitartrate in the alcohol. 

Estimation of Total Tartaric Acid. Goldenberg Method 

Procedure. — Six grams of the sample containing more than 45% of tartaric 
acid or 12 grams if it contains less than 45% are added to 18 ml. of hydrochloric 
acid (sp.gr. 1.1) and the mixture stirred 10 minutes. This is now tran.sferrod 
to a 200-mi. measuring flask and distilled water added to the mark. The well 
mixed solution is now filtered through a dry filter into a beaker. 100 ml is 
pipetted out and added to 10 ml. of a solution of potassium carbonate con- 
taining 66 grams of the anhydrous salt per 100 ml. in a 300 ml. beaker. The 
beaker is covered by a clock glass and the solution boiled gently for twenty 
minutes; the calcium carbonate precipitates in a crystalline form during this 
heating. The solution is transferred to a 200 ml. measuring flask, made up to 
mark after cooling, and filtered through a dry filter. 

100 ml. of the filtrate is evaporated in a porcelain casserole (or pyrex beaker) 
on the water bath until the volume is about 15 ml. To the hot .solution 3.5 ml. 
of glacial aetic acid are added gradually with constant stirring and the mixture 
stirred for 5 minutes more after the addition. After standing 10 minutes 
100 ml. of 95% alcohol are added and the mixture again stirred 5 minutes. 
Upon settling 10 minutes the precipitated bitartrate is filtered off, suction being 
applied. The precipitate is washed with alcohol until free of acid. (Te.st 
30 ml. This should require the same titration with N/5 alkali with phenol- 
phthalein indicator as 30 ml. of the alcohol used in the washing.) The pre- 
cipitate on the filter is washed into a porcelain dish with 200 ml. of hot water 
and titrated hot with N/5 potassium or sodium hydroxide, using litmus paper 
as indicator. 
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The alkali is standardized against pure potassium hydrogen tartrate. 

Corrections. — Deduct 0.3% for material containing less than 45% tartaric 
acid, 0.3% for raw material containing 45-60% and 0.2% for material contain- 
ing 60-70%. No correction is made for better grades of material. 

Impurities in Tartaric Acid 

Iron and Alumina (alum). — These are determined in the ash of the ignited 
product, the ash being dissolved in hydrochloric acid. P^Os may also be deter- 
mined in this ash. 

Arsenic. — This may be determined by the Gutzeit Method. (See chapter 
on Arsenic in Volume I.) 

Lead. — This is determined by the colorimetric procedure given on page 517, 
Yol. I. 

Free Sulfuric Acid in Tartaric Acid Liquors. — The solution 10 ml. or more 
is treated with ten times its volume of alcohol, and after settling overnight 
the mixture is filtered. Sulfuric acid is determined in the alcohol filtrate in 
the usual way. 


ALKALIES 

ANALYSIS OF SODIUM HYDROXIDE 

Commercial caustic soda, purchased in blocks packed in iron drums, should 
be sampled with care. The hydroxide sets first on the outside, so that the 
impurities segregate towards the core of the block. In order to get a repre- 
sentative sample different sections of the block should be tapped. The material 
takes up moisture and carbon dioxide from the air, so that the surface of the 
sample should be removed before weighing. The weighing and dissolving of 
the sample should be done as rapidly as possible. 

Procedure 

Ten grams of the hydroxide are dissolved in water and the solution made 
up to exactly 500 ml. Aliquots of this solution are taken for the following 
determinations. 

Total Alkali. — Fifty ml. of the caustic solution, equivalent to 1 gram of the 
solid, are titrated with N/H2SO4 in presence of methyl orange indicator, until 
the faint pink end-point is obtained. 

1 ml. N/H 2 SO 4 -.O 3 I grams of Na^O (total alkali actual). 

Note. —I n the New York and Liverpool test N/HjSOi value is .032' g. NaOH per nil. 
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Sodium Hydroxide. — Fifty ml. of the sample is treated with 100 ml. of 10% 
BaClg solution and the NaOH then titrated with N/H 2 SO 4 in presence of 
phenolphthaiein indicator. 

1 ml. N/H 2 SO 4 -.O 4 gram NaOH, 

Sodium Carbonate. — Multiply the difference between the total alkali titra- 
tion and the titration for NaOH by .053 the result is grams NaoCOa, 

Alternative Methods. Sodium Hydroxide and Sodium Carbonate. — Car- 
bon dioxide is readily picked up by NaOH so that it is invariably present in 
caustic soda forming sodium carbonate. The carbonate and hydrate may be 
determined in the same solution as follows. 

Fiftj" ml. of the sample equivalent (0 one gram of the solid, are titrated with 
normal H2SO4, in presence of phenolphthaiein, until the pink color just dis- 
appears. This occurs when all of the sodium hydroxide is neutralized and the 
carbonate has been converted to bicarbonate. This titration may be recorded 
as ml. A. 

Methyl orange is now added and the titration continued until the yellow 
color changes to pink. This titration is recorded as ml. B, 

Then NaOH = (A-5)X0.04 and Na 2 CO 3 = 25X0.053. 

Determination of Impurities 

Sodium Chloride. — This may be determined on 25 to 50 ml. (0.5-1 gram) of 
the above solution by Vol hard’s method described in Vol. I, page 271, or the 
method for NaCl in soda ash, page 2261, this volume. 

1 ml. N/20 AgN 03 = 0.002923 gram XaCL 

Sodium Sulfate. — Fifty ml. of the solution equivalent to 1 gram of the 
solid are acidified with hydrochloric acid (H2SO4 free) and the sulfate pre- 
cipitated from a boiling solution by addition of 10% BaCL solution according 
to the standard procedure. 

BaS04X0.6086 = Na2S04. 

The following determinations are seldom required. 

Sodium Silicate. — 10 grams of the sample are dissolved in about 100 ml. of 
water and the solution acidified with hydrochloric acid. After evaporation to 
dryness the residue is taken up with water. Silica remains insoluble and is 
filtered off, washed, ignited and weighed. Si02 X 2.0282 — NasSiOa. 

Sodium Aluminate. — The water extract from silica contains the alumina as 
soluble chloride. Al(OH)3 may be precipitated with ammonia according to 
the standard procedure, then filtered off, washed, ignited and weighed as AI2O3- 
AI2O3 X 1-6067 = Na2Al204. 

Insoluble Matter. — 100 grams of the material is dissolved in a liter of 
water, phenolphthaiein indicator is added and the solution almost neutralized 
with hydrochloric acid, the solution should be slightly alkaline. The sample 
is filtered and the residue of sand, Fe 203 , etc., weighed as insoluble matter. 
Caustic solutions attack filter paper so that it is advisable to partly neutralize 
the free alkali before filtration. 
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Water. — 5 to 10 grams of the hydroxide are placed in a small Erlenmeyer 
flasks whose weight is known, a funnel is placed in the neck of the flask to 
prevent loss of the material and to prevent its absorbing carbon dioxide from 
the air. After placing in a sand bath the material is kept at about 150® C. for 
about four hours. It is now allowed to cool, the funnel remaining in the flask, 
and the loss of weight determined. 

Determination op Strength of Caustic Liquors by the Hydrometer 

The specific gravity of the liquor is taken by the hydrometer exactly as in 
case of acids. The strength of the liquor is ascertained by reference to the 
table on Sodium Hydroxide, page 2268. 

Potassium Hydroxide 

Analysis of potassium hydroxide is similar to that of sodium hydroxide. 
The following molecular weights will be of use in the calculations: 

KOH = 56.11 ; K 2 CO 3 = 138.21 ; KCI = 74.56; K 2 AI 2 O 4 = 196.4; 

KaSiOs- 154.5. 


Volumetric Determination of Carbonate in Sodium Bicarbonate 

NaHCOa in presence of BaCL gives insoluble BaCOg and KaCl, neither 
subject to hydrolysis nor acting of phenolphthalein. 

The NaHCOa to be analyzed is added to a solution of NaOH of known 
strength and BaCL is added to the Na 2 C 03 formed. By determining the 
free NaOH, that which is combined with NaHCOg can be calculated and the' 
equivalent NaHCOs thus determined. 


Analysis and Testing of Impurities in Caustic Soda ®“ 

Reagents and Indicators: WclIst , — The water used in the following methods should 
be distilled water, neutral to phenolphthalein and methyl orange indicators. 

Hydrochloric Acid (/-i).— Dilute 500 ml. of colorless hydrochloric acid (HCl) of 1.19 
specific gravity with an equal volume of distilled w'ater. _ 

Sulfuric Acid (/-J).— Into 3 liters of distilled water cptiously add with stunng 1 
liter of colorless sulfuric acid (H2SO4) of 1.84 specific gravity. 

Nitric Acid (1-*#).— Into 4 liters of distilled water add with stimng 1 liter of colorless 
concentrated nitric acid (HNO3). 

Ammonium If ydr oxide . — The ammonium hydroxide (NHiOH) used should be. a 
pure, clear, colorless solution of 0.90 specific gravity. 

Ammoruum Hydroxide (Difufe).— Dilute 100 ml. of ammonium hydroxide (NHiUH) 
specific gravity 0.90 with 900 ml. of distilled w’ater. . 1 j 

Ammonium Sulphide Sofuf ion.— This solution is prepared by p^mg hydrogen 
sulfide gas (HjS) through a dilute ammonium hydroxide solution (ISIH4U4I) until tne 
solution smells strongly of hydrogen sulfide. , 

Ammonium Oxolaie So/ufion.— Dissolve 40 grams of ammomum oxalate, 
Cj 04-H20, in hot distilled w^ater and dilute to one liter, , , , , i. /xt 

Disodium Phosphate Sofufibn.— Dissolve 100 grams of disodium phosphate (isa*- 

HP04-12H50) in distilled water and dilute to one liter. y. 

Starch So/uflon.— Dissolve 0.5 gram of soluble starch m 100 ml. of hot water it 
soluble starch is not available, macerate 0.5 gram of ordinary starch to a creamy ® 
a mortar with cold water, wash into 100 ml. of boiling water and boil for several minutes. 

» Ref. J. C. Chiarino, C. A., 18 , 1799 (1924). 

« Standard Method of the Solvay Process Company. By courtesy of the Company. 
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AlJow” to stand for a few minutes and then pour off the supernatant liquor for use. Starch 
Starch solutions do not keep well and for best results they should be prepared fresh every 
few weeks. 

Sodium Thiosulfate Solution . — Dissolve 100 grams of sodium thiosulfate (Na2S203-- 
5H2O) in distilled water and dilute to one liter. 

Phenolphthalein . — Dissolve 3.5 grams of phenol phthaloin in 650 ml. of grain alcohol 
and make up to 1000 ml. with distilled water. 

Poto5sium Chromate Solution . — Dissolve 50 grams of neutral potassium chromate 
(K2Cr04) in 400 ml. of distilled water. Add enough silver nitrate to produce a slight 
red precipitate for the removal of chlorides. Filter and make up the filtrate to 1000 ml. 
with distilled water. 

Methyl Orange. — Di.s.solv'e one gram of methyl orange in 1000 ml. of distilled water. 

Potassium Sulfocyanate Solution . — Dissolve 50 grams of C. P. potassium sulfo- 
cyanate (KCXS) in distilled water and dilute to one liter. 

Standard Solutions: Tenth Normal Sulfuric Acid {NjlO H^SOC ). — This solution 
should be prepared from a stock solution of normal sulfuric acid (X/H2S04} by diluting 
exactly 100 ml. to 1000 ml. nith distilled water. 

The stock solution of normal .sulfuric acid is prepared as follows;— Tliis solution 
should contain 49 grams per liter of sulfuric acid (H2S04) in distilled water. Mix 30 ml. 
of pure sulfuric acid of 1.84 specific gravity with 150 ml. of distilled water in a 1000 ml, 
measuring flask and allow to cool to room temperature. Dilute to 1000 ml. with distilled 
water and adjust the volume by titrating again.st 5.3 granis of cliemioally pure, dry 
sodium carbonate (\a2CO3) until 100 ml. of the acid will just neutralize the 5.3 grams of 
sodium carbonate, using methyl orange as an indicator. 

A watch glass should cover the beaker while adding the acid to avoid mechanical 
loss. As the end-point is approached care should be taken to stir well, .so that the color 
change from yellow to pink will be sharp and easily noticeable, the acid being added a 
drop at a time. 

Tenth Normal Sodium Hydroxide {NjlO NaOH ). — This solution should be prepared 
from a stock solution of normal .sodium hydroxide (X/XaOHMbi|^luting exai'tly 100 
ml. to 1000 ml. uath di.stilled water. ■ * 

The stock solution of normal sodium hydroxide is prepared a.s fdHows:— This solution 
should contain 40 gram.s per liter of sodium hydroxide (XaOH). DUsolvc 41 graras 
of chemically pure sodium hydroxide in 2.50 ml. of distilled water in a 1000 ml. mea.suriiig 
flask. Allow to cool to room temperature and dilute to 1000 ml. Adjust liy adding 
di.stillcd water until ,50 ml. arc exactly neutralized by 50 ml. of normal sulfuric acid 
(X/H2S04), titrating cold with 5 drops of phenolphthalein indicator. 

Tweritieth Normal Silver Nitrate (Nf20 AgNOf ). — This solution should contain 8,495 
grams per liter of silver nitrate (AgXOs). Dissolve 8.5 granis of chemically pure .'^iIvcr 
nitrate in dfstilled water to which one drop of colorlcas nitric acid (HXOi) of 1.42 sjx.‘cific 
gravity has been added and dilute to 1000 ml. with distilled water. This solution is 
practically 1/20 normal. It may be standardized as follows:— Weigh out 0.8025 grams 
of chemically pure, dry, ammonium chloride (XH4CI). Dissolve in 2,50 ml. of di.stilled 
water and titrate 2-5 ml. of this solution with the silver nitrate solution, using 3 or 4 
drops of potassium chromate (K2Cr04) .s<flution as an indicator, until the red tint of the 
silver chnimate just appears. If the silver nitrate solution i.s exactly X/20, 30.0 ml. 
N\ill be consumed. 

Tenth Normal Potassium Permanganate {NjlO KMnOi). — This solution .should 
contain 3.16 grams pcT liter of chemically pure pota.s.sium permanganate (KMnOO. 
Dissolve 3.2 gram.s of fxdassium permanganate crystals in -500 ml. of di.stilled water in a 
1000 ml. measuring flask. Dilute to 1000 ml, .Standardize as follows:— Add 0.67 
grams of reerj^st alii zed, chemically pure sodium oxalate (Xa2f'204) and about 150 nil. 
of distilled water to a liter lK.>iIing flask. Heat until di.s.solved, then add about 15 ml. 
of (1-3) .sulfuric acid (H^SOd. Heat nearly to boiling and titrate with the potas-siuin 
permanganate solution until a permanent pink color Ls obtained. 

Adjast the .solution to the required strength of calculate the proper factor from the 
following data: 

100 ml. X/10 KMn04 solution = 0.67 grams of sodium oxalate. 

The potassium permanganate solution shcHild be kept in an amber colored or black 
painted bottle. 
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One Hundredth Normal Potassium Permanganate {NIlOO KMnO^. — Dilute 
exactly 100 ml. of the tenth normal potassium permanganate (N /lO KMuOa) solution to 
one liter with distilled water. This solution should be kept in an amber colored or black 
painted bottle. 

One Hundredth Normal Sodium Thiosulfate (NilOO NazSiOs), — This solution is 
made by diluting exactly 100 ml. of tenth normal sodium thiosulfate (N/10 NagSiOjC to 
1000 ml. with distilled water. 

Tenth normal sodium thiosulfate is prepared && follows: — Dissolve 24.83 grams of 
chemically pure sodium thiosulfate (Na2S203*5H80) in distilled water and dilute to 
one liter. Standardize as followTi: — Place 40 ml. of tenth normal potassium perman- 
ganate (N/10 KMnOi) solution in a 500 ml. flask, dilute to about 100 ml. with distilled 
water and add 15 ml. of )l-3( sulfuric acid (H2SO4), and 10 ml. of 10% potassium iodide 
(KI) solution (ICO grams per liter). Titrate the liberated iodine with the tenth normal 
sodium thiosulfate solution until the color becomes a very light yellow. Then add about 
0-5 ml. of fresh starch solution and complete the titration until the blue color just dis- 
appears. Adjust the volume of the solution from the following data: 

40 ml. N/10 KMnO4 = 40 ml. N/IO Na2S203. 

This solution should be standardized once a month. 

Standard Iron So/uf ion.— Dissolve 0.4911 grams of chemically pure, crystallized, 
ferrous ammonium sulfate (FeS04- (NH4)2S04*6H20) in 50 nil. of distilled water to 
which 20 ml. of (1-3) sulfuric acid (H2SO4) have been added. Warm the solution slightly 
and add tenth normal potassium permanganate (N/10 KMuOa) until the iron is com- 
pletely oxidized. Dilute the solution to 1000 ml. 

1 ml. of this standard solution =0,00(X)7 grams Fe or = 0.0001 grams Fe203. 

Methods of Analysis 

Preparation of the Sample. — Thi.s operation should be carried out without unneces- 
sary exposure to the air, as caustic soda readily takes up moisture and carbon dioxide, 
thu.s lowering the tests. A part of the .^mple to be tested is wrapped in a heavy cloth 
and cni.shcd with a hammer, the remainder being saved for later determinations. Weigh- 
ings should be made as auickly as pos.<ible. 

Silica (Si02). — Dissolve 50 grams of the prepared sample in 200-300 ml. of distilled 
water in a 6-inch porcelain or Jena glass evaporating dish, add 2 drops of methyl orange 
and acidify cautioasly with concentrated hydrochloric acid (HCl), avoiding loss by 
spattering. Evaporato to complete drj^ne.ss on the steam bath, cover the dish and 
dcliydratc the silica by heating in an oven at 110° C. for one hour. Cool, drench the 
residue with 10 ml. of concentmted hydrochloric acid, taking particular care that each 
particle of the residue is moistened with the acid. Then add 300 ml. of distilled water 
and warm on the steam bath to dissolve the soluble salts. Filter and wash the residue 
free from chlorides with cold water, adding only the first two washings to the filtrate. 
Transfer the filter pa]>er and silica to a weighed platinum crucible, ignite in the open 
crucible over a low flame until tlie filter pajxr is burned off and then over the blast lamp 
f<ir 10 minutes. Cool in a desiccator and weigh. 

Weight of SiO, X 2 = % SiO*. 

Iron and Aluminum Oxides (Fe20rAljOj)— Dilute the filtrate from the determination 
of silica to 500 ml. in a measuring flask and mix thorouglily. Place 250 nd, of this solu- 
tion in a 400 ml. beaker, add I ml, of nitric acid (I IN Os) and about 1 gram of ammonium 
chloride (NMiCJ) and boil to oxidize the iron. Add slowly a slight excess of ammonium 
hydroxide (NH4OH) and boil until the vapors have only a slight odor of ammonia. 
Allow the precipitate to settle, filter and wa.sh the pix-cipitate free from chlorides with 
iiot water. Place the filter par)er and precipitate in a weighed platinum crucible, 
carefully bum off the filter patx}r in the oi^eii cnicihlc over a low flame and finally ignite 
with free accc.s3 to the air for 10 minutes over the Mcker burner or blast lamp. Cool in 
a de.siccator and weigh. 

Weight Fe,Oj & AU05X4-^; FcjO, & AljO,. 

Iron Oxide (FciOa).— Transfer a 100 ml. aliquot portion of the 500 ml. filtrate from 
the determinations of silica to a 250-ml. beaker, add about 1 ml. of nitric acid (HNO3) 
and boil to oxidize tb* iron. Then add a slight excess of anmionium hydroxide (NH4OH) 
and continue boiling for a few minutes. Allow the precipitate to ^ttlc, filter and wash 
the precipitate about 5 times with hot water. Dissolve the precipitate off the filter in 
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about 20 ml. of (1*^) sulfuric acid (HsSOO and wash into a 100 ml. graduated flask. 
Dilute to the 100 ml. mark and mix thoroughly. Pipette off 25 ml. of this solution into 
a 50 ml. Nessler tube, add 5 mi. of potassium sulfocyanate (KCNS) and dilute to the 
50 ml. mark with distilled water. 

To a second 50-inl. Nessler tube, add 5 ml. of (1-3) sulfuric acid and 5 ml. of potassium 
sulfocyanate, dilute nearly to the 50 ml. mark with distilled water and titrate with 
standard iron solution until the colors in the two Nessler tubes match. 

Ml. Standard Iron Elution X 0.004= % FejOa. 

Aluminum Oxide (Al20j ). — % Fe^Os & AljOa — % Fe20s=% AljOa. 

Calcium Carbonate (CaCOj). — Adjust the volume of the filtrate from the determina- 
tion of iron and aluminum to about 300 ml. and acidify with (1-1) hydrochloric acid 
(HCl), adding about 5 ml. in excess. Add 10 ml. of ammonium oxalate solution, 
(NH<)2 Ci 04, heat to boiling, make slightly alkaline by adding ammonium hydroxide 
(NH4OH) drop by drop and boil for a few minutes. Allow the mixture to stand in a 
warm place for 1-2 hours, filter and wash the precipitate free from chlorides with small 
quantities of hot water. Usually four or five washings suffice. Place the filter paper 
containing the precipitate in the beaker in which the precipitation was made and add 
50 ml. of distilled water and 15 ml. of (1-3) sulfuric acid (H2S04). Heat to 70-80“ C. 
and titrate while hot under constant stirring with N/10 potassium permanganate 
(KMnO*) solution until a faint, permanent pink color is obtained. 

Ml. N/10 KMnO4X0.02 = % CaCOj. 

Magnesium Carbonate (MgCOa). — Acidify the filtrate from the determination of cal- 
cium with (1-1} hydrochloric acid (HCl), adding about 5 ml. in excc.^s. Heat to boiling 
and add 10 ml. of disodium phosphate solution (Na2HP04’12H20}. Then add am- 
monium hydroxide (NH4OH) drop by drop under constant stirring until the solution 
becomes alkaline and a precipitate begins to form. If no precipitate fijrnLs the stirring 
should be continued for at least 5 minutes. Cool, add 30 mJ. of strong ammonium 
hydroxide and stir for 5 minutes more if no precipitate fornv?. Allow the mi.xture to 
stand several hours or over night in a cool place. Filter and wash the precipitate with 
dilute ammonium hydroxide until the wa.snings acidified with nitric acid (HNOa) give 
no test for chlorides. Place the filter paper with the precipitate in an inverted position 
in a 250-'ml. beaker and dry at 60-80“ C. When quite dry and free from ammonia, add 
25 ml. of distilled water and a measured excess of N/10 sulfuric acid (HaSOO. Stir 
until the paper is thoroughly disintegrated and titrate the excess of acid with N/10 
sodium hydroxide (NaOH), using 2 drops of methvl orange as indicator. 

Ml. N710 H2SO4— mi. N/IO NaOHx0.0169= % MgCOj. 

Manganese (Mn). — Dissolve 40-50 grams of the sample in 300 ml. of dtstillcd water, 
add 2 drops of methyl orange indicator, acidify with hydrochloric acid (H(’l) and make 
slightly alkaline with ammonium hydroxide (NHiOH). Pa.s.s hydrogen sulfide gas (lUS) 
into the solution for hour and allow the .sample to stand at alwut 100® C. until the 
precipitate settles. Filter the precipitated sulfides and wash a few' times with a weak 
solution of ammonium sulfide, (NHilaS. Dry and ignite in a platinum crucible. To 
the residue in the crucible add 5-6 times its weight of sodium carbonate (Na2C'03), 
thoroi^hly mix and fuse over a burner. 

Dissolve the fusion in 10 ml. of concentrated nitric acid (IINOi) and heat for thirty 
minutes on the steam bath until all of the nitrous oxide fumes are expelled. Wash into 
a 250 ml. beaker with about 15 ml. of water, add 5 ml. of N/20 silver nitrate (AgNOa) 
and w'arm to 70-80® C. Introduce 1 gram of ammonium persulfate (NTDaSjOs, a litOe 
at a time, and shake until a good color is develo[X3d. Cool, shake, transfer to a 50 ml. 
Nessler tube and dilute to the .50 ml. mark. Should the color Ije tw strong the .solution 
must be diluted to 100 ml. and an aliquot portion used. 

Compare the color with N/lOO potaasium permanganate (KMnOi) titrated into 50 
ml. of cold (1-4) nitric acid w hich has been previously boiled for several minute,s to expel 
the nitrous oxide fumes. The (1-4) nitric acid is free from nitrous fumes and ready for 
use when it is colore<l by 1 drop of N/lOO potassium permanganate. 

. Ml. N/100KMn04X.011 ^ ,, 

Wei^t of Sample * 

Copper (Cu). — Dissolve 100 gram.s of sample in about 400 ml. of distilled water in a 
one liter beaker, and acidify slightly w ith (1-3) sulfuric acid (H2SO4). Bring the solution 
to a boil aad 20 ml. of strong sodium thiosulfate (Xa2S20i) solution. Continue the 
bofling for hour, filter, using suction and wash several times with hot water. Ignite 
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the filter paper in a porcelain crucible, dissolve the residue with 6 to 8 drops of con- 
centrated nitric acid (HNOs) and carefully evaporate to dryness over a low flame until 
all of the nitric acid is e)^lled. Dissolve the residue by heating gently with 10 ml. 
of N/10 sulfuric acid (HjSOO, wash into a 250 ml. Erlenmeyer &sk and add a little 
sodium carbonate (Na^COj) to precipitate basic copper carbonate. Acidify with acetic 
acid (CjH 40 j), cool and add from 2 to 5 grams of potassium iodide (KI) crystals. Titrate 
the liberated iodine with N/lOO sodium thiosulfate (Na 2 S 203 ) until the color becomes 
light yellow. Then add about 0.5 ml. of freshly prepared starch solution and complete 
the titration with N/lOO sodium thiosulfate until the blue color disappears. 

Ml. N/lOO NaiSAX.063 


Weight of Sample 


- = % Copper. 


ANALYSIS OF SODIUM CARBONATE 

Soda Ash 

Sodium carbonate, NazCOa (soda ash), and tw^o forms with water of 
crystallization crystal carbonate, Na2C03-H20, and soda crystals or washing 
soda, NazCOa- lOHjO, are commonly known. In the analysis of soda ash the 
customary demand is for total alkali, sodium carbonate, sodium bicarbonate, 
and sodium chloride. In a complete analysis, including the insoluble residue 
iron, Fe208, sodium sulfate, sodium thio-sulfate, sodium .sulfite, sodium sulfide, 
sodium silicate, sodium hydroxide, alumina, and W'ater may be required. 


Procedure 

Total Alkali, Na20. — Five grams of the soda ash are dissolved in 50 ml. of 
distilled water, preferably in an Erlenmeyer flask, with a funnel, the stem 
extending in the neck of the flask. 95 ml. of normal sulfuric acid are added 
and the solution boiled gently to expel the CO;, the funnel prevents loss during 
boiling. After cooling, methyl orange indicator is added and the titration 
completed. The end-point is a faint pink color. 

1 mi, N/H2S04 = .031 gram Na20. 

Note. — “New York and Liverpool test“ the value of 1 ml. N‘H2SO|=.032 g. NagO. 

Sodium Bicarbonate, NaHCO^. — Five grams of the soda ash are dissolved 
in 100 ml. of water and the solution titrated with normal sodium hydroxide 
until a drop of the solution on a spot plate produces an immediate dark color 
with a drop of silver nitrate. 

1 ml. N/NaOH = .084 gram NaHCO,. 

Sodium Carbonate. — Deduct the ml. titration of NaOH for NaHCOa from 
the ml. HjSOg titration for NatO, the difference in ml. multiplied by .053 
= gram Na2COi. 

Sodium Chloride. — Two grams of the ash by the ammonia-soda process or 
5 grams by the Leblanc process are dissolved in 50 to 100 ml. of distilled water 
and 6 ml. of colorless HNO, (sp.gr., 1.42) added. 2 ml. of ferric ammonium 
sulfate are used aa indicator,*^ followed by a few drops of N/20 KCNS solution, 
the exact amount of this being noted. The chloride is now titrated with N/20 

* Ferric ammonium atdfaie 6% solution made by dissolving the salt in 50 parts of 
W'ater to 6 ports of salt and adding an equal volume of colorless nitric acid. 
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AgNOj solution** until the color is just destroyed, then 1 ml. in excess is added. 
The precipitate is filtered off and washed. The filtrate and washings are now 
titrated with N/20 KCNS to a permanent pink color.*’ 

The total ml. KCNS is deducted from the ml. AgNOa added and the differ- 
ence multiplied by 0.002923 = gram NaCl. 

Note. — See Volhard's method for chloride in Vol. I, page 271. 

In addition to the above determinations the following may be desired: 

Insoluble Matter. — Fifty grams of the soda ash are dissolved in about 500 
ml. of water the insoluble matter allowed to settle, the clear solution decanted 
through a double filter, which has been weighed, and finally the residue washed 
onto the filter. The residue and filters are dried at 100® C. and weighed. 

Weight minus tare of filters multiplied by 100 — per cent insoluble matter. 

Iron, Alumina, Lime and Magnesia. — These are determined in the insoluble 
residue by dissolving out by means of dilute fij’^drochloric acid. The residue 
consists of sand and carbonaceous matter. Iron and alumina are precipitated out 
together by addition of ammonia according to the standard procedure, and 
determined as oxides, Fe 203 and AI 2 O 3 . Iron may be determined in this 
residue by dissolving in HC! and titrating with stannous chloride according to 
the procedure given in Vol. I, page 373. Alumina is obtained by difference. 
Lime and magnesia will be found in the filtrates from iron and alumina pre- 
cipitates. Calcium is thrown out as an oxalate and magnesium as a phosphate 
and determined as usual. 

Sodium Sulfate. — Dissolve 5 to 10 grams in dilute HCl and add BaCh*. 
The precipitate BaSOi is wa^=hed and ignited as usual. 

BaSO^X 0.6086 = gram Na2S04. 

Sodium Sulfite. — 5 grams are dissolved in water anrl the solution acidified 
with acetic acid. Starch solution is added and the sulfite titrated with N/10 
iodine until the blue color appears. 

1 ml. N/10 1=0.006303 gram Xa.SOa. 

Sodium Silicate. — Ten grams of the soda ash are treated with an excess of 
HCI and the solution evaporated to dryness, the silica dehydrated at 110® C. 
After leaching with water the insoluble SiOz is determined by filtering off and 
igniting by the standard procedure. 

SiOaX 2.0282 = Na2Si03. 

Sodium Sulfide. — This may be estimated by titration with an ammoniacal 
solution of silver nitrate (13.81 g, silver per liter= 1 ml. = .005 g. Na 2 S), Ad<i 
the reagent until no further precipitation occurs of Ag 2 S. To get a good end- 
point the solution is filtered just before this p<dnt is reached and the titration 
completed. See also chapter on Sulfur, Volume I. 

Loss on Ignition. — The sample 10 grams is ignited at a temperature slightly 
below 3(X)® C. The loss is due largely to water and organic matter. 

®N/20 silver nitrate contains 8.495 g. AgNO* per liter. Standardize against pure 
Naa. 

*’N/20 potassium thiocyanate, KCNS, contains 4.86 grams of the salt per liter. 
The solution should be standardized against the silver nitrate solution. 
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MODIFIED SODAS 

Causticized Ash 

The determination of total alkali, sodium hydroxide and sodium carbonate 
are generally required. 20 grams of the sample are dissolved in water and the 
solution made to one liter. Aliquot portions of this solution are taken for 
analysis. 

Total Alkali. — The determination is similar to that described for soda ash 
on page 22GJ., the test being made on 50 ml. of the solution equivalent to 1 gram 
of sample. It is advisable to add a slight excess of N/HoSO^ and titrate back 
with N/NaOH using methyl orange indicator. The end-point is a faint pink. 

1 ml. N/H2SO4 = 0.031 gram Na20. 

Sodium Hydroxide. — Fifty ml. of the sample equivalent to 1 gram of the 
solid is taken. The analysis is the same as that described for determining 
XaOH in caustic soda on page 2255. 

Sodium Carbonate. — The difference between the acid titration for total 
alkali and that for sodium hydroxide is multiplied by 0.053 = gram NaaCOs. 

Washing Soda (Neutral Soda) 

The determination of total alkali, sodium carbonate, sodium bicarbonate, 
and sodium cldoride are generally required. The method of analysis is the 
same a.s has been do.se ri bed under soda ash. See page 2261. 

Methods kor Testing Super Alkalies 

Preparation of Sample. — Weigh about 40 grams of the sample, using a weigh- 
ing bottle ami taking the weight of sample by difference. Wash into a standard 
500 ml. graduated flask with distilled water, cool to room temperature, dilute 
to the mark and mix thoroughly. Use aliquot portions of this solution for the 
determinations. 

AH calculations below refer to the weight of tliis original sample 

Total Alkali (Na20). — Titrate 25 ml. of the prepared solution in a 6 inch 
porcelain dish with N/1 ILSOi, msing 3 drops of methyl orange as indicator. 

ml. N71 ILSO4X62.0 ^ ^ 

ttt; — } — — j JsajO. 

t. of original sample 

Sodium Hydroxide (NaOH). — To a 25 ml. aliquot of the prepared sample in 
a 6 inch porcelain dish, ad 4 about 100 ml. of BaCU solution and titrate with 
N71 HCl, using 5 or 6 drops of phcnolphthalein as indicator, until the pink 
color is discharged. 

ml. N/1 HC1X80.02 ^ 

Wt. of original sample 

Sodium Carbonate (Na 2 C 03 ). — (% Na30“% NaOHXO.7748) X 1.7097 
-% Na^CO,. 

The Solvay Process Company’s Standard Method by courtesy of the Company. 
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Methods for Testing Neutral (Modified) Sodas 

Total Alkali (NazO). — Weigh accurately 5 grams of the sample and dissolve 
in about 100 ml. of distilled water in a 250 ml. beaker. Titrate with N /I HiSO*, 
using 3 drops of methyl orange as indicator. 


ml. N/1 H,SO^X3.1 
Weight of sample ° 


Na^O. 


Sodium Bicarbonate (NaHCOj). — Place 8.4 grams of the samiJle in a 250- 
ml. beaker, dissolve in 50 ml. of distilled water and titrate with N/1 NaOH 
until a drop of the solution added to a drop of freshly prepared silver nitrate 
indicator on a spot plate gives instantly a dark color. 


ml. N/1 NaOHX8.4 
Weight of sample 


-% NaHCO,. 


Sodium Carbonate (NazCOa). — (% Na20“% Na H CO a X. 3690) XI. 7097 
= % NazCOa. 

Sodium Chloride (NaCI). — Dissolve 5 grams of the sample in 50 ml. of 
distilled water in a 250-ml. beaker. Acidify slightly with iron indicator solu- 
tion. Add a few drops of N/20 KCNS from a burette, noting the quantity; 
then titrate, while stirring constantly, w'ith N/20 AgNOj to complete de- 
colorization. Finally titrate back with N/20 KCNS until a faint reddish color 
persists, 

(ml. N/20 AgNOa-ml. N/20 KCNS)X.2923 ^ 

■ . , — j =“% i>aCi. 

\V eight of sample 


Moisture (HzO).— 100 %-(%Na 2 C 03 + %NaHC03+%NaCl) = % H 2 O. 
(By difference). 


Analysis of Sodium Bicarbonate ” 

Place in a tared platinum crucible 4 g. of sodium bicarbonate and record 
the total weight. (Weight A.) Dry the sample in a desiccator for 24 hours 
over cone. H 2 SO 4 and weigh. (Weight B.) 


( 1 ) 


(A-B)XIOO 

4 


= % moisture. 


Heat the platinum crucible for about 2 or 3 hours in a muffle at temperatures 
between 500 and 600® F. Cool in a desiccator. (Weight C.) 

(B-C)X2.7097_Xip0^y^^^^CO,. 

4 

*‘By courtesy of the Diamond Alkali Company through the kindneaa of J. D. 
Mattem. 



ALKALIES 


2265 


Dissolve the contents of the platinum crucible in water and titrate with 
normal HCl using methyl orange as indicator. 


ml.X.053Xl00 


= % Na20 expressed as N’a2C03 as found in expression 2. 


% Bicarbonate X 84 
53 


= % Bicarbonate expressed as Na2C03. 


% total NajCOs minus % NajCO^ from bicarbonate is equal to % Na2C03 
present in the sample. 


Sodium Carbonate Determination in Sodium Hydroxide 

Commercial sodium hydroxide is now manufactured in a high degree of 
purity. The sodium carbonate contents may be found in some instances as 
low as .4%. In order to determine the exact amount of Na2C03 present in 
the sample the common methods using 1 or 2 g. of sample cannot be applied 
because the difference in the two burette readings will be as little as .1 ml. 
(1/10 of 1 ml.). 

Weigh out 220 g. of NaOH or if caustic liquor should be analyzed 440 g, 
of liquor, dissolve in H2O and make volume up to 500 ml. Fill in a burette 
50 ml. of this solution. Fill 500 ml. burette with normal HCl. Run out 
exactly 500 ml. into a liter beaker (lower mark of the burette). Add 300 ml. 
H2O. Add 3 or 4 drops of methyl orange and titrate the acid with the NaOH 
solution in the 50 ml. burette until color changes to yellow. Note number of ml. 
of caustic used. Titration A. Place in another beaker exactly the same 
amount of caustic solution out of the same burette. Add 300 ml. 10% BaCL 
solution and 3 or 4 drops phenolphthalein. Now titrate with normal HCl 
filled in the 500 ml. burette, until pink color just disappears. Titration B. 

Titration BX.04X100 ^ 

= % NaOH, 

(A -B)X. 053X100 ^ _ 

= % NajCOj. 


Determination of Sodium Carbonate and Hydroxide in a 
Mixture. Winkler^s Method 

Principle. — A weighed portion of the sample is tested for total alkalinity 
with standard acid, using methyl orange indicator. A second weighed portion 
is treated with an excess of barium chloride reagent, which precipitates the 
carbonate leaving the hydroxide. This may now be titrated using phenol- 
phthalein indicator. The reactions below show the steps of the procedure. 

A. NatCOi -|-H5S04 = NaiS04 -j-HaO+COj. Methyl orange indicator. 

2NaOH +112803 “NajSOi +H2O. Methyl orange indicator. 

B. NaiCO, +BaCl2 “BaCOa +2NaCl. 

2NaOH+BaCl2 «Ba(OH)2+2NaCl. 

Ba(0H)j+H2S04« BaS04 +2H2O. Phenolphthalein indicator. 

“By courtesy of the Diamond Alkali Company through the kindness of J. D. 
Mattem. 
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Procedure. — Dissolve in a beaker 5-6 grams of the powder (carefully 
weighed) in water, transfer to a 500-ml. graduated volumetric flask, washing 
out the beaker into the flask. Make the solution to 500 ml. by diluting to the 
mark. For analysis take 100 ml, portion equivalent to 1/5 of the weight taken. 

Portion A. To 100 ml. portion add methyl orange indicator and titrate 
with normal sulfuric acid until an orange red color is obtained. Record the ml, 
titration and mark as A/’ This titration is due to the total Na 2 C 03 and 
NaOH. 

Portion B, To 100 ml. portion 20-25 ml. of a 20% solution of BaCl?. Add 
phenol phthalein indicator and titrate slowly with constant stirriftg with the 
normal acid, and record the ml. under B,” This is due to XaOH present in 
the sample. 

Calculation^ — A ” is total alkalinity. 

“ A B ” is XaoCoL Multiply ml, by 0.053. 

“ B ” is XaOH. ^Multiply ml. by 0.04. 

Notes. — Stirring is necessarj' in titration '‘B” since the acid mast not be allowed to 
react with BaCOj as it would if there were an accumulation f)f the acid in one |x>rtion 
of the solution. 

Total alkalinity may be determined by phenol phthalein by tlic following procedure. 
Titrate the solution in presence of this indicator, Xow lieat to l>oiling to e.xpel COi, 
cool and again titrate. Repeat this as long a.s a color appears on boiling. When the 
solution remains colorless on boiling the end-point has been readied. 


EsTIMATIOX of the C.VRBO^ATES AN'D HyDROXIDE.S of P0TA.SSIUM A\D 

Sodium When together ix Solution*^ 

Procedure. — A measured volume of the solution is titrated, using phenol- 
phthalein as indicator. The acid used is equivalent to all of the hydrate and 
half the carbonate; methyl orange is now added and the titration completed; 
the additional amount of the acid used is equivalent to half the carbonate, 
therefore the amount of acid required for the carbonates and for the hydrates 
can be calculated from these figures. 

The fully neutralized solution is evaporated to dryness and the residue 
weighed. The result is the weight of the mixed sulfates, due to the carbonates 
and hydrate.s of potassium and soda in the solution. 

Calculate the total acid required to its equivalent of potassium sulfate, sub- 
tract from this result the weight of the mixed sulfates, and the difference is due 
to the sodium sulfate in the mixed sulfates, owing to the difference in the mole- 
cular weights of potassium sulfate and sodium sulfate. The whole of the acid 
used has Ijeen calculated to potassium sulfate, and as the acid was neutralizejl 
by carbonates and hydrates, it is evident the proportion of total sulfate, due to 
the carbonates and hydrates, is equivalent to the amount of the acid used for 
each respectively; therefore the proportion of the above obtained difference due 
to the carbonates and the hydrates respectively is also proportional to tlie 
amount of acid used for each. 

^ W. A. Bradbury and F. Owen. Chem. News, 107, 85, 2778 (1913). 
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Example. — A solution of the mixed carbonates and hydrates of potassium 
and sodium required : 

(40 ml. NaOH : 40 ml. KOH) 80 ml. of acid to neutralize the hydrates. 

(10 ml. Na2C03 : 10 ml. K2CO3) 20 ml. of acid to neutralize the carbonates. 

100 ml. total acid required to neutralize the solution. 

Total acid 100 ml. calculated to K2SO4 =0.87 gram. 

Total neutralized solution evaporated to dryness (K2SO<+Na2SOd 

= 0.79 gram. 

Difference due to Na^SO^ in weighed sulfates =0.08 gram. 

(K^SOi-Na^SO^) : Na2S04 : : Diff. ; 

32 : 142 : : 0.08 : 0.355 Na2S04 present in the mixed sul- 

fates. 

And the mixed sulfates 0.79 gram — 0.355 = 0.435 K2SO1 present in the mixed 
sulfates. 

Therefore the mixed sulfates consist of Na2S04 0.355 gram, K2SO4 0,435 
gram. 

Tlu? proportion of the acid used for the hydrates is 80/100 and for the car- 
bonates is 20/100. 

Therefore the proportion of the difference (0.08) due to Na2S04 from the 
hydrate NaOH is 0.08X80/100 = 0.004. For the carbonates = 0.08X20/100 
= 0.01G. 

Hv the above ratios 32 : 142 : ; 0.064 : 0.284 Na2S04 from NaOH = 40 ml. 
N/10 acid. 32 ; 142 : : 0,010 ; 0.071 Na2S04 from Na2CO = 10 ml. acid, 

80 ml. acid used for the hydrates =0.696 K2SO4. 

0.284 Na2S04 from the NaOH =0.348 K2SO4. 

Difference = K2SO4 from KOH =0.348 = 40 ml. N/10 acid. 

20 ml. acid used for the carbonates = 0.174. 

0.071 NiisSOi from the Na^COs =0.087. 

Difference = K2SO4 from K2CO3 =0.087 = 10 ml. acid. 


The figures correspond with the quantities taken. 

80 ml. of acid to neutralize the hydrates. 
20 ml. of acid to neutralize the carbonates. 


Na2S04 = 0.355 


NaOH 0.284 = 40 ml. acid 
Na2C03 0.071 = 10 ml. acid 


K2SO4- 0.435 


fKOH 

I-K2CO3 


0.348 = 40 ml. acid 
0.087 = 10 ml. acid 


j*80 ml. acid. 
j-20 ml. acid. 


Totals 0.790 0.790(a) 100, 


Calculate these sulfates to the corresponding hydrates and carbonates. 


Optional Method for Detehmination of Sodium BrcARHON.\TE and 
Sodium Carbonate in Presence of One Another 

Five grams of the sample are dissolved in COrfree water, and the solution 
made up to exactly 250 ml. in a measuring flask. Aliquot portions of 25 ml., 
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AQUA AMMONIA 
Aocx>rdiko to W . C. Ferguson 


Dtfreei 

Baumi. 


Per Ceat 
RH,. 

Befrees 

BaumA. 

Sp. Gr. 

Per Cent 
NH,. 

Beereea 

fiaumi. 

Sp. Or . 

60 * 

Per Cent 
NHi. 

10.00 

1 .0000 

.00 

16.50 

.9556 

11.18 

23 00 

.9150 

23.52 

10,25 

.9982 

.40 

16.75 

.9540 

11.64 

23.25 

.9135 

24.01 

10.50 

.9964 

.80 

17.00 

.9524 

12.10 

23.50 

.9121 

24.50 

10.75 

.9947 

1.21 

17.25 

.9508 

12.56 

23.75 

.9106 

24.99 

11.00 

.9929 

1.62 

17.50 

.9492 

13.02 

24.00 

.9091 

25.48 

11.25 

.9912 

2.04 

17.75 

.9475 

13.49 

24.25 

.9076 

25.97 

11.50 

.9894 

2.46 

18.00 

.9459 

13.96 

24.50 

.9061 

26.46 

11.75 

.9876 

2.88 

18.25 

.9444 

14.43 

24.75 

.9047 

26-95 

12.00 

.9859 

3.30 

18.50 

.9428 

14.90 

25.00 

.9032 

27.44 

12.25 

.9842 

3.73 

18.75 

,9412 

15.37 

25.25 

.9018 

27.93 

12.50 

.9825 

4.16 

19.00 

.9396 

15.84 

25.50 

.9003 

28.42 

12.75 

.9807 

4.59 

19.25 

.9380 

16.32 

25.75 

.8989 

28.91 

13.00 

.9790 

5.02 

19.50 

.9365 

16.80 

26.00 

.8974 

29.40 

13.25 

.9773 

5.45 

19.75 

.9349 1 

17.28 

26.25 

.8960 

29.89 

13.50 1 

.9756 

5.88 

20.00 

.9333 

17.76 

26.50 

.8946 

30.38 

13.75 

.9739 

G.31 

20.25 : 

.9318 

18.24 

26.75 

.8931 

30.87 

14.00 

.9722 

0.74 

20.50 i 

.9302 

18.72 

27.00 

.8917 

31.36 

14.25 

.9705 

7.17 

20.75 ; 

,9287 

19.20 

27.25 

-8903 

31.85 

14.. 50 

.9689 

7.61 

21.00 

.9272 

10.68 

27.50 

.8889 ' 

32.34 

14.75 

.9672 

8.05 

21.25 

.9256 

20.16 

27.75 

.8875 

32.83 

15.00 

.9655 

8.49 

21.50 

.9241 

20.64 

28.00 

.8861 

33-32 

15.25 

1 .9639 

8.93 i 

21.75 

.9226 

21.12 

28.25 

.8847 

33.81 

15,50 ‘ 

.9622 

9.38 

22.00 

.9211 

21.60 

28.50 

.8833 

34.30 

15.75 

.9605 

9.83 

22.25 

.9195 

22.08 

28.75 

.8819 

34 79 

16.00 ^ 

.9589 

10.28 

22.60 

.9180 

22.56 

29.00 

.8805 

35.28 

16.25 1 

.9573 

10.73 

22.75 

.9165 

23 04 





allowance for temperature 

The coefficient of expansion, for ammonia solutions, varying with the 
temperature, correction must be applied according to the following table: 


Cormtiona to be Added for Eacb 
BegTia Below 6a* F. 

Correctioni to be Subtracted for Bacb Degree 
Abore 6o"F. 

Becreee 

Batund. 


So*F. 

7o“P. 

8o*F. 

eo*F. 

106 * F, 

14“ 

. 016 ® 

. 017 ® 

. 020 ° 

. 022 ® B6 

. 024 * B6 

. 026 * Bd 

16® 

.021 ” 

.023 " 

.026 “ 

.028 '' 

.030 “ 

.032 “ 

18® 

.027 “ 

.029 “ 

.031 " 

-033 

035 “ 

.037 

20® 

.033 “ 

.036 " 

.037 " 

.038 

040 “ 

.042 « 

22® 

.039 “ 

.042 “ 

.043 " 

.045 “ 

.047 ** 


26® 

.053 " 

,057 “ 

.057 “ 

.059 
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equivalent to 0.5 gram, are taken for analysis. The sample taken is titrated 
with N/5 hydrochloric acid in presence of phenolphthalein indicator (2-3 drops). 
The ml, titration recorded as A/' represents one half of the sodium carbonate 
present. Methyl orange indicator is now added (2-3 drops) and the titration 
with the acid continued until the solution turns faintly pink. The remaining 
carbonate and all of the bicarbonate are now titrated. The ml. titration is 
recorded as B. 

2AX0.0106-NaaC03 and B - AXO.0168 = NaHCOa. 

The author desires to acknowledge his indebtedness to. Dr, B. Hicks, 
Chief of the Analytical Department, The Solvay Process Company, for his 
review of the section on Alkalies, 

Determination of Small Amoimts of Acid in Ether, — L. P, Hall, Ind. Eng. 
Chem., Anal. Ed., 2, 244 (1930), recommends the use of sulfophthalein indicator 
such as bromothymol blue for the titration. Care should be exercised against 
CO2 contamination. Color changes from green to blue. 


ANALYSIS OF AQUA AMMONIA 

Details for the complete analysis of crude ammoniacal liquor will be found 
in Volume I on page.-? 637-639. 

The per cent ammonia in a solution free from other substances may be 
determined with a fair degree of accuracy by determining the specific gravity 
of the solution by means of the hydrometer. Since the specihe gravity of 
aqua ammonia is less than 1, hydrometers graduated for measuring liquids 
lighter than water are used. The formula for 1 degree Baume == (HO/sp.gr.) 
—130. Reference is made to the table on Aqua Ammonia. 

Provided no other basic constituent is present, free ammonia in solution is 
best determined by direct titration with an acid in presence of methyl orange 
or methyl red as indicator. 

Procedure, — About 10 grams of the solution iff a weighing bottle with glass 
stopper is introduced into an 800-mI. Erlenmeyer flask containing about 200 ml. 
of water and sufficient J normal sulfuric acid to combine with the ammonia 
and about 10 ml. in excess. The flask is stoppered and warmed gently. This 
forces out the stopper in the weighing bottle, the am^nia combining with the 
acid. Upon thorough mixing, the solution is coole^ and the excess of acid 
Ls titrated with half normal caustic. 

One ml. J N *112304 = 0.0085 gram NHj. 

Factor. H2SO4 XO.3473 = NH,. 

Note, — The aqua ammonia exposed to the air v\4l] lose ammonia, hence the sample 
should be kept stoppered. This loss of ammonia is quite appreciable in strong ammoni- 
acaJ solutions. 

ZiNX’ Chloride Metho1> for Determinino Free Lime in 
Presence of Calcium Carbonate 

The following procedure is of interest to the sugar chemist. The method 
developed by John C. Bailar, Great Western Sugar Company, depends upon 
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masking by means of a green dye the faint pink color produced by calcium 
carbonate in. water on phenolphthalein. The color of the dye docs not interfere 
in the .titration of the alkalinity of calcium hydroxide. The cheapness of the 
procedure as compared with the iodine method commends its use in the com- 
mercial laboratory. 

Solutions: Zinc Chloride Solution , — This is made by dissolving 25 grams of 
the salt in a liter of water and filtering. 1 ml. of this solution is equivalent to 
about 0.01 g. CaO. 

Sodium Hydroxide Solution , — The solution is made of such strength that 
1 ml. is equfvalent to 1 ml. of the zinc chloride solution 
j Indicator . — 5 grams of phenolphthalein are dissolved in 500 ml. of 95% 
alcohol. This is mixed with a solution containing 2 grams of Alkali Fast 
Green E dissolved in 500 ml. of water. 

Standardization. — The sodium hydroxide solution is standardized against 
a standard acid. The zinc chloride solution is now standardized against the 
alkali as follows: Into a liter flask containing 500 ml. of boiling hot distilled 
water 25 to 50 ml. of the NaOH solution are accurately measured from a 
burette.. About 0,5-1.0 ml, of the indicator is added and the zinc chloride is 
run in until a green color is obtained that persists for half a minute. 10 ml, 
excess of the ZnCh solution are now added and this excess, after vigorous 
shaking, is titrated with the NaOH solution until a lavender (not pink) color 
is obtained. 

Determination. — In a dry one-liter flask is placed 1 gram of the sample. 
500 ml. of boiling, COr-free water are added. As soon as the lime has hydrated, 
the solution is titrated with zinc chloride solution until a green color appears, 
an excess of zinc chloride is added and the excess determined with standard 
NaOH solution as in case of the standardization above. The end-point is a 
lavender color. 

Notes. — The flask used with the lime determination must be dry, otherwise the 
water in small amount reacting with the sample will cause difficulty in the subsequent 
procedure. 

The quantity of indicator in standardization and the determination must be the 
same, as the quantity influences results. The Alkali Fast Green E dye is made by the 
National Aniline Company, Buffalo, N. Y. 


ANALYSIS OF ALKALINE MLXTURES 
Sodium Cajibonaxe, -Bicarbonate, -Borate 

The determination of -sodium carbonate, sodium borate and sodium bi- 
carbonate in solids or in solution together with neutral salts can be carried out 
by titration with standard acid and alkali. 

Sampling. — In all determinations in which mixtures of carbonate and bi- 
carbonate arc evolved the contact of the sample with the air or moisture must 
be avoided as far as possible. Solutions of carbonate and bicarbonate w ill be 
altered rapidly until an equilibrium is established, which is independent of 
the initial composition of the sample. 

* Courtesy of H. H. Chesny. 
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In the case of solids weigh out 0.5 to 2.0 g. and make up with carbon 
dioxide free water to 100 ml. Weigh out a second sample for the bicarbonate 
determination. 

In the case of liquid samples the dilution of 10 ml. to 100 ml, is convenient. 
The bicarbonate determination requires an undiluted sample; it is convenient 
to use 2 or 5 ml. 

Procedure. — Total Alkali: Titrate a sample with 0.1 normal hydrochloric 
acid, using as little methyl orange indicator as possible, to the dead neutral 
point. 

Let “ a ” =ml. of 0,1 n HCl used. 

Borax: Use the same sample which has been titrated with the hydrochloric 
acid to the dead neutral point in the titration for total alkali, boil for 2 or 3 
minutes, cool sufficiently, preferably below 20° C., add mannitol “ (3 g. for 
each gram of Na2B407) or cerelose (30 g. for each gram borate), followed by 
phenolphthalein indicator (excess not harmful) and titrate with 0.1 normal 
sodium hydroxide solution until a pink color is obtained. Add more of the 
polyhydroxy compound and, if a fading of the pink color occurs, continue the 
titration with the sodium hydroxide solution until on addition of mannitol or 
cerelose no more fading takes place. 

Let “ b ”“ral. of 0.1 n NaOH used. 

Bicarbonate: The separate samples (as described under “ sampling ^') are 
used for this determination. The samples are placed in a dry flask and at 
once an exce.ss of 0.1 normal sodium hydroxide solution is added, the solution 
shaken gently for a few seconds (shaking violently too long will result in 
absorption of carbon dioxide from the air) followed by a slight excess of neutral 
barium chloride solution. 

Let “ c ^' = ml. of 0,1 n NaOH added. 

The solution together with the white precipitate (consisting of barium 
carbonate (and sulfate)), is titrated with 0.1 normal hydrochloric add using 
phenolphthalein as indicator until colorless. 

Let “ d ” = ml. of 0.1 n HCI used. 

Determine the carbonate content of the sodium hydroxide solution by 
measuring out 100.0 ml., adding barium chloride and phenolphthalein indicator 
and titrating with 0.1 n HCI. 

Let of O.ln HCI used. 


Calculation : 

Toted alkali WajO.* a times 0.0031 **g. of NajO in sample taken. 
Bicarbonate NaHCOt: C(^' c e ^’/lOO) -('‘ d " 6 ’')X0.0084]*g. 
of sodium bicarbonate in sample taken. Note: The actual weights of the 
original sample used for the titration on total alkali and borax *• must be equal 

*• Mannitol as well as cerelose should be tested for neutrality. 

** In the presence of large amounts of borax the precipitate is filtered off and washed 
carefully with COrfree water. 
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to the weight of the undiluted sample taken for the bicarbonate determination, 
or due allowance for the ration between the number of ml. used in a” 6,'' 
c’' and d must be made, if a different weight is taken. 

Borax Na2BiOTlOH20: '‘b” times 0.00955 = g. of sodium tetraborate 
decahydrate, or times 0.00505 = g. of anhydrous sodium tetraborate in 
sample taken, 

For more accurate analysis; 

”/100) + ( '‘ & ” X0,02(100-*^ 

‘‘ times the above given factors equals the grams of borax. 

(Sodium carboncUe A^UiCOa; “ a c ’'X'' e ’’/lOO) ^ 

X0.0053-g. of sodium carbonate in sample taken. 



DETERMINATION OF pH BY THE 
COLORIMETRIC METHOD' 

Introdhctort 

Acidity and alkalinity have long been recognized as important factors in 
practically all branches of research and industrial work. Sugar manufacturers 
and refiners, electro platers and electrotypers, paper manufacturers, sanitary 
engineers, agriculturists, bacteriologists, biologists, pathologists, etc., have 
therefore used various methods for detecting and controlling acidity and al- 
kalinity, since they have learned by experience that this factor has a very 
marked effect on the yield and quality of their products, the efficiency of manu- 
facturing processes, corrosion of metals, adsorption of dyes by fabrics and clays, 
the stability of various materials, the growth of bacteria, the diagnosis of 
diseases, etc. 

The colorimetric method of measuring hydrogen ions has many advantages 
that appeal to practical workers. It is rapid and simple in operation and 
compared to other methods very inexpensive. The entire pH range or any 
portion of it can be covered by means of portable equipment for use in factory 
or field. The difficulties are such as can invariably be remedied. For these 
reasons the colorimetric method is now’ being used for investigation and control 
in every field where the determination of hydrogen ions is important. 

By mutual agreement the hydrogen electrode is regarded as the funda- 
mental standard in all determinations of hydrogen ion. All other methods are 
secondary w’hether potentiometric (quinhydrone electrode, glass electrode, 
antimony electrode) or colorimetric. All .such methods must be standardized 
against the hydrogen electrode. 

Meaning of pH 

Intensity of heat is expressed as degrees on the thermometer scale, and 
density as degrees on the Baume scale. Similarly the pH scale is used to denote 
intensity of acidity and alkalinity. 

The numbers from 0 to 14 are used to express pH values, that is, intensity of 
acidity and alkalinity. The value pH 7.0, halfway between 0 and 14, is the 
neutral point; that is, a solution having a pH of 7.0 i.s neither acid nor alkaline. 
The numbers below 7.0 denote acidity, intensity of acidity increasing a.s the 
numbers decrease. Thus a solution of pH 6.4 is very slightly acid, one of pH 6.0 
is more intensely acid and one of 4.6 is still more intensely acid, etc. 

On the other hand the numbers between 7.0 and 14.0 are used to denote 
alkalinity, the intensity of alkalinity increasing as the numbers increase. Thu-s 
a solution of pH 7.2 i.s very slightly alkaline, one of pH 6.6 is more intensely 
alkaline and one of 10.4 is still more intensely alkaline. These numbers repnv 
sent absolutely definite degrees of acidity and alkalinity and therefore a state- 

1 Chapter by W. A. Taylor and F. R. Me Cnimb, W. A. Taylor & Co. 
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merit such as “acidify to pH 5,6^' or “make alkaline to pH 9.4^’ has a very 
definite meaning which cannot be expressed by the terms “slightly acid or 
alkaline.” 

The values used in the pH scale are derived in the following manner. If 
N/10 solutions of the three acids, hydrochloric, acetic and boric are titrated 
under suitable conditions it is found that the total acidity is the same in all 
cases. It is apparent, however, that these three acids differ radically in proper- 
ties. Hydrochloric acid is a powerful acid whereas acetic and boric are relatively 
weak. Bases also show differences even when the total neutralizing ability is 
the same. 'Solutions of .sodium bicarbonate, sodium carbonate and sodium 
hydroxide are entirely different even when the strengths are such that they 
will neutralize the same amount of acid per unit volume. These facts have 
been known for years but it was not until the ionization theory was developed 
that they could be explained. 

The theory of ionization holds that certain types of chemical compounds are 
split apart or dissociated in aqueous solution, yielding electrically charged parti- 
cles known as ions. These ions are responsible for many of the properties of 
aqueous solutions. One general property is conduction of electric current. 
When acids are dissociated they produce hydrogen ions and negative ions, 
and the acidic nature is determined by the extent to which such 
dissociation occurs, acidity being due to the hydrogen ions. Strictly speaking 
free H ions probably do not exist in aqueous solution as such but probably 
combine with water to form Practically this does not affect our assump- 

tions. The differences among the three acids named above are due to the 
concentration or activity of hydrogen ions which they produce. In 0.1 N 
solutions these are roughly in the proportions hydrochloric 15,000, acetic 200, 
boric 1. 

In a similar way bases produce hydroxyl ions, and the 

basic nature of an alkaline solution is determined by the extent to which such 
dissociation occurs, alkalinity being due to the hydroxyl ions. For example 
the ratios of the concentrations of hydroxyl ions in 0.1 N solutions of sodium hy- 
droxide, sodium carbonate and .sodium bicarbonate are roughly 16,667 : 667 : 1. 

The fundamental reaction between acids and bases in aqueous solutions is 
between hydrogen and hydroxyl ions to produce water, thus 
(II 2 O). Since pure water conducts a current to a very small degree this reaction 
must be slightly reversible, i.c. even in pure water some hydrogen and hydroxyl 
ions must exist. Ho%vever this ionization is extremely slight only 1 molecule 
of water in about 555,000,000 being dissociated. Using the symbols for 
concentration, hydrogen ions [H^], hydroxyl ions [OH"] and uiidissociatcd 
water [HiO], according to the law of chemical mass action, the product of 

[H+] and [OH"] divided by [H jO] is constant, i.e. ~ “ Since [H 2 O] is 

extremely large as compared to [H'^j and [OH'j, it can be regarded as constant 
and [H'*'] [OH"]»Kw, the ionization product of water, which at any definite 
temperature is a con.stant. This constant, Kw, has been determined by a 
Variety of methods and found to be approximately 1/100,000,000,000,000 or 
1/10^^ or 10““^^ at 25** G. The use of exponents such as 10"“ enables one to 
readily handle extremely large or small numbers. This can be easily under- 
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stood by recalling that 10X10X10 is the same as 1(P and -iv-X— Ls th« 

j 10 10 10 ^ 

same as — . By using a negative exponent simple fractional terms can be 
dispensed with, i.e. j^ = 10-“, etc. 

if '"“oe'^trations must be the same 

then[H+] = [OH ] = 10-'. A solution in which [H+] = [OH-i 

fo^^a 2.“^ 'I that is ereater than 

10- at 2o C., the solution is acid; whenever [H+] is smaller than [OH-] that is 

IH+HOH-r-K^ ‘s alkaline. From the equation 

I J [OH I - Kw it IS seen that a simple relation always exists between [H+) 

and [OH-], thus [H+] = |^^ . u is therefore unnecessary to refer to OH ion 

concentration at all and the term hydrogen ion concentration is used even when 
alkaline solutions such as N sodium hydroxide, which contain 
hydroxyUom hydrogen ions, the predominating ion being the 

Expre.ssmg hydrogen ion concentrations as 1/10,000,000 or even a.s 10’^ is 
eriremely inconvenient For this and other reasons, such as plotting curves 

expres.sing such values in terms of the 
negative logarithm to the base 10. He called this the hydrogen exponent and 
pve It the sjrobol pH. Thus pH is the negative logarithm of the hydrogen 
ion concentration or the logarithm of the reciprocal of the hydrogen ion con- 

centration, i.e. pH = -log [H+] = log and [H+] - 10--H. Accordingly if in 
a neutral solution [H+] = IQ-', the pH will be 7.0. Similarly pOH is the loga- 
rithm of the reciprocal of the hydroxyl ion concentration, pOH = log — ^ 

and pKw is the logarithm of i . If Kw = 10-“, pKw = 14. The relationship 

recalling that if (H+1 [OH-] 
-Kw = 10 “, then pH+pOH = pKw=14, and pH = 14-pOH So in nure 
° HCl where [H+] = 10-> dH- 2 0 ^ In 
0.01N NaOH where [OH-].10--, pOH = 2.0 and pLl4l2-i;S 

should^lw ‘k '°K">‘>>m) sometimes causes confusion at first. It 

acrivl^ac H^?^ remembered that a decrease in pH denotes an increase in 

?n . Jf; m r “"ease “ pH denotes a decrease in active acidity (increase 
haWnL e“ee pH is a logarithmic function, a solution 

SimiUH V a ,n? **1.*™®® a® “any hydrogen ions as one with pH 7.0. 

l^Ime ®‘’“^“® 100 ‘‘“es and a solution with pH 4.0, 

1000 times as many hydrogen ions as one with pH 7.0. 

malBv"“ff M hydrogen ion concentration is in terms of nor- 

Wif i 1 8- available (ionizable) hydrogen 

1 ♦ ^ normal. Similarly a solution can be said to be normal 

th respect to hydrogen ions when it contains 1 g. of ionissed hydrogen per liter. 

[H^ “ reciprocal of the normality of hydrogen ions, pH can be defined 
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as the logarithm of the denominator expressing such normality. Thus when 

(H+l = pH = log 100 = 2.0. When [H+] = pH = log 10,000 = 4.0, etc. 

The relationship between pH and hydrogen ion concentration is shown in the 
table below. Expressing [H"^] both as decimal fractions and as 10 with negative 
exponents shows how pH is derived. 


H-Ion Concentration 


pH 

1.0 

. .. 10 “ 

0.0 


... 10-1 

1.0 

0.01 

... 10 -^ 

2.0 

0.001 

... 10 -® 

3.0 

0 . 000,1 

... 10 -* 

4.0 

0 . 000,01 

... 10 -^ 

5.0 

0 . 000,001 

. . . io -« 

6.0 

0 . 000 , 000,1 

... 10-7 

7.0 

0 . 000 , 000,01 

0 . 000 , 000,001 

. . . 10-8 

8.0 

... 10 -’ 

9.0 

0 . 000 , 000 , 000,1 

, . . 10 - 1 “ 

10.0 

0 . 000 , 000 , 000,01 

. . . 10 -“ 

11.0 

0 , 000 , 000 , 000,001 

... 10 -“ 

12.0 

0 . 000 , 000 , 000 , 000,1 

... 10 -“ 

13.0 

0 . 000 , 000 , 000 , 000,01 

... 10 - 1 * 

14.0 


Several concrete examples may serve to make clear the exact meaning of pH. 
Although a X/lO solution of hydrochloric acid contains 3.65 g. of HCl and 0.1 g. 
of ionizable hydrogen per liter, only 84.0% (18° C.) is ionized (active). Recent 
developments in the theory of ionization indicate that strong acids are com- 
pletely ionized and that the degree of ionization ordinarily assumed is only 
apparent being due to interionic forces, Therefore the normality with respect 

0 84 NT 

to ionized hydrogen is not N/10 but Then pH = log 11.90 = 1.08. 


A NVIO solution of acetic acid contains the same amount of ionizable hydro- 
gen as does N/10 HCl namely 0.1 g. but only 1.3% (18° C.) is ionized. The 


0.013 N N 

normality with respect to ionized hydrogen is only ■ — — or and pH is log 


769 = 2.89. 

The apparent degree of dissociation of N/10 NaOH is 92.9% at 25° C. The 

0.929 N N 

normality with respect to OH ions is therefore — — 10^6 is log 

10.76 or 1.03. pH = 14 - 1 .03 = 12.97. 

N 

Dissociation in ^ ammonium hydroxide proceeds only to the extent of 

1.33% at 25° C. Normality with resi>ect to OH ions is therefore only 
0.0133 N N 

-~~-^or;^and pOH = 2.88. pH = 14-2.88 = n.l2. 

When certain salts are dissolved in water not only does ionization occur but 
there is a tendency to react with the water as BA+HOIIfc^HAH-BOH. With 
Balts of strong acids and strong bases such as sodium chloride this tendency is 
zero and such salts do not affect the pH of water. With salts of strong acids 
and weak bases such as aluminum sulfate, ferric chloride, etc. the strong acid 



2278 


DETEEMINATION OF pH 


resulting dominates the weak base and the solution is acid. The reaction for 
aluminum sulfate is Al2(S04)34‘3H20i=?3H2S04-}-Al(0H)3. With salts of weak 
acids and strong bases, the strong base resulting dominates the weak acid 
and the solution is alkaline. The reaction for sodium carbonate is Na2C03 
-{-2H20^H2C03-|~2Na0H. This general reaction is termed hydrolysis and 
salts subject to it are for practical purposes either acids or bases. 


Buffer Action 


In the case of a solution of a single pure acid or alkali, if the concentration 
and degree of ionization (real or apparent) are known, the pH can be calculated 
as shown above. In actual practice such a situation will rarely arise. In- 
variably solutions contain more than one substance. Frequently some of 
these substances form what is known as a buffer system and serve to modify 
and stabilize the pH. 

When 1 ml. of 0.01 \ HCl is added to 1 liter of pure water of pH 7.0, the pH 
will drop to about pH 5.0. If however the same amount of acid were added to a 
solution containing a mixture of KH2PO4 and Na^HPO^ of pH 7.0 the drop in 
pH would be very small. This is illustrated by the curves on page 2279. 
The phosphate mixture has the ability to resist change in pH on addition of acid 
or alkali. It has what is called buffer action and such a mixture constitutes a 
buffer system or mixture. Such action is encountered in numerous solutions 
found in nature and in industrial processes. All mixtures of weak acids and 
their salts or of weak bases and their salts are buffer mixtures. Some of the 
most common buffer mixtures are acetic acid-acetate, carbonic acid (COi-)- 
bicarbonate, citric acid-citrate, mixed phosphates, etc. Other common buf- 
fering substances are proteins (gelatine, casein, etc,). 

The mechanism of buffer action is most easily shown by means of the acetic 
acid acetate system. In a solution of acetic acid dissociation occurs only to a 
small extent as follows, HAc^H'^’-j-Ac'". Sodium acetate however di.ssociates 
practically completely, XaAct^Na‘^-f Ac“ and yields a large number of acetate 
ions [Ac~], A N/10 solution of acetic acid has pH 2.89 but a solution X/10 
with respect to both acetic acid and sodium acetate has pH 4.03. The pH 
has been increased i.e. the H ion concentration has been lowered. The (jiies- 
tion arises as to what ha.s become of the II ions. The mass law equation for 


acetic acid is 


(H+l [Ac-1 


— Ka, where Ka is the ionization constant. If any one 


[HAcl 

of the three concentrations be changed there must be a change in the others 
else Ka could not remain constant. In the ca.se just cited the acetate ion con- 
centration [Ac*"] has been enormously increased .so the H ion concentration 
[H+l ha.s to decrease. The unionized acetic acid will automatically become 
greater so practically what occurs is that more inactive (unionized) acetic acid 
is formed removing H ions from the solution. In this sy.stcm the concentrations 
of acetate ion [Ac] and unionized acetic acid [HAc] are always extremely large 

compared to the concentration of H ions [H"^] .so that the ratio ■ partially 

determines the reaction or pH. This is important when dilution is necessary. 

If small amounts of a strong acid (hydrochloric) be added to the system, tlie 
large concentration of acetate ions quickly converts most of the H ions added (0 
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unionized acetic acid and [H+] increases only slightly. If a base (sodium 
liydroxide) is added H ions arc neutralized but more acetic acid is ionized 
producing additional H ions to take the place of those neutralized and [H+] 
decreases only slightly Of course any buffer system has its limits and large 
amounts of acid or base will overcome the buffer capacity. Each buffer 
system has a rather narrow pH zone over which it functions. However, by 
using different systems i.e. different mixtures, practically the entire pH range 
can be covered. This is extremely advantageous since it is possible to prepare 
solutions of constant pH which serve as standards and it also serves as a means 
of holding &n industrial solution close to the optimum pH. In the case of 
fairly concentrated solutions of strong acids and bases, since the concentration 
of unionized substance is relatively small, there is no reserve supply of H or 
OH ions. However there is such a large concentration of H or OH ions that 
for practical purposes such systems function as buffer systems. For example 
when the concentration of either K/10 HCl or N/10 XaOH is reduced to N/lOO, 
the pH is changed only about 1 unit. ’ 
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Fio. 311. 


The stability of any buffer system will depend on total concentration, and 
the ratio of salt to weak acid or base. Reasonable changes in concentration will 
not materially change the pH as long as the ratio remains the same. In the 
[Ac“] 

acetate system the ratio tt--- ■ docs not change on moderate dilution and the 
[11 Ac] 

change in pH wlien the system N/10 acetic acid-N/10 sodium acetate is diluted 
twenty fold is less than 0.1 pH. Many solutions met with in practice are 
buffered. This is an advantage since colorimetric pH measurements can be 
made on such solutions even when highly colored or turbid by diluting with 
distilled water. The degree of dilution possible depends on the conegntration 
and tlie specific buffer system but the safest procedure is to dilute only as far 
as necessary to make satisfactory readings. 

Buffer action can be illustrated graphically by means of titration curves 
(Fig. 311). Three such curves are showm in which various amounts of hI/5 
HCl and M/5 NaOH arc added to 100 ml, samples of (A) distilled water, (B) 
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a buffer mixture composed of KHaPO^ and NaaHPOi in which the total coH' 
centration is approximately 0.1 M, and (C) a similar buffer mixture in which 
the total concentration is one half of B, all samples having an initial pH of 7.0. 
The abscissa show the amounts of acid or alkali added and the ordinates show 
the pH of the respective mixtures. 

The extremely steep curve (A) for distilled water shows that this substance is 
devoid of buffer action since small amounts of acid or alkali change the pH 
markedly. In the pronouncedly acid and alkaline ranges the curve flattens 
out because one is then dealing with relatively concentrated solutions of the 
strong acid and base, where pH varies only moderately with concentration. 

The curve (B) for the 0.1 M phosphate mixture differs radically from (A). 
Addition of 11 ml. of acid only changes the pH from 7.0 to 5.8, whereas the 
addition of 6 ml. of alkali only changes the pH from 7.0 to 7.8. Beyond these 
points the change becomes more pronounced. Between 5.8 and 7.8 the curve 
is relatively flat and in this zone the phosphate mixture shows strong buffer 
action. As the curve indicates, buffer action is strongest near the middle of 
the relatively flat portion. It actually reaches a maximum at about 6.8 where 


the concentrations of KHjPO^ and Xa 2 HP 04 are the same, i.e. 


[Na;>HP04] 

[KHoPO/ 


^ 1 . 


The steepness of the curve above and below the zone 5.8-7.8 indicates little 
resistance to change in pH, 

Curve (C) resembles (B) in contour but the relatively flat portion or zone of 
effective buffer action is much shorter, extending only from about 6.5 to 7.5. 
This shows the effect of concentration on buffer action. 

These curves show that not all buffer mixtures have the same buffer capacity. 
Van Slyke (J. Biol. Chem., 52, 525 (1922)) has formulated a method of express- 
ing the differences in terms of buffer capacity. A solution has a buffer capacity 
of 1 when the reaction of a liter of it is changed one pH unit upon the addition of 
one equivalent of acid or base. A knowledge of the buffer capacity of a solution 
is frequently of considerable value since it indicates how easily the optimum pH 
may be maintained in practice, and also what precautions are necessary in 
determining the pH. It also provides a practical method of determining the 
amount of acid or alkali required to adjust the pH. 

The requirements for buffer action should be clearly kept iA^mind. Mere 
presence of salts docs not ensure buffer action. Salts of strong acids and strong 
bases impart no buffer action to a solution. Solutions which contain only 
salts of weak acid.s and weak bases may not be buffered. To ensure buffer 
action a buffer system must be present i.e. both salt and weak acid or weak base 
and the pH of the solution must be within the effective zone of the particular 
system. 

Tables showing the method of preparation for various buffer mixtures can 
be found in Clark; The Determination of Hydrogen Ions, 1928, Williams and 
Wilkins, Baltimore, Md. 

The following table gives some common buffer systems and the approximate 
pH of maximum buffer capacity. The zone of effective buffer action will vary 
with concentration but the general average will be :1:1.0 pH from the value 
given, for concentrations approximately 0.1 molar. 
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Glycocoll-fiodium chloride-hydrochloric acid 2.0 

Potassium acid phthalate-hydrochloric acid 2,8 

Primary potassium citrate 3.7 

Acetic acid-sodium acetate 4.6 

Potassium Acid Phthalate-Sodium Hydroxide 5.0 

Secondary Sodium Citrate 5.0 

Carbonic Acid-Bicarbonate 6.5 

Primary Phosphate-Secondary Phosphate 6.8 

Primary Phosphate-Sodium Hydroxide 6.8 

Boric Acid-Borax 8,5 

Borax 9,2 

Borffc Acid-Sodium Hydroxide 9.2 

Bicarbonate-Carbonate 10.2 

Secondary Phosphate-Sodium Hydroxide 11.5 


The Use of Indicators 

For making pH determinations substances known as indicators are required. 
An indicator is a substance that gives different colors or different shades of color 
at different pH values. Thus, phenol red changes from yellow at pH 6.8 to a 
deep red at pH 8.4; that is, if phenol red is added to a solution having a pH of 6.8 
it will give this solution a yellow color. If added to another solution of pH 7.0 
it will give a somewhat redder shade of yellow. If added to other solutions 
having pH values of 7.2, 7.4, 7.6, etc. the amount of red color imparted to the 
solution will increase progressively until at pH 8.4 the solution will have a deep 
red color. Therefore if phenol red is added to any solution having a pH value 
between 6.8 and 8.4, the pH of that solution is determined by observing the color 
obtained. The method for accurately reading the pH value is explained later 
in this section. 

Phenol red covers only a limited part of the pH scale but other indicators are 
available for other parts. Thus bromcresol green covers the range pH 3. 8-5. 4 
and its color change is from yellow at pH 3.8 to blue at pH 5.4. Thymol blue 
covers the range pH 8. 0-9. 6 and its color change is from yellow at pH 8.0 to 
blue at pll 9.6. A complete list of indicators which cover the pH scale 0.2 to 


13.6, with their pH range.s and color 

changes, is given in 

the table. 

Nam« 

pH Range 

Color Change 

Acid cresul^ed 

Acid meta cresol purple 

Thymol blue 

0.2- 1.8 

1.2- 2.8 

1.2- 2.8 

2.4- 4,0 

Red -yellow 
Red-yellow 
Red-yellow 
Red-yellow 

Bromphenol blue 

3.0- 4.6 

3.8- 5.4 

Yellow-blue 

Y"ellow-blue 

Methyl red 

Chlorphenol red 

Bromcresol purple 

4.4- 6.0 

5.2- 6.8 

5.2- 6.8 

Red-yellow 

Y'dlow-red 

Yellow-purple 

Yellow-blue 

Yellow-red 

Yellow-red 

Bromthymol blue 

Phenol red 

Cresol red 

6.0- 7.6 

6.8- 8.4 

7,2- 8.8 

Meta cresol purple 

Thymol blue 

Phthalein red 

7.6- 9.2 

8.0- 9.6 

8.6-10.2 

Yellow-purple 

Yellow-blue 

Yellow-red 

Tolyl red 

ParaiEo orange 

10.0-11.6 

11.0-12.6 

Red-yellow 

Yellow-orange 

Acyl blue 

12.0-13.6 

Red-blue 
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Indicators are weak acids or bases in which the ionized form differs in consti- 
tution and color from the normal form. An indicator acid will dissociate as 
HIn^=?H^+In~ HIn being the acid form and In~ the alkaline form. The mass 

, . mik [H^i tin'll IT mi, Q* IT • 

law expression tmJI be — rrrr -, — = K r. 1 hen = rvTZT Since K i is a con- 
[HlnJ [HIn] [ID] 

stant the ratio depend on the value of [H"'’], the hydrogen ion con- 

[Hln] 


centration. This ratio determines the color that the indicator will show. For 
example with phenol red the acid form [HIn] is yellow and the aJkaline form 
[In“] is red, consequently as [In"] increases the color changes from yellow 
through orange to red. When HIn is half transformed [HIn] = [In"] and so 
[H'*'] = Ki. When the hydrogen ion concentration is the same as the ionization 
constant of the indicator, the concentrations of the acid and alkaline forms of 
the indicator are equal. The value of Ki varies for different indicators and 
determines the range of hydrogen ion concentration over which each indicator 


functions. If [H'*'] = Ki then pH = pKi, where pKi = iog 7 ?“. WTiile this de- 

Ki 

termines the theoretical midpoint of the pH range of each indicator, the actual 
range used in practice depends on Iiow readily the colors can be distinguished 
by the eye. Consequently the practical range is determined experimentally. 
While pKi is a function of pH, it is also affected to some extent by other factors, 
such as salt concentration, proteins and temperature. 

A satisfactory indicator for practical pH work must have certain well defined 
qualifications. It must give well-defined color changes over a relatively short 
range; it must not be unduly affected by sulxstanccs other than liydrogen or 
hydroxyl ions; it must immediately give colors that are stable for a reasonable 
length of time, so that there will be no errors due to changes taking place during 
the determination; its solution mu.st be a stable reagent. An indicator that 
fades rapidly, precipitate.s, undergoes change in color due to tlio pre.sence of 
salts, colloidal materials, etc., attains a stable color slowly, or is unstable as a 
reagent, is certain to prove objectionable in practice. 

The essential requirements in applying the colorimetric method for the 
determination of pH are (1) An accurately prepared solution of indicator, 
(2) a set of color standards prepared from measurerl amounts of buffer .soUition.s 
having accurately adjusted pH values and containing accurately mca.sarcd 
amounts of the indicator solution. Standard.s in intervals of 0.2 pH are usually 
employed. Such a set for phenol red will consist of standards with the pH 
values 6.8, 7.0, 7.2, 7.4, 7.6, 7.8, 8.0, 8.2 and 8.4. These standards can be placed 
in test tubes or ampoules having uniform bores. Ampoules are more satis- 
factory since they can be sealed. If a mcfisured volume of clear sample is 
treated with the same amount of indicator a.s is present in the standards, the 
resulting color wdll depend on the pH of the .sample and by comparing this 
color with the color standards the pH can )>e determined. It is essential that 
all measurements be accurate and that the bore of the color standards and test 
tube used for the sample be practically the same. The intensity of color and 
depth of liquid in both ca.ses should l>e uniform. 

If the materials being tested arc nbaolutcly clear and colorless accurate deter- 
mii^ations can be made by comparing the color of the test sample with those of 
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the color standards, as outlined above. Most solutions encountered in actual 
practice are however somewhat turbid or colored or both. Therefore when an 
indicator solution is added to such a material the resulting color will not match 
with the color standards which contain none of the color or turbidity of the 
sample. For this reason some sort of comparator is required. In fact all 
determinations should be made with a comparator since the presence of even 
minute quantities of color or turbidity may cause considerable error or even 
prevent a match all together when an attempt is made to match the sample 
directly with the color standards. The procedure employed in all comparators 
is essentially the same so the Slide Comparator (see page 2283) will be used to 
illustrate the principle. 

In making a determination three of the test tubes are filled to the mark 
(5 ml.) with the material to be tested and 0.5 ml. of the indicator solution is 
added to the middle tube. The color standards are then moved back and forth 
in front of the test sample, always making sure that, when a comparison is made, 
one of the ampoules of distilled water is in front of the middle test tube contain- 
ing the indicator. Two consecutive color standards will then be directly in 
front of the two tubes of test sample containing no indicator. The arrange- 
ment of the throe tubes of test sample, the two color standards and the ampoule 
of distilled water is illustrated in figure 312 below. 

A A, BB, CC represent the three slots in the ba.se and any three correspond- 
ing slots in the color standard slide. If we consider the color standards as 
consisting of distilled water and indicator only, which is permissible since they 
contain no turbidity and no color except that given them by the indicator, it is 
clear tliat on looking through slots AA, BB, and CC, one is looking through 
exactly the same materials — sample, indicator, distilled water — in each case. 
This arrangement therefore eliminates any effect of color or turbidity in the 
sample so that, when the proper color standards are in place, the color of the 
sample will match one of the color .standards or lie 
between the colors of two consecutive standards. 

Headings should never be made by matching 
against cither end standard in a given set. Thus 
a sample may match the bromthyrnol blue color 
standard marked pH (5.0 and actually have a pH 
value of 5.0, 4.2, etc. If a match with the 
standard marked 6.0 is obtained the determina- 
tion should be repeated using an indicator cover- 
ing a lower part of the pH scale, for example, 
chlorphenol rod (pH 5. 2- 6. 8), bromcresol green 
(pH 3.8-5.4), etc., until a match is obtained 
with a standard other than the end one. Similarly if a sample matches the 
brornthymol blue standard marked 7.6, the test should be repeated using phenol 
rod (pH 6.8-8. 4) or a higher indicator if necessary. 

The table on page 2281 shows that the ranges of the various indicators over- 
lap. Thus the values pH 6.0-6.8 are common to both chlorphenol red and 
hromthymol blue, the values pH 6.8-7.6 are common to both bromthyrnol Idue 
and phenol rc<l, etc. It is therefore usually possible to make a test on any 
sample with two different indicators and thus check results. This is one of the 
outstanding advantages of using several indicators to cover a wide pH range 


ABC 



Fig. 312. 
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instead of a single wide range indicator, such as the so called universal or utility 
indicators. With the single test wide range indicator there is no way of check- 
ing results and marked errors may be made with no means of detecting them. 

Colorimetric Determination of Buffered Materials 

One of the most important factors to be considered when the colorimetric 
method is applied is the degree to which the material being tested is buffered. 
This is especially important when the pH of colored and turbid materials must 
be determined. When a highly colored or turbid sample is buttered it can 
frequently be diluted with distilled water to a point where satisfactory readings 
can be made with the comparator method without introducing appreciable 
error. For example, sewage sludges have been accurately tested when a dilu- 
tion of 1 : 49 was necessary.’ The presence of buffer systems in the sludge 
makes this possible. 

In applying the dilution procedure to any substance it is advisable to con- 
tinue the dilution beyond that required for satisfactory readings so as to deter- 
' mine the point at which marked change starts to take place. This will furnish 
information on the buffer capacity of the substance being tested. In all cases 
the distilled water used should be of excellent quality and it should have a pH 
of 6.4 to 6.8. 

It is usually advisable to employ dilution and make the tests on the super- 
natant liquid after any solids have partially settled. Filtration should be 
avoided unless it is definitely known that changes in pH will not result. Dur- 
ing filtration there may be a gain or loss in carbon dioxide or an action by the 
filtering medium (paper, glass wool, etc.) which will introduce errors. 

Unbuffered on Slightly Buffered Materials 

Some materials encountered in practice are not very highly buffered and a 
few are unbuffered. In such cases care must be exercised in determining the pH 
since such solutions are very susceptible to change. Among such materials are 
most waters, soil extracts, paper extracts, white water, pure sugar liquors, flota- 
tion feeds, laundry rin.se.s, clay filtrates, etc. 

Distilled water is devoid of buffer action and special precautions must be 
observed in testing it. Absolutely pure water has pH 7.0 at 25® C. Ordinary 
distilled water is usually acid, due to absorption of carbon dioxide. Distilled 
water in equilibrium with the carbon dioxide of the air will have pH 5.7. H 
may be supersaturated with carbon dioxide to give a pH as low as 5.0. Carbon 
dioxide may be removed by boiling in Pyrex vessels to give water with a pH of 
6.6 to 6.8 but superpure water with pH 7.0 can best be secured by means of a 
special still. Distilled water should always be kept in Pyrex or tinned vessels 
and contact with air held at a minimum. In making aqueous solutions or 
extractions of slightly buffered materials, proportions of material and water 
should be held constant so that results on different samples will be comparable. 

In determining the pH of buffered solutions reasonable differences between 
the pH of the sample and the indicator solution will not affect the results. 

’ McCrumb, Sewage Works Journal, 1, 534 (1929). 
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However, in the case of unbuffered solutions the pH of the indicator solution 
must be fairly close to the pH of the sample or the indicator will change the pH 
(Acree and Fawcett, Ind. Eng. Chem. Anal. Ed., 2, 78 (1930)), For this reason 
the pH of the indicator solution should always be at or near its own midpoint. 
For example bromcresol green, 4.8, bromthymol blue, 6.8, cresol red, 8.0, etc. 
This is why it is impossible to secure accurate results on slightly buffered mate- 
rials when a single wide range indicator (universal, utility, etc.) is employed. 
It has been shown that errors as high as 3.0 pH may result (McCrumb, Ind. 
Eng. Chem. Anal. Ed., 3, 233 (1931)). This is because the pH of the wide 
range indicator may vary so much from that of the sample. 

Where extremely accurate results are desired on unbuffered materials, it 
may be advisable to use several .solutions of the same indicator adjusted to 
different points on its range, such as bromthymol blue at 6.2, 6.8, 7.4. If the 
unknown is devoid of buffer action as in the case of distilled water, for example, 
three values may result such as 6.6, 6.8, and 7.0 respectively. Since the reading 
6.8 coincides with the pH of the indicator solution used for that test, the actual 
pll is 6.8. 

All indicator solutions should be adjusted to their respective midpoints and 
kept in Pyrex bottles sealed with rubber stoppers. Soft glass bottles and cork 
stoppers should never be used or marked changes in pH may occur. Indicator 
solutions should not be unduly exposed to the air (poor seals, etc.) since carbon 
dioxide may lower the pH. In case changes occur the pH can be again adjusted 
by adding dilute (N/lO) acid or alkali as required comparing the indicator 
solution in a special pair of tubes with the appropriate standard. If, however, 
buffered solutions are being tested, only gross changes in the pH of indicator 
solutions need be considered. 

In making a pll determination on a slightly buffered solution the indicator 
solution should be placed in the test tube and the solution being tested run in 
from a pipette holding the tip of the pipette near the bottom of the tube. 
Mixing is then secured by stirring either with the tip of the pipette or with a 
thin glass rod. Mixing should never be done by placing finger or thumb over 
the mouth of the tube. The recommended procedure prevents introduction of 
impurities such as carbon dioxide, etc. and gives accurate results. This is 
really the only way unbuffered materials can be tested since electrometric 
methods are not rebable on very slightly buffered solutions. 

The Effect of Salts 

As stated previously the color of any indicator may be influenced by the 
actual salt concentration as well as the pH. This effect is commonly known as 
the "salt error." 

By varying the concentration of a buffer mixture and determining the pH 
both by a hydrogen electrode and the colorimetric method it wdll be found that 
absolute agreement occurs only at the concentration of buffer employed in 
making the standard. Above this concentration the colorimetric method will 
give results that are slightly higher than those secured by the hydrogen elec- 
trode and below this concentration the colorimetric results will be slightly lower. 
This is illustrated by the results given in the following table. 



2286 


DETERMINATION OF pH 

Effect of Varying the Concentration of a Buffer Mixture 


Molar Conc- 

1 

Hydrogen Electrode 

pH 

Colorimetric 

pH 

Difference 

pH Hyd. Elect, —pll Cclor. 

0.200 

6.33 

6.40 

-0.07 

0.100 

6.42 i 

6.45 1 

-0.03 

0.050 

6.50 

6.50 

0.00 

0.020 

6.57 

6.55 

+0.02 

0.010 

! 6.62 

6.55 

+0.07 

0.005 

6.68 

1 6.55 

+0.13 


It will be noted that absolute agreement occurs only at a molar concentra- 
tion of 0,05, the one employed in making the color standards. Of course none 
of the difference are pronounced. 

The effect of sodium chloride is shown by the data in the following table 
secured by adding variable amounts of sodium chloride to a phosphate buffer 
mixture having the same concentration as was employed in the preparation of 
the color standards. 


Effect of Sodium Chloride 


Sodium Chloride 
Molar Cone. 

rf\'droRPn KlfX‘trrw|(’ 

pH 

1 Colorimetric 

I pH i 

DifTerence 

pH HyrJ. J.icrt. -pH C.,|v,r. 

0.00 

1 6,40 

6.40 

0.00 

0.0.'J 

1 6.25 

6.40 

-0.1.5 

0.10 

6.23 1 

6.40 

-0.17 

0.20 

6.15 

6.3,5 

-0.20 

0..50 

6.00 j 

6.25 

! -0.25 

1.00 

.5. IX) 

6.1.5 

-0.2.5 

1 


Similar data secured by adding magnesium chloride to the same phosphate 
buffer mixture show the influence of a divalent salt. 


Effect of Magnesium Chloride 


Magnoftirim rTiIoride 
Molar Cone. 

Hydrcj^en rilrrtrorle 

1 pH 

C'olorimetrir 

pH 

Di /Terence 

pH Hyd. J'ilcrt. —pH (,*ol'»r 

0.00 1 

6.40 

6.40 

0.00 

0.05 

.5.70 

5.00 

-0.20 

0.10 

.5.40 

.5.80 

1 -0,40 

0.20 

.5.20 

5,6.5 

-0.45 

0..50 

4.70 

5.26 

-o.rxi 


The indicators used in making the colorimetric mcaHurements given in the 
three tables above were bromthymol blue, chlorphcnol red, para nitrophenol, 
and bromcreaol green. 
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Additional information on salt effect can be secured by consulting Clark, ^ 
Kolthoff/ Guntelberg and Schiodt,^ Sendroy and Hastings,® McCrumb and 
Kenny, ^ and Blum and Bekkedahl.® The last paper deals exclusively with 
nickel electroplating and electrotyping solutions. 

The investigations of Guntelberg and Schiodt and Hastings and Sendroy 
would indicate that in the case of the indicators brom phenol blue, brorncresol 
green, brorncresol purple and phenol red, when the effects of salts are correlated 
with ionic strengths, salts of different valence types show at the same ionic 
strengths ajjproximately like effects on the apparent dissociation constants of 
the indicators. 

The ionic strength of a solution is obtained by multiplying the concentration 
of each ion by the square of that ion’s valence number, summing these products 
and dividing by two. In general the buffer solutions used as standards in the 
colorimetric method have ionic strengths of 0.05 to 0.1. 

In the majority of cases the differences encountered in industrial practice 
may have little significance. The correction can be determined and applied 
for each case but frequently it can be disregarded. For e.xample in the case 
of a nickel plating bath it may make, little difference to the plater whether the 
bath is controlled at pH 5.8 colorimetrically or 5.4 electrometrically. How- 
ever, to avoid confusion when comparing procedures, the method employed 
should be given. 


The Effect of Proteins 

Systematic calibration \Yhen proteins are encountered will prove to be much 
more difficult than in the case of salts. Salts are at least substances of a 
definite nature, whereas the term protein is used in a very loose manner. For 
this reason so-called '‘protein errors” of indicators should never be applied 
unless it is known definitely that thc.se variations were determined on solutions 
that are practically identical with the one being tested. 

For example many “protein errors” have been determined on materials 
like beef broth or some type of bacteriological media. On many of these 
materials the proteins have umlergonc considerable hydrolysis, or they are 
rather dilute. Anyone taking the variations so determined and msing them in 
the measurement of the pH, of say gelatine or casein, might quickly get into 
trouble. 

The following table shows some variations encountered on a 1% solution 
of gelatine to which variable amounts of sulfuric acid and sodium hydroxide had 
been added. The gelatine was ash free with a pH of 4.80 (isoelectric). Sul- 
furic acid was used because this acid is most likely to be encountered in practice. 

* Clark, “The Determination of Hydrogen Ions,” 1928, William.s and Wilkii^. 

Mvolthoff, “The Colorimetric and Potentio metric Determination of pH,” 1931, 

John Wiley and Sons, Inc. 

® Guntelberg and Schiodt, Z. Physik Chem., 135, 393 (1928). 

•Sendroy and Ha.stings, J. Biol. Chem., 82, 200 (1929). 

’ McCrumb and Kenny, J. Soc. Chem. Ind., 49 , 425T, 427T (1930). 

* Blum and Bekkedlahl, Trans. HJectro Chem. Soc., 56, 291 (1929). 
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Effect of Gelatine 


Hydrogen Electrode , 
pH 

Colorimetric 

pH 

Difference 

pH Hyd. Elect. —pH Color. , 

Indicator 

2.48 

2.40 

0.08 1 

Meta cresel purple 

2.79 

3.20 

-0.41 i 

Benzo yellow 

3.19 

3.55 

-0.36 ; 

Benzo yellow 

3.51 

3.85 

-0.34 

Bromcre.sol green 

3.65 

4.00 

-0.35 

Bromcresol green 

3.88 

4.20 

-0.32 

Bromcresol green 

4.47 

4.60 

-0.13 

Bromcresdi green 

4.80 

4.85 

' -0.05 

Bromcresol green 

5.07 

5.00 

0,07 

Bromcresol green 

6.16 

6.20 

-0.04 

C'hlorphenol red 

6.59 

6.65 

-0.06 

Brornthymol blue 

6.80 

7.20 

-0.40 

Phenol red 

7.39 

7.90 

-0.51 

Phenol reti — Cresol red 

7.78 

8.50 

-0.72 

! Thymol blue 


It will be noted that the differences encountered near the isoelectric point 
are insignificant being within the sensitivity of tlie colorimetric method em- 
ployed* When hydrochloric acid is used the differences are greater in the acid 
range. 

The variations between pH measurements by the hydrogen electrode and the 
colorimetric method in the precipitation of casein by hydrochloric acid have 
been determined by Clark and others ® using methyl red; and by Miss Benton 
using bromcresol green. 


Effect of Tempehature 

Since the pH of a solution depenris on the degree of ionization of its con- 
stituents and this may be affected by temperature, the influence of temperature 
on pH is an impetrtant factor. Irrespective of the rnetliori of measurement 
employed determinations must be made at a fixed temperature. In the ma- 
jority of cases a temperature of 2.^* C. is the most satisfactory* although varia- 
tions in temperature from 20° C. to 30° C. are usually insignificant for practical 
purposes. 

Certain buffer systems are more sensitive to temperattirc variations than 
others. This is particularly true of the l)orate ami carbonate .series. Solutions 
■yhich depend on a carbonate equilibrium arc always susceptible to changes in 
temperature. 

In the case of nickel solutions not only docs the pH change with temperature 
but the color of the solution itself may change. ConHe(juently the blanks used 
in the comparator method should be at the same temperature as the sample to 
which indicator has been added. 

The sulfonephthalcin indicators are not influenced by temperature changes 
to a marked degree but methyl orange and indicators resembling methyl orange 
are very susceptible to such changes. The indicators LaMotte Yellow, Helligc 
Orange and Benzo Yellow belong to this class. 

•dark, Zoeler, Dahlberg and Weimar, Ind. Eng. Chem., 12, 1163 (1920). 

Benton, Ind. Eng. Chem., 20, 15 (1928). 
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Specific Effects 

In the case of certain sulfonephthaleins the shade of color depends on con- 
centration and depth of layer. Dichromatisru is most noticeable in practice 
•with such indicators as bromphcnol blue and bromcresol purple. The trans- 
mitted light in such cases is primarily red and blue and the ratio of red and blue 
will vary with the depth of layer. In testing turbid solutions much of the light 
is reflected by the particles and this gives the same effect as a thin layer of 
liquid and this tends to modify the color. In such cases it is advisable to 
substitute another indicator. 

Off color, while not exactly common to all indicators may occur in the case 
of most two color indicators under certain conditions. Suspensions, emulsions 
and solutions of a colloidal nature may cause this difficulty. Concentrated 
solutions of such salts as zinc chloride and sulfate frequently give off colors 
with the sulfonephthaleins. Sometimes on standing a precipitate, presumably 
of basic salts, will settle out and the colors then secured on the supernatant 
liquid may then correspond with the color standards. In such cases the original 
solution may appear dear to the eye, but it must contain dispersed solids which 
cause the off color of the indicator. When dealing with such solutions the 
nitrophenols may be used. When tubes and standards are observed through a 
blue glass satisfactory color distinctions can usually be secured. 

The nitrophenols ordinarily employed for this purpose are 2,4 Dinitrophcnol 
(Alpha) (pH 2.&-4.4), 2.5 Dinitrophenol (Gamma) (pH 4.2-5.8), para nitro- 
phenol (pH 5. 4-7.0) and meta nitrophenol (pH 7. 2-8.8). The color changes 
arc all from practically colorless to varying shades of j’ellow’. 

For further details Michaelis and Gyemaiit ” should be consulted. 

Difficulty is sometimes encountered in testing soap solutions. In fairly 
dilute solutions the results may be in good agreement with the hydrogen elec- 
trode but certain indicators tend to give low results as the concentration of soap 
is increased. This is particularly true of thymol blue. 

Some indicators arc apparently influenced by certain ions in some way not 
as yet explainable. Alizarine Yellow G (pH 10.0-12.0), Alizarine Yellow R, 
(pH 10.0-12.0), nitro yellow (pH 10.0-11.6) tend to give high results in the 
presence of calcium salts. 

Michaelis ha.s demonstrated the precipitation of bromthymol blue in a 
solution of quinine hydrochloride. 

However, not all the sulfonephthaleins are precipitated by quinine as 
Michaelis appears to think. Chlorphenol red gives satisfactory readings in 
such cases. None of the nitrophenols are precipitated by quinine. Precipita- 
tion of bromthymol blue also takes plaee in solutions used as local anaesthetics 
in dentistry. 

There are a few rare instances in which bromthymol blue gives results that 
are slightly lower than those found by other sulfonephthaleins. This has been 
pointed out by Sharp and Mclnerney “ in the testing of milk. 

Michaelis and Gvenmnt, Biochem. Z., 109, 165 (1920) (see Clark, ^^The Deter- 
niination of Hydros^n ions/' 1928, p. 128). 

^ MichaeliSi “Practical Physical and Colloid Chemistry,” Trans, by Parsons, 1025, 
p. 41. 

“ Sharp and Mclnerney, J. Biol. Chem., 70, 729 (1926). 
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Similar results are sometimes encountered in testing concentrated solutions 
of sulfonated oils. 

Effect of Chlorine 

The action of chlorine must sometimes be taken into consideration in water 
treatment plants, paper mills, textile mills, etc., whenever the dosage of chlorine 
is high enough to affect the indicators. When such action occurs the results 
secured are influenced by the particular indicators in use, the concentration of 
indicator employed, the buffer capacity of the solution being tested, the tem- 
perature and, of course, the concentration of available chlorine. '• 

In the procedure employed with the Slide Comparator (Fig. 313) the danger 
point with the sulfonephthaleins is about 2.0 parts per million of active chlorine. 
Whenever lower concentrations of indicator are employed as in Nes.sler tubes, 
etc., the action of chlorine may cause errors at lower concentrations of chlorine. 

There appears to be two types of reaction, chlorination and oxidation. In 
the case of chlorphenol red and phenol red chlorination appears to predominate 
at first and the chlorinated dyes which result hav^e lower pH ranges than the 
original dyes. This results in an increase in the alkaline color which leads to 
results that are higher than they should be. Of course on longer standing if 
the concentration of chlorine is high enough fading will occur due to destruction 
of the dye by oxidation. In the case of the other siilfonephthalein dyes tlic 
action is largely destructive and the readings tend to be low or olT colors are 
secured. 

The nitrophenols are more stable in the presence of active chlorine and can 
sometimes be used when the concentration of chlorine is as high as 200 parts per 
million.*^ 

One disadvantage of the nitrophenols shouhl be pointerl out here. They 
are all fairly aciflic and their solutions are diflicult to stabilize at any definite pH. 
Consequently they are more liable to give erroneous results in testing unbuf- 
fered samplc-s than arc the sulfonephthaleins. 



Fio. 313. 

** Xiewia and KuksUcb, Paper Trade Journal, 95, No. 11, p. 28 (Sept. 15, 1932). 
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Colorimetric pH Equipment 

Colorimetric pH equipment can be 
made by the worker if desired using buffer 
mixtures in test tubes or ampoules but it is 
more satisfactory to purchase such equip' 
ment. Several types are available and 
the outstanding ones will now be described 
ill some detail. Fuller descriptions can 
be secured from the manufacturers. 

f 

The Taylor Slide Comparator 

The Slide Comparator consists of two 
principal parts, the slide and the base, as 
shown in the cut below. The Slide is a 
liakelite case 10 inches long, 2 % inches 
high and ^ inch thick. It contains 17 
vertical holes and 17 horizontal slots 
which pass through the exact centers of 
the holes. In these holes are placed the 9 
color standards for any given indicator 
and 8 ampoules of distilled water, the 
color standards alternating with the 
ampoules of distilled water. .\U these 
ampoules arc held in place by a lid ivhich 
is screwed on the top of the slide. 

The base consists of two parts. The 
lower part contains a slot for the slide 
fitted with a key to stop the slide at the 
end standards, two holes containing vials 
of indicator solution, with 0.5 ml. pipettes 
and nipples, five holes containing test 
tubes, and a closed compartment for a 
ground glass plate. Horizontal slots run 
through the three central holes in the base 
holding the test tubes, these slots corre- 
sponding exactly with any three of the 
slots in the slide. The upper jiart of the 
base serves as a cover for the vials and test 
tubes when the set is not in use. It is 
fastened to the lower part by means of 
J^pring catches. The complete set, in- 
cluding the slide, is 10 inches long, 2^^ 
inches wide and 4 inches high, and weighs 
only 2 pounds. 

Making a pH determination consists 
m only three simple operations. 

1. After removing the top of the base, 
three of the test tubes are placed in the 
boles back of the slots in the base and 
filled to the mark (5 ml.) with the sample 
to be tested. 



Fiq. 316. 
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2, To the central tube 0.5 ml. of the indicator solution is added, by means of 
the pipette and nipple, and the contents are thoroughly mixed. 

3. The slide containing the color standards is now placed in position on the 
base and, holding the instrument toward a window or other source of daylight, 
the slide is moved back and forth in front of the test samples until a color match 
is obtained. The pH is then read off directly from the values on the front of 
the slide. 

Since all color standard slides are interchangeable, that is they can be used 
with one base, the range of a single slide Comparator can be increased by pur- 
chasing additional slides and a supply of the corresponding indicat6r solutions, 
\sith pipettes and nipples. For ranges longer than that of one indicator, 
however, the Long Range and Dalite Slide Comparators are recommended. 

All color standards pro>dded for the various models of slide comparators are 
guaranteed to retain their accuracy for a period of five years. 

The Long Range Slide Comparator 

This set is designed to meet the needs of workers who require a portable 
set covering a wider range. It is made in six models covering the range of any 

3, 4, 5, 6, 7, or 8 indicators re- 
spectively between the limits pH 
0.2 and pll 13. G. It i.s flexible 
since its range can be increased 
simply by securing additional 
color standard slides. 

Each Long Range Slide Com- 
parator contains one complete 
Slide Comparator; 2 to 7 extra 
color standard slides; vials of 
tfie corresponding indicator so- 
lutions, with 0..5 ml. pipettes and 
nipples; and 1-1^5 ml. test tubes. 
All models are contained in a pol- 
ished wooden case 113^^ inches 
long, 9 inches liigh and 5^4 inches 
wide, with a handle for carrying. 
All equipment necessary for 
making tests is contained in the case so that the.se sets can be used in field, 
laboratory or plant. The total weight of the set varies from 7J^ lbs. to 014 
lbs. depending on the number of slides. 

The method for making determinations i.s exactly the same as that described 
for the single Slide Comparator. 

Dalite Slide Comparator 

In many cases it i.s necessary to make pH determinations at night. Also in 
many plants even during the day time the light is not suitable for this type of 
work. The use of ordinary electric light bulbs and even the so-called dalite 
bulbs Ls not satisfactory. The Dalite Slide Comparator enables the worker 
not only to make determinations at night with just as great accuracy as during 
the day but also assures him that measurements made at night will check those 
made on the same materials by ordinary daylight. 
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The set is made in 6 models to cover the range of any 3, 4, 5, 6, 7 or 8 indi- 
cators respectively between the limits of pH 0,2 and pH 13.6 in intervals of 0.2 
pH. The set is flexible since its range can be increased simply by purchasing 
additional color standard slides and vials of the corresponding indicator solution. 



Fig. 318. 


The pH equipment supplied with this set consists of one complete Slide 
Comparator; any 2 to 7 additional color standard slides; vials of the corre- 
si)onding indicator solutions with pipettes and nipples; and 10-5 ml. test tubes. 
Each slide contains 9 color standards for any given indicator and these slides 
fit in slots in the front of the case as shown in the illustration. Each vial of 
indicator solution is placed directly above the corresponding color standard 
slide, thus eliminating error due to the use of the wrong indicator solutions. 
A top protects the vials when the set is not in use. 

The comparator base is supported by a shelf on the front of the box. Di- 
rectly behind the slots in the base is a piece of Dalite glass and in the compart- 
ment behind this is a special 25 watt electric light bulb, wdth cord, switch and 
socket. In the lower part of the box is a cupboard of sufhcient size to hold four 
1000 ml. Pyrex bottles. This cupboard serves not only as storage for stock 
bottles of indicator solution but also to bring the comparator to a convenient 
height for making readings. A rack on the inside of the door holds 10-5 ml. 
test tubes. A test tube brush is also supplied with the set. 

In making determinations three of the 5 ml. test tubes are filled to the mark 
with the solution to be tested, the proper color standard slide is placed on the 
base and 0.5 ml. of the corresponding indicator solution is added to the middle 
tube by means of the pipette and nipple. The light is then turned on and the 
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slide is moved back and forth until a match is obtained with one of the color 
standards. The pH value is then read off directly from the values on the slide. 

The Roulette Compakator 

The Roulette Comparator consists essentially of a stationary base and metal 
band, and a wooden drum which revolves inside the metal band, on ball bearings. 
A block, which contains three slots, and which is drilled to hold three graduateil 
test tubes, is fastened to the front of the metal band. A 40 watt lamp is fixed 
in the center of the base and is connected with a standard plug by»means of a 
lamp cord, a piece of Dalite glass is placed in the back of the block between the 
three test tubes and the color standards, and a piece of etched glass is placed 



Fra. 319, LaMotte Roulette C'omparator, 


in a slot in the block directly in front of the three test tubes. The block also 
serves as a visor to cut out light from the outside. With this arrangement the 
observer always makes his readings under standard, diffu.sed daylight conditions. 

Any three sets of color standard.s such as chlorphenol red (pll 
bromthymol blue (pH G.0-7.G) and phenol red (pll G.8-8.4) and 24 ampoules of 
distilled water, are supplied with the set. An extra poli.shcd wooden case, 
containing 50 ml. bottles of the corresponding indicator sohitie)nH, 1 empty 
50 ml. bottle, 4-0.5 ml. pipettes with nipples, and 18 marked test tubes, is 
included as part of the equipment. A fabricoid cover is provided for tiie 
comparator. 

The revolving drum contains three separate sets of holes, each set being 
designed to hold 9 color standards and 8 ampoules of distillcfl water. The 
color standards are placed in position in order alternating with the ampoules of 
distilled water. To make a determination three test tubes arc filled with the 
solution to be tested and placed in the three holes in the block. Then 0.5 ml. 
of indicator solution is added to the middle tube and mixed thoroughly. The 
light is tumerl on and the drum revolved until the appropriate standards are 
behind the test sample. The standards are then shifted by turning the drum 
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lor through the middle tube ^The pH value is then 

w either side of it or lies between them^ project 

standards standards as the i 1 j. so 

*. -.»•> -• 

“V. k »iy 7" '" sr .Til.:',:; 

guaranteed for one year. 
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The Hcllige Comparator^tmnUrd f rieTS’ls^'it^'p^"® 

riTssit .>■• 

and parallel walls are provided. 
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with indicator, the other to receive the test solution without indicator. This 
arrangement provides for color comparison with colored or turbid liquids as 
well as clear solutions. 

In addition to the prism and cells the comparator is supplied with four round 
measuring tubes with graduations from 5 to 10 ml. in 1/1 ml. for measuring the 
test solution, 1 pipette with graduations 0.20, 0.25, 0.5 and 1.0 ml. for measuring 
the indicator solution, 1 opal glass plate, 50 ml. of indicator solution and 1 
color disc. 

Each color disc consists of a molded resin circular frame with a number 
(usually 9) of colored glass standards each one representing 0.2 pH So arranged 
that they can be revolved in the comparator. The color glass standards arc 
made from variable layers of colored glass held together to simulate the 
colors resulting when buffer solutions of known pH are treated with the re- 
spective indicator. The value of each standard is placed on the disc so that 
it is risible in a special opening when that particular standard is in the reading 
position. Only one color standard is visible at a time. Separate color discs 
are prorided for the various indicators. 

An illuminator with stand can also be secured to provide the proper artificial 
illumination. 



ELECTROMETRIC HYDROGEN 
ION MEASUREMENTS^ 


Electrometric hydrogen ion (pH) measurements are made with a suitable 
electrode system as the detecting unit and a potentiometer SvS the measuring 
unit. The electrodes develop a potential (e.in.f.) proportional to the pH of 
the solution being measured. The potentiometer measures e.m.f. 

POTENTIOMETRIC PuiNCIPLE 

In order to determine the pH from the difference in potential of two elec- 
trodes, the voltage must be measured without allowing any appreciable current 
of electricity to flow from the cell, for wuth current flowung the voltage changes, 
owing to polarization effects at the elec- 
trodes. For this reason the measurement 
cannot be made with a voltmeter, because 
current is required to actuate such an in- 
strument. The potentiometer is an ideal 
instrument for measuring voltage wdth no 
current flowing from the source. To show 
how this instrument oi)erates, a brief ex- 
planation of the potentiometer principle 
is given here. 

The slidewire MN, Fig. 321, represents 
an electrical conductor of uniform resis- 
tance, along which is placed a scale grad- 
uated in uniform divisions. The battery 
B causes a steady flow^ of electricity in this 
conductor. This is called the working cur- 
rent. The magnitude of this current can 
be changed by adjusting the rheostat R. 

With current flowing from M to A, M is 
positive with respect to any point 0 between 
M and Since the resistance is uniform, 

thefallof potential is uniform i>er unit length. , i x j • 

If EE I represents the cell for pH measurements the calomel electr^e is the 
positive pole, which is connected to M through the galvanoineter 6 . 1 hjs PUts 

like polarities in opposition. By adjusting the position of 0 the potential dif- 
ference between M and 0 can be made exactly equal to that between E and E,. 
When the voltages are balanced the deflection of the galvanometer is zero, and 
since this is a current indicating instrument, it proves that no current is floivmg 
between the electrodes. Then if the fall of potential between M and 0 la 
known, the voltage of EE is measured without any flow of current from the 

electrodes. 

* W. N. Greer, Leeds and Northnip Co. 
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The fall of potential between M and 0 is determined when there is a known 
potential difference between M and N. This is established by replacing the 
pH measuring electrodes with a standard cell 5, by means of the switch K, If 
the voltage of the standard cell is, for example, 1.018 volts, the scale on AfY is 
graduated in 1018 uniform divisions, and the current is adjusted by means of 
the rheostat R until the galvanometer shows no deflection. The potential 
difference between 3/ and N is then 1.0 IS volts, and the fall of potential for 
each scale division is .001 volt, or 1 millivolt. If the pH cell is now substituted 
for the standard cell, the potential difference between the electrodes will ho 
shown directly in millivolts by the number of scale divisions betwedii M and 0 
when they are adjusted for voltage balance. 

The accuracy of the measurement depends upon the standard cell voltage 
and the uniformity of the slide wire {MX) resistance. Since this uniformity 
can be determined wdth practically any desired precision, the accuracy of 
measurement depends principally on the constancy of the standard cell voltage, 
and the method is therefore a primary method. 

Potentiometers are available with various voltage ranges and accuracies, 
some designed for portable use. Tables or equations fur converting voltage 
readings to pH values for all electrodes at various temi>craturcs arc obtainable. 
Some forms of potentiometers arc calibrated directly in pH, means being 
provided to correct for solution temperatures. 

In addition to the well-known standard typos of potentiometers, there are 
coming into greater use vacuum tube potentiometers. These liave been de- 
signed primarily for use with the high rc.sistance glass electrode circuits. The 
resistances involved are too high to permit of the u.sc of any except high sensi- 
tivity galvanometers, and only then with the low resistance glass electrode 
(2-~6 Megohms). Due to the high resistances involved it is necessary that 
precautions be taken for properly shielding the poUmtiometer circuit. This is 
provided for in most of the commercially available instruments. 

It is well to distinguish between accuracy and sensitivity. It is possible 
to have high sensitivity and lo^v accuracy, and on the other hand to have 
conditions which w'ould giv^e high accuracy, if there \vore sufficient sensitivity. 
The sensitivity depends principally on the galvanometer used. If, with an 
arrangement not capable of very accurate results, a very sensitive galvanometer 
were used, its indications would be misleading if the sensitivity were not <lis- 
tinguished clearly from accuracy. 

The most important factors affecting accuracy of results are the accuracy 
of the measuring instrument used, the character of the solutions being measured 
and the electrodes used, and the accuracy with which the reference electrode 
potential is known. 


Electrode Systems 

A single electrode is not sufficient for pH measurements because there is no 
convenient method for measuring its potential, hut the potential of two elec- 
trodes, the absolute potential of one of which is known and is unaffected by pH, 
can be compared. It is therefore customary to use a fixed electrode 
reference, and to use as a measuring electrode one best suited to the measure- 
ment at hand. 
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For those who are not familiar with the theory relating e.m.f. of electrodes 
and pH, the reader is referred to the treatise on hydrogen-ion measurements by 
Clark, '^The Determination of Hydrogen Ions/’ Williams & Wilkins. 

Reference Electrodes : Calomel Electrode , — The calomel electrode is almost 
universally used as a reference electrode, due to its constancy of potential and 
ease of preparation. The calomel electrode is one in which mercury and calomel 
are in contact with a definite concentration of potassium chloride. These are 
contained in a vessel which may vary in design accord- 
ing to conditions of use. A common type of calomel 
electrode i^ shown in Fig. 322; a more recent design is 
shown in Fig. 323. The latter has the distinct advantage 
that the electrode, immersed in the test solution, is at 
solution temperature. 

The potential of the mercury with respect to that of 
the solution depends on the concentration of mercurous 
ions from the calomel, but this is governed by that of 
chlorine ions, which are produced in the solution by 
potassium chloride as well as by calomel. The propor- 
tion of the total number of clilorine ions that is due to 322. 



the potassium chloride varies with the KCl concentration. 

The voltage of tlie calomel electrode therefore depends on the concentration of 
potassium chloride in the electrode solution. Saturated, normal and tenth 

i normal solutions are used. 

The saturated calomel electrode is used more generally than 
either of tlie others. It is more easily prepared, and has some par- 
ticular advantages. 

Special precaution must be taken to prevent diffusion between the 
saturated solution of a salt briflge with the less concentrated solu- 
tions of the normal and tenth normal electrodes, whereas with the 
saturated electrode there is no tendency toward diffusion. When 
diffusion is prevented the potentials of the normal and tenthnor- 
mal electrodes are fairly stable at room temperatures, but at higher 
ternj^cratvircs it is ilifilcult to prevent diffusion, with its resulting 
error in potential. The saturated electrode show^s no change in 
j>otential between 5° and C., other than that due to temperature. 
The temperature coefficient is approximately ,8 millivolt per degree 
C. Another advantage of the saturated calomel electrode is that its 
Fia. 323. ^vhich makes for increased sensitivity. 

An objection to the saturated electrode is that the solution may creep over 
the edge of the containing vessel with the resulting formation of masses of 
crystals. This is avoided in the design shown in Fig. 323, if the electrode is im- 
mersed in a container of distilled water when not in use. . , 

For accurate and reliable potentials, extremely pure chemicals must be 
used in calomel electrodes. Mercury specially purified and calomel produced 
by electrolysis for the purpose can lie commercially obtained in appropriate 
quantities, and their use is recommended. Chemically pure potassium chloride 
<iissolved in distilled water is a suitable solution for use with them. 

The saturated electrode is easily prepared. For a saturated KCl solution 
put the salt into warm distilled water in a beaker and stir it thoroughly witn 
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repeated addition until no more of it will dissolve. Then stir in enough calomel 
to saturate the solution. A small quantity is sufficient as it is not very soluble. 
When the solution is cooled to room temperature, it should contain undissolved 
potassium chloride and calomel. Prepare enough solution to fill a reservoir for 
flushing the electrode from time to time. Add sufficient mercury (amount 
depends upon construction of electrode) to make contact with the platinum 
terminal, and sufficient calomel (HgCI) to assure saturation, an excess is 
advisable. Moisten with saturated KCl solution, shake vigorously, and then 
nearly fill with saturated KCl solution. If the electrode is not of the self- 
flushing type, care must be exercised in flushing the salt bridge occasionally. 

Silver Chloride Electrode. — Comparable in principle to the calomel electrode 
is the silver-silver chloride electrode. It has largely been used in studies on 
activities of chlorides in solution, but recently has received increased attention 
as a reference in pH measurements. This electrode is not as readily prepared 
as is the calomel electrode, but it is highly reproducible, stable over extended 
periods of time, and has a small temperature coefficient. 

The potential of the silver-silver chloride electrode depends upon the method 
of preparing the silver and the chloritle. Methods have been described by 
Brown, ^ Harned,^ Mclnnes,^ Noyes and others. ■' 

Measuring Electrodes, — There are a number of electrodes which 
have been used as pH measuring electrodes. Those which have 
been best established and most largely used will be described. 

Hydrogen Electrode. — The hydrogen electrode consists of a 
noble metal coated with platinum black, immersed in the solu- 
tion and umler a definite partial pressure of hydrogen ga.s. Such 
an electrode is illustrated in Fig, 324. Means are provided for 
introducing the hydrogen gas, and allowing the gas to escape with- 
out forcing the solution entirely away from the metal. 

Electrodes with large surfaces are generally not advisable as 
they are more difficult to saturate with hydrogen and therefore 
come to equilibrium less quickly. 

In work with ordinary chemical solutions, and when high accu- 
racy is not essential, the solution being measured may be contained 
Fio. 324, vessel, but the electrode potential will be slightly in- 

fluenced by oxygen absorbed from the air. For precise work the 
ves.sel should be stoppered with provisions for carrying the electrodes through 
the stopper, and for allowing the gas to escape. 

An electrode is said to be in equilibrium when its potential remains constant 
if the solution d^xjs not vary. The potential of the liydrogen electrode is not 
constant until the platinized surface is saturated with hydrogen, and any 
reducing action due Uj hydrogen is completerl. 

LimiiaUons. — In .some solutions, notably biological fluids, the platinum 
black may l>ecome clogged with substances which prevent absorption of hydro- 
gen. The hydrogen electrode cannot be used in solutions containing strong 
oxidants like ferric ion, dichromates, nitric acid, peroxides and chlorine, nor in 

» J. Am. Chem. Sc)c., 56, fi4f> (1034). 

* J. Am. Chem. Hor., 55, 48^10 (1033). 

» J. Am. Chem. Soc., 37, 1445 (1915). 

« J. Am, Chem. Soc., 39, 2,532 (1917). 
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those containing strong reductants, such as sulfurous acid (SO 2 ) and hydrogen 
sulfide. Some organic compounds are very susceptible to reduction, particu- 
larly those of the aromatic series, such as azo benzene, aniline dyes and some 
unsaturated acids. In a solution containing either oxidizing or reducing com- 
pounds, a noticeable drift in the voltage occurs and a balance is difficult to 
obtain. The oxidizing or reducing action must be completed before the voltage 
is steady. The measurement is not trustworthy, for the pH value of the solution 
may be seriously changed in such reactions. 

The hydrogen electrode cannot he successfully applied to solutions contain- 
ing metal ions that fall below hydrogen in the electromotive series of metals 
and, also lead, all of which arc reduced on the platinum electrode. 

Platinizing the Electrodes , — The film of platinum black is deposited by 
electrolysis in 3% platinic chloride solution containing 1/40% lead acetate. 
The electrode should be thoroughly cleaned before platinizing. Using two 
dry cells in series it usually requires from 30 seconds to one minute to deposit 
the platinum black. Experience will determine the amount of plating neces- 
sary. The electrodes should be washed with distilled water, and immersed in 
distilled water when not in use. The electrodes should not be allowed to dry 
thoroughly. 

Hydrogen Gas . — very convenient source of hydrogen is the compressed 
gas supplied commercially in metal cylinders. A cylinder containing 100 or 200 
cubic foot is commonly used in the laboratory, while small cylinders are available 
for portable use. 

Compressed hydrogen produced by electrolysis may be sufficiently pure to 
use directly from the cylinder for measurements of ordinary accuracy, but it is 
common practice to pass it through solutions of potassium hydroxide and 
pyrogallol and tlion througli water to remove traces of oxygen and other im- 
purities that would affect the potential of the hydrogen electrode.^ 

Quinhydrone Electrode . — Some of the difficulties encountered in the use of 
the hydrogen electrode are avoided by using a quinhydrone electrode. The 
basis of this electrode is a piece of platinum or gold the same as used for the 
hydrogen electrode, but the surface of the metal is not platinized and it is not 
supplied with gaseous hydrogen. Instead, a small quantity of quinhydrone 
(benzoquinhydrone) is dissolved in the solution, and in certain conditions the 
electrode in the solution acquires a potential that is definitely related to the 
hydrogen ion concentration of the solution. The potential is measured against 
that of a calomel electrode, and the pH value is found from the measured 
voltage in the same manner as with a hydrogen electrode. 

Hiilmann ^ was the first to describe the quinhydrone electrode for the pH 
measurements. Morgan, Lammcrt and Campbell « have published a series of 
papers covering detailed studies of this electrode. The quinhydrone electrode 
is quickly prepared, develops its potential rapidly and is not readily poisoned. 

Rather than describe the method of jireparing quinhydrone, it is suggested 
that this material be obtained from chemical manufacturers or suppliers of 
liigh grade chemicals. 

Although the quinhydrone electrode can be applied successfully to many 
solutions containing oxidizing and reducing substances in which the hydrogen 


“Ann. Chim. Phy8.» 15, 109 (1921). 

* J. Am. Chem. &>c., 53, 2154 (1931) 


and 54, 910 (1932). 
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electrode would give erroneous results, still it is not applicable in all cases. 
Measurements have been made with it on dilute nitric acid solutions, unsatu- 
rated organic acids, and on a variety of oxidizing systems that are of too low 
an oxidizing intensity to disturb the electrode potential. 

Limitations of the Quinhydrone Electrode . — The quinhydrone electrode is 
not applicable over the entire pH range. In the acid range, 0 to 7 pH, it is 
excellent. In alkaline solutions strongly buffered, results of fair accuracy can 
be obtained to about 9 pH. In solutions poorly buffered, the upper limit is 
approximately 8.0 pH. In the latter ca.se it is essential not to add an excess of 
quinhydrone, because it reacts with the alkali and changes the pH Value of the 
solution. About 6 to 8 drops of a saturated solution of quinhydrone in acetone 
is sufficient for 50 ml. of test solution. 

If the pH value of a solution measured with a hydrogen electrode differs 
from that with a quinhydrone electrode, the difference may be due to the ‘‘salt 
error” in the quinhydrone value. The hydrogen electrode is assumed to have 
no salt error. The magnitude and sign of the salt error (positive or negative 
divergence from the correct pH value) of the quinhydrone electrode depends 
upon the type and concentrations of the salts present in the solution. The 
salt error in nickel plating solutions of total salt concentration about 2.0 N is 
below +0.05 pH. In a 10.0 N ammonium sulfate solution it is approximately 
—0.2 pH, while in a I.O X sodium chloride solution it is approximately +0.2 
pH. Since most solutions are far more dilute than these, the salt error is 
generally negligible. 

In high purity (99%) sugar solutions the quinhydrone electrode gives 
values which are approximately .2 pH low, while on low purity products, such 
as molasses, the values are high. Over purity ranges of 80% to 97% the 
quinhydrone electrode gives good results. 

Antimony Electrode . — Of the various metal and metal oxide electrodes that 
have I>een described, the antimony electrode has proved to be the most satis- 
factory. It does not require gas or a catalytic surface a.s doe.s the hydrogen 
electrode; it does not require the addition of a reagent as does the f|uinhydronc 
electrode. The antimony electrode i.s not readily prepared, but once made up 
is useable for very extended periocls. It may be obtaincfl commercially ready 
for use. It i.s a rugged electrode anrl in certain designs is usivl industrially for 
continuous plant service. The inherent accuracy of the antimony electrode is 
not a.s great as is the hydrogen or the quinhydrone el(?ctrofie. 

Its limitations have been described by IVrley.’ Xotablo among these is 
that the c.m.f, -pH relation varies with the degree of buffering of the solution, 
and that the degree of saturatirm with air, particularly beh)W 7 pH, affects the 
potential-pH relationship. The antimony clcctroflc is not applicable to solu- 
tions which are oxidizing or are strongly reducing, nor in solutions containing 
more than a trace of copper, silver, or other metals below antimony in the 
electrochemical series of the elements. Hf)weYer, under known conrlitions this 
electrofie seiw’es a very u.seful purpose in mea.suring pH over the range of 3 to 
12 pH. It is being user! quite extensively in sugar solutions (beet, raw canc, 
and refinery), paper mills, water treatment, pigments, etc. For measurements 
on a given .sample extending over long periods of time, this electrode is particu- 
larly suitable. 

^ Trans. Am. Inst. Chem. Fngra., 20 (1933). 
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Gloss Electrode . — The work of Hughes,® Kerridge,^ Mclnnes and Dole,*®* " 
and others have shown the possibilities of the glass electrode as a pH measuring 
electrode. The glass electrode consists, primarily, of a thin membrane of glass, 
of a definite composition (72% SiOa, 22% Na20, 6% CaO), one side of the 
membrane being exposed to the solution being measured and the other side 
exposed to a standard reference solution. The membrane is made up in the 
form of a bulb, with a reference electrode and solution on the inside. The bulb, 
along vvith a reference electrode, is immsered in the solution to be tested. The 
glass electrode, which behaves like a hydrogen electrode, is thus interposed 
between two fixed electrodes. 

A high sensitivity galvanometer, or an electrometer potentiometer, is 
required to measure pH with the glass electrode due to its high resistance. 
Glass electrodes and suitable measuring devices are commercially obtainable. 

The glass electrode is particularly suitable for pH measurements in the 
presence of oxidizing and reducing solutions, where other types of electrodes 
give erroneous results. It also is the best ty])e of electrode to use in unbuffered 
solutions, since the introduction of the glass bulb into an unbuffered solution 
does not change the pH of the latter. The electrode is stable over rather long 
periods, the life of tlie electrodes being largely determined by crystallization 
of the glass. The characteristics of the internal reference element and solution 
determine how often they must be replaced. 

The glass electrode, in .some forms, is rather fragile and must be handled 
with care. In other forms, with heavier glass wall, the electrode often exhibits 
an asymmetry potential; that is, it differs from the Xernst equation by more or 
less constant potential. The E.M.F.-pH relationship of the glass electrode is 
linear up to pH 9.(5, above wliich it may be used with a special calibration to 
12.5 pH. Tlie greatest deviation from linearity is obtained in solutions con- 
taining soilium iiJii concentrations in excess of 0.1 niolal. 

The electrode can be made in small sizes, permitting of measurements on 
minute samples. It lias a further advantage in that it does not contaminate the 
solution being niea.‘^ured, should only limited samples be available, and it is 
necessary to make other tletcrmi nations on the same material. 

WoiiKTNc; Fokmi lak Foii pH Electrodes 

1. Hydrogen-Saturated Calomel. 

]^-0. 2()48-l-.0007(>f 

0.00019837’ 

„ r-.2458 

at25°C., pH 


2. Quinhydrome-Saturated Calomel. 

r+ 0.4529-1- .00002f 


pH = 


0.00019832r 


* J. Am. Chem. Soc., 44 , 2860 (1922). 
•Biochem. J., 19, 611 (1935). 

Ind. Eng. Chem. Anal. Ed., 1 , 57 (1929). 
^ J. Am. Chem. Soc., 53 , 3315 (1931). 
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at 25° C., 


pH = 


^+.4534 

,0591 


3, Glass-Saturated Calomel. — When using quinhydrone-l pH hydrochloric 
acid as reference in glass electrode, use formula as applied to (2) Quinhydrone 
above, up to 9.6 pH. Relation is non-linear above 9.6 pH in the presence of 
sodium ions. 

4. Antimony-Saturated Calomel. 

Buffered solutions at 25° C. 

Below pH 7, pH = 

V — .0292 

Above pH 7, pH = — -r~; — 


V = Observed potential in volts, 
/ = °C.. 
r = 273.1 + /. 



POTENTIOMETRIC METHODS ^ 


Measurements of the electromotive forces of electrolytic cells may be used in 
analysis for two closely related purposes: (a) the determination of the concen- 
tration (or activity) of some kind of ion. The concentration of hydrogen ion, 
or the pH 6f a solution, is frequently estimated by this means as has been 
described in the preceding chapter. (6) The determination of end-points in 
titrations. 

The principle of the potentiometer has been explained in the preceding 
chapter. 

Single Electrode Potentials.“The E.M.F. of a cell may be considered to be 
made up of the following effects : 

Total E.M.F. 

Electrode I [ Solution I \\ Solution II [ Electrode 11. 
a b c 

The total effect is: E.M.F. = (ct—c)±6. The sign of c may be different from 
that of a. For example, the values for copper and zinc are respectively +0.344 
and —0.762 under certain conditions; in this case E.M.F. =0.344 — ( — 0.762) 
= 1.106 volts. The liquid junction effect h between the two solutions is due to 
different mobilities of the various ions; it is frequently small (1-3 millivolts), 
and is ignored in most analytical determinations. In precise work the effect 
may be measured, or taken into account by a calculated correction. 

If one of the electrodes, for example, II, is a constant, or reference electrode, 
the changes in total E.M.F. of the cell measure essentially the variations which 
occur at electrode I. 

Suppose that electrode I consists of a metal in contact with a solution of its 
ions, for example silver in contact with a solution of silver nitrate. In such an 
instance Nernst found that the effect at a single electrode could be represented 
by: 

RT 

= — ry/n [Ton], 

7tr 


where R is the gas constant, T the absolute temperature, n the number of 
Faradays concerned in the transfer of 1 gram ion to one gram atom, or vice 
versa, and F the Faraday = 66,540 coulombs, In the natural logarithm, and [Ion] 
the molecular concentration of the ion. Upon converting to common loga- 
rithms (base 10) and substituting for R its value 8316 volt-coulombs, we have: 


J5:i = Eo+ 


0.000108 r 


log [Ion]. 


For silver, for example, 0.798+ 0.0501 log [Ag+] (at 25^* C.). The con- 

vention regarding the sign of the electromotive force here used is the opposite 

* N. Howell Fuiman, Professor of Chemistry, Princeton University, Princeton, N. J. 
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of that given by Nernst; we use the sign of the metal relative to the solutu)n 
which is the convention adopted by foreign and American electrochemical 
societies. 

This electrode potential expression is not limited to substances which can 
be formed into solid electrodes. For example, platinized platinum catalyzes 
the reversible exchange of hydrogen atoms to hydrogen ions, and a hydrogen 
electrode may be formed by causing hydrogen gas to stream through a solution 
into which a lightly platinized platinum, gold, or iridium electrode is dipped. 
At 1 atmosphere pressure of hydrogen gas: 

= 0.0000+0.0591 log [H^] (at 25^ C.). 

The Eq value of the hydrogen electrode is arbitrarily chosen as the standard of 
reference, and is set equal to zero. The Ea value of any other substance is then 
found from the measured value of E (with reference to the hydrogen standard} 
when the concentration of the ion in question is equal to 1 molar. 

If we are dealing with a negative ion, the sign of the second term in the 
electrode expression is negative. For tlie clilorine electrode: A'o— O.Oo'JI 

log[Cl-](at25®C.). 

The Eo value is characteristic for each .sul)stancc and is a measure of the 
relative oxidizing or reducing power of the substance relative to hydrogen. 

It should be noted that Xernst derived the electrode potential formula on 
the basis of ideally dilute solutions, and that the electrode potential is really a 
function of the activity rather than the concentration of the ion in question. 
Hydrogen ion concentration measurements are .standardized at present on 
E.M.F. measurements, or in other words on an empirical activity basis, since 
the point of reference of the whole sy.stem is based on hydrogen-ion concentra- 
tion values calculated from conductance rnea.surement.s”. Koltlu)!! gives the 
relation between the exponents of the activity and ion concentration values as: 

paH-pH+0.04.» 

As far as the potentiometric determination of end-points of volumetric 
reactions is concerned, activity relations need nt)t be taken intr> account. 

Oxidation -Reduction Electrodes. — .-V burnished platinum electrode may, 
wdien dipped into a sf)lution containing an oxidizing agent ami its reduction 
product, assume a potential which is a measure of the reversible oxidation- 
reduction power of t}>e solution. Peters’ found that for the reversible ferric- 
ferrous ion .system, the relations were expres.scd by the formula: 

/? = A’„+0,0.-)91 loR flit 25° {■.). 

[re 1 

In this cas«e thr* Eo value is equal to tlie ob.served value when (Fc^ - [Fc^^] = 1 
(the normal oxidation-reduction jKitenlial), 

In general, for a reversible oxidation-reduction cipiilibriurn : 

f)x+nF^r!Kcd, 

in which Ox represents oxirlizing agent, Red its reduction product, F the Fara- 

*1. M. Kolthoff, Rec. Trav. rhim., 49, 401 (1930). 

>K. Peters, Z. phy.nik. Chem., 26, 193 (1898). 
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clay, n the number of Faradays per gram ion of oxidizing agent, we have, 
if the electrode process is reversible: 




The Eo value is an important characteristic constant for each system, and is 
referred to that of the normal hydrogen electrode as zero. 

If the partial oxidation-reduction reaction involves hydrogen or hydroxyl 
ion, we obtain an electrode expression tliat includes the concentrations of these 
ions. For example: 

MnOr+8H^-h50;^Mn+++4H,O, 


,, , 0.0591 ^ [Mn04-] [H+]« 

o [Mn+^j 


The concentration of water is practically constant for dilute aqueous solutions, 
and hence its actual value need not be introduced in determining the Eq value 
for the system. 

Reference Electrodes, — The concentration of a metallic ion in contact with 
an electrode of the metal may be kept constant by covering the metal with a 
suspension of one of its slightly soluble salts in a solution containing an anion 



Fig. 325.— Calomel I-dectrode Vessels. (1) Modified Ostwald Type. The mercuiy 
is overlain with calomel intimately mixo<l witli mercury; the i>c»tassium chloride solution 
is introduced through tube, 7\ The side tube at a ends in a capillary, or a porous plug 
to prevent diffusion. Contact with tlie rnortniry is nuidc by a platinum wire sealed 
through a glass tube, and joine<i at l> to a rop|>or wire. (2) Represents the bottle type 
electrode recommendetl by IC. Miillcr. Tlie siphon tube, //, is made of two glass 
T- tubes, joined by rubber tul>e8, r. The bottom of each tube is plugged at c vrxth agar 
jelly made up in potassium chloride solution of the strength needed for the electrode 
(0.1 N, N, etc.). 
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in common with the precipitate. The calomel electrode consists of a mercury 
electrode in contact with a potassium chloride solution that is saturated with 
calomel, HgoClj. The concentration of mercurous ions is therefore constant at 
constant temperature, and hence a calomel half-cell serves as a constant or 
reference electrode. Some convenient types of half-cells are shown in Fig. 325. 
The concentrations of potassium chloride that are most frequently used are: 
(i) 0.1 N, (ii) N, (iii) 3.5 N, or (iv) a saturated solution. 


Values for Various Calomel Electrodes 
(Referred to N hydrogen electrode as zero) 


Concentration of 
KCl 


^Calomel in Volt 


0.1 X 0.3380 - 0.00006 (MS) 

1 N 0.2S64 - 0.00024 (M8) 

3.5 X 0.2549-0.00039 (M8) 

Saturated 0.2504-0.00065 (^-18) 


Here t represents degrees Ceiitigrude (applical>le between 10° and 30°). 


Other electrodes that are frequently employed are the silver electrode in 
contact with silver chloride and a potassium chloride solution of de6nite con- 
centration. When the presence of chlorule is undesirable a salt bridge of 
sulfate or nitrate may be interposed between the reference electrode and the 
solution. A mercury-mercurous sulfate-sulfuric acid electrode is convenient 
for reference purposes in the study of oxidation-reduction processes in the 
absence of chloride. 


POTENTIOMETRIC TiTRATIOXS 


If the E.M.F. of a cell composed of two electrodes dipix?<l into an unknown 
solution is measured during a titration, the plot of E.M.F. readings as ordinates 
against ml. of standard solution as abscissas gives in general an abrupt change 
in potential at the analytical end-point of the reaction at the end-point. One 
electrode serv'es as an indicator of changes in ion concentration, and the other 
electrode is a calomel, or other reference electrode. The indicator electrode 
must be appropriate for the particular type of reaction involved. The solution 
must be well stirred during the titration, preferably by a moU)r-driven stirrer. 
If the standard solution is added in small equal increments near the entl-point, 
say 0.05 ml. at a time, the end-point is in general marked by a maximum change 


of E.M.F. per small increment of reagent. That is, the plot of ^ ^ — 

against ml. of reagent gives a maximum at the end-point. In favorable ca.'^cs 
it is not even necessary to record the readings near the end-point, although this 
is advisable until some experience has l>een had with a particular type of titra- 
tion- The outstanding advantages of the potentio metric method are (1) 
applicability to colored solutions; (2) precision of determination of end-poiuri 
(3) the pos.sibiUty of obtaining a succession of end-points, and hence the deter- 
mination of two or more substances by a single titration. 

A type of assembly which is suitable for general study of potentiometric 
titration processes is shown in Fig. 320. If it is not desired to determine the 
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exact voltage range for a given process, the potentiometer may be replaced by a 
simple slide wire potentiometer, and the use of the standard cell may be omitted. 
Some still simpler forms of apparatus are described on p. 2318. One of the 
types of titration cell which may be used when air must be excluded is shown in 
Fig. 327. The vessel shown in Fig. 328 may be used for hydrogen electrode 
titrations if an opening is provided in the stopper for a burette. 



Fio. 326. — Putciitiornctrie Titration ( irniit. Ba, battery; R, resistance; S, battery 
switch; Pot.y potentiometer; .V.F. standard cell; *Si, reversing switch; 82 ^ Si, single-pole 
double-throw switches; In , indicaUir electrode; Ref., referenee electrode; B, beaker 
containing solution to be titnited; p, jwrous plug, or capillary. In most cases a motor- 
driven stirrer is essenti^. (Furman, J. (diem, Edue., 3, 932 (1926).) 


Neutializations. — A calomel electrode is in general suitable for reference. 
The indicator electrode may be any one of the following: 

Hydrogen Electrode ** — The solution should be free from powerful oxidizing 
and reducing agents, for example, permanganate, bichromate, ferric iron, nitric 

* General literature references: Bdttger, Z. physik, Chem., 24, 253 (1897); Hilde- 
brand, J. Am. Chem. Soc., 35, 869 (1913); H. S. Britton, J. Chem. Soc. (London), 
numerous articles, 1924-1927. 
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acid, ions of metals like Ag, Cu which are precipitated, easily reducible organic 
compounds, the alkaloids, certain dyestuffs. 

Quinhydrone Electrode ,^ — May be ‘used in the titration of acid solutions 
which are free from strong oxidizing and reducing agents. May be used for 
alcoholic solutions. 



Fig, 327. — Titration Vessel. Ay inlet for inert alwj used os elect n){ic holder; 
Ry reductor, or other form of special apparatas userl in introducing sainnle; f, motor- 
driven stirrer; D, burette; Ey tube leailing to reference eIe<'trodc; // is a sl»'lter<\l plati- 
num electrode to be inserted in place of E, when the differential method is ased. The 
stopper, G, is bored to give any desired numlicr of ojMUiirigs, through which glass tubes 
are placed. The rubtjer tubes at F join the varioiLs pie(“e,s of apparatus to the glass 
tubes carried by the stopper. The gas escapx-s amurKl the shaft of the stirrer, 
(Furman and Schrx^nover, J. Am, Chem. Soc., 53, 2o(il (1931)). 

Antimony ElecirodeJ ^ — A rod of cast antimony is used; .some antimony 
trioxide, preferably of the stable cubic form, sljould be present. The electrode 
may be used for titrations whore the hydrogen elect n^flc applies, and also for 
determining end-points when strong oxidizing agents are pre.sent. 

Oxygen^ or Air Electrode .'^ — May be used for all ordinary titrations and also 
in the presence of oxidizing agents. 

♦Kolthoff, Rec. Trav. Chim., 42. 18fi (1923); UMer and Par>ion. Proc. Kxpl. Hiol. 
Med., 20, 239 (1923); J. Riol. ( hern., 57, fil3 (1923); Auerbach and Smolczvk, Z. physik. 
Chem., 110, 6.5 (1924); Baggesgaard-Rasmussen and »Schou, Z. Klektrochein., 21, 1^9 
(1925); Wagoner and McGill, J, Am, Pharrn. As.soc., 14, 288 (192.'i); Klit, Z. pliy^ik 
Chem., 131, 61 (1927). 

•IJhI and Kestranek, Monatsh., 44 , 29 (1923); Kolthoff and Hartong, Rec. Trav. 
CTiim., 44 , 113 (1925); Britton and Robinson, J. ('hern. 8or., p. 4.'i8 (1931). 

’Furman, J, Am. Chem. Soc., 44 , 2685 (1922); Tmn«. Am. Flcctrochem. S<^c., 43, 
79 (1923); Britton, J. Chem. Soc., 125 , 1572 (1924); 127, 1896, 2110 (192.5). 
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Gfa55 Electrode ,^ — Suitable in the presence of oxidizing or reducing agents. 
A special electrical measuring system including either a quadrant electrometer 
or a vacuum tube voltmeter is usually required because of the high resistance 
of the 'electrode. However \viih low-resistance glass films (2-5 megohms) a 
simple potentiometer and a high resistance galvanometer may be used. 



Fin. 328 —011 (nr pH M easuroment. Pure liydrogen enters a bubbler, /?i, at a. 
fii is fillpci with Si)ine nf tlic sulution whose pH is measured; the latter is put in vessel A, 
and is saturated with hy<ln>gen. The g;us comes in contact with the lightly platinized 
wire or foil h, wiiich is of platinum, and is sealed into a glass tube, where contact is 
made witli the copjxT wire, E, Tlie liydrogen escaiios through the bubbler, B>, The 
tulie, 7\ is filled with jiotjissimn cldoruie solution, and leads to the calomel electrode; 
c is a poroas plug, or capillary to prevent diffasion. 


Additional metal-metal oxide electrodes which serve as hydrogendon indi- 
cators are known (mercury-mercuric oxide, copper-copper oxide, bismuth- 
liismuth oxhie, tellurium-tellurium oxide, etc.) but do not appear to offer any 
decided advantages over those mentioned.® 

Some graphs of hyilrogen electrode titration data are shown in Fig. 329 
together with graphs of indicator transition intervals. Titration curves of 
similar form are obtained when other indicator electrodes are used. 

The electrometric method is superior to indicator methods when the solution 
ij^ highly colored; it also api)cars to offer decided advantages in estimating small 
amounts of weak acids (see ‘‘differential method,’^ p. 2318). 

* Haber and l^cmensiewirz, Z. phvsik. Chem., 67, 385 (1909); Hughes, J. Am. Chem. 
Soc., 44 , 2860 (1922); J. (’hem. Sor., p. 481 (1928); see Kolthoffand Furman, ‘Totciitio- 
nietric Titrations,’' 2nd. I'M., 1931, for further bibliography and description of apparatus. 

® See Kolthofif and Furman, “ Potent iometric Titrations,” for a review of the 
literature. 
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Potentiometric neutralizations may be made in many anhydrous solvents, 
as, for example, ethyl alcohol,^'* amyl alcohoV^ glacial acetic acid,^ etc. 

Precipitations and Complex Formations 

The reference electrode may be a calomel half cell, with a suitable salt bridge 
interposed if the presence of chloride is harmful. Theoretically any sufficiently 



Fio. 329. — Titration Curves and Changes of Indicators. — (^urve 1, approx. 0.1 X 
sulfuric acid titrated with equivalent alkali; (2) 40 cc. 0,071 1 X phosphoric acid titratwl 
with 0.2 X XaOH (Davis, Oakes, Salisbury, Ind. Fng. Chem., 15, 182 (1923)). (3) 
25 cc. 0.5 X acetic acid with 0.5 X XaOH. The dotted lines lea^ling from the right of 
the hgure represent approximately the mid-points of the visible indicator changes. 

unattacked metal or non-metal might serve as an indicator electrode. Practi- 
cally, only a few have been used successfully, notably the silver, mercury or 
iodine electrodes. These electrodes serve for the titration of halides with silver 
nitrate, or with mercury salts, or for the determination of silver or mercury with 

Bishop, Kittrcidgc and Hildebrand, J. Am. Chem. Soc., 44 , 135 (1922). 

“ Seitz and McKinney, Ind, Eng. Chem,, 20, 542 (1928). 

” Hall and Conant, J. Am. Chem. Soc., 49 , 3047 (1927); Conant and Hall, ibid., 49, 
3062 (1927); Hall and Werner, ibid., 50, 2367 (1928); see aark, “Determination of 
Hydrogen Ions,” and Kolthoff and Furman, “Potentiometric Titrations,” 2nd Ed., for 
further references. 
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halides. Fig. 330 shows the graph of the data obtained in the titration of a 
mixture of iodide and chloride with silver nitrate. This type of process is the 
more accurate: (a) the more concentrated the solution, provided adsorption 
phenomena can be dealt with satisfactorily; (b) the less soluble the precipitate. 



5 10 15 20 25 30 35 40 45 50 

ml AgNOa 

Fig. 330. — Titration of Mixture of C’hloride and Iodide \\ith Silver Nitrate. 25 cc. 
of approx. 0.1 N KI plus 25 cc. approx. 0.1 N KCl titrated with silver nitrate. The 
dotted curve shows the graph obtained when iodide alone is present. 


The silver electrode indicates the end-point of the important complex 
formation process: Ag+4- 2CX“:;=iAg(CN)2''. When this procps is complete 
further addition of silver ion gives a flat curve during the precipitation of silver 
cyanide, followed by an abrupt change at the end of this second process. This 
reaction may be used in the indirect determination of nickel, or in the estimation 
of silver halide in a photographic emulsion.^ 

The titration of halide with silver may be carried out potentiometrically 
with atomic weight precision. The potentiometric method offers especial 
advantages in examining mixed halides (Clark, loc. cit.).^** 

The end-points of ferrocyanide precipitations may be determined with an 
oxidation potential indicator electrode (cf. next section). The ferrocyanide 
solutibn is prepared with a small amount of ferricyanide present. As long as 
ferrocyanide ions are removed by the formation of the precipitate, the potential 


“See W. Clark, J. Chem. Soc. (London), p. 768 (1926). t u t. 

“ References on halide titrations: Behrend, Z. physik. Chem. 11, 466 (18^); 
Dissertation, Dresden, 1920; Treadwell, Janett and Blumenthal, Helv. Chim. Ada, 0, 
513 (1923); fe. MUUer, Z. Elcktrochem., 30, 420 (1924); Phot. Ind., 18, 14 (1924); Clark 
J. Chem. ioc. (London), p. 768 (1926); I.ange and Schw^artz. Z. Elektrochem., 32, 240 
. (1926); Z. physik. Chem., 129, 111 (1929); Macinnes mid Dole, J; 

1119 (1929); Tomicek, Collect. Czechoslovak Chem. Commun., 1, 443, 585 (1929), 2, 
1 (1930); Tomicek an<i Jansky, ibid., 1, 582 (1929). 
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remains in the oxidizing region: as soon as the first excess of ferrocyanich* \s 
present there is a sharp drop in the E.M.F. of the titration cell. 

The titration of zinc with ferrocyanide has been stinlied by a number of 
investigators, and ma/ij conflicting statements and cojwiusions occvr.^^ The 
solution should be only slightly acid; the titration is more rapiVf at 65® than at 
room temperature, but there is danger of overstepping the end-point even at tlie 
higher temperature. KolthofT and Verzijl found that 
in the titration of 100 ml. of 0.1 N zinc sulfate the 
error was as follows: 

Temperature Krror ia Per Cent of ml, of 

° C. Substance Acl<leii Reapent Ueguire<l 

15 (Xfutral sol’ll) —1.04 

6 .^ (Neutral sol'n) —0.9 

15 0,12 N sulfuric acid —0.77 

G5 0.12 X H,S() 4 , 3 g. K-SO 4 -0.4 

f>5 5 g. K;S{)4 —0.45 

15 10 g. ammonium ehloride —2.25 

65 10 g. ammonium chloridi? —0.8 

15 20 g, ammonium sulfate —0.05 

65 20 g. ammonium sulfate —1.15 

From Potimtiometrie Titrations, 2nd Fd., Koltluiff and 
Furman. 

Large amount.s of calcium and magiie.siimi cause 
errors; addition of flinjride prevents the interference of 
ferric ion. Manganese must be remove<l before the 
titration. 

... o I T With potassium ferrocvanide the precipitate is 

dicator Electrode, a whereas with other alkali metaUerro- 

represents about 5" of cyanides the precipitate has a dilTerent coin]K)sition. 
Xo. 28 B. and S. From all of the considerations which liave been pre.sented 
throuX’a"dls.sTuS! evident that good re.sult.s will l)e obtained only 

and fused S b to a t^^^der carefully stamlardizoil cxiwrimental conditions, 
copper wire, which Cadmium and lead may be determined by ferro- 
leacis to the binding cyanide precipitation, but silver and copi>er give erratic 
IK)st c. The rubber results ** 

tube, r, supports the -j -n j r^t • r ^ 

electrode on the bake- Oxidation - Reduction Reactions. — Fhe mdicaror 

lite plate, d, which electrode is of burnished platinum, either wire, foil or 
may bedriilfsitocarTy gauze. Fig, .3.31 repre.sent.s the con.struetion of one .satis- 
factory ty|xj of electrode. A cal<jrnel or a rnercury- 
showTi. mercurous .sulfate and sulfuric acid reference clcctrmle 

may !>e u.sed. 

The reagent may be any sulficiently stable oxidizing or reducing agent, 
and each reagent may l)e u.sed to determine one or more substances in a single 

** Knauth, Dissertation, Dresden, 191.5; von Bischnw'sky, Ind. Eng. Chem., 9, 6f>S 
(1917); Hedrich, Di."sertation, Dresden, 1919; KolthofT, Uec. Trav. Chim., 41, 42.5 
(1923); KolthofT and Verzijl, ibid., 43, (1924); Fr, Miiller, Z. anorg. allgem. Chcin., 

128, 126 (1923); E. Muller and (hibler, Z. analyt. Fhom., 62, 29 (1923); Treadwell and 
Cbervet, Hclv. Chim. Acta, 5, 633 (1922); 6, 5.50, .559 (192.3). 

**See Kolthoff and Furman, '‘Potentinmetric Titrations pn. 331-333, 2nd Ed * 
1931, for determination of cerium, lanthanum, gallium, and indium by ferrocyanide 
precipitation. 
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titration. In Fig. 332 is shown the determination of iron, vanadium, and ura- 
nium by a single titration of the reduced solution with permanganate. The 
uses of potassium permanganate, bichromate, iodate, bromate or ceric sulfate 
have been intensively studied, and the potentiometric method offers the ad- 
vantages of accuracy, speed, and usefulness in highly colored solutions. The 
powerful reducing reagents, chronious, titanous, or stannous chloride, arsenious 
acid, and ferrous sulfate have decided advantages in certain fields of industrial 
analysis. We shall describe only those methods which are useful in steel 
analysis. 



Ml KMnO^ ► 

Fio. 332. — Simultaneous Determination of Reducing Agents. From data of Muller 
and Flath. Z. Klektrochem.. 29, 500 (1923). Tlie cc. of permanganate given by (a-r) 
(‘orrespond to oxidation of U"'* to U'"'; /> cc. are equivalent to the iron, and c cc. to the 
vumniium. 


Determination of Chromium and Vanadium in Alloys. — Tlie pioneer work 
in this field was done by Kelley and his associates.^^ It was found possible to 
balance the E.M.F. of the cell approximately during the titration. The end- 
point was then marked by a single iK'rmancnt galvanometer deflection. Kelley 

'’ Kelley and Conant, Am. Them. Soc,, 38, 341 (1910); Ind. Eng, Chem., 9, 7^ 
(1917); Kelley, Wiley, Bonn and Wright, Ind. Eng. Clicm,, 13, 939 (1921); 11, 633 (1919); 
Kelley and Wiley, Ind. Eng. Chem., 13, 1053 (1921). 
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devised an electrotitration apparatus in which this principle of operation may 
be most easily used. More recent work has led to improved and more selective 
oxidation methods prior to titration.** The following procedures are those of 
Willard and Young. They found that potassium bromate oxidizes vanadium 
selectively in the presence of chromium if the solution contains a definite con- 
centration of hydrochloric acid. 

2KBrOa+ 10VOSO4-f - IOHVO3+ Brj+ K2SO4+ OHjSO^, 

Vanadium in Chrome-Vanadium Steels. — A sample of 4 or 5 g. isi convenient 
when the percentage of vanadium is low (0.15 to 0.25%). Place it in a 600-nil, 
beaker, add 30 to 35 ml. of water and run in 1.5 ml. of sulfuric acid, sp.gr, 1.83, 
for each gram of steel, and 3 to 4 ml. of acid in addition, to speed the solution. 
After the steel has completel}^ decomposed, boil until a considerable quantity 
of salts separates out, in order to as.sist in decomposing carbides. Dilute wdth 
20 ml. of water and heat until the salts have dissolved. Add nitric acid, sp.gr. 
1.42, drop by drop to the hot liquid until the violent oxidation of ferrous sulfate 
is over (3 to 3.5 ml. of acid are sufficient). Boil the solution to destroy oxides 
of nitrogen, dilute to 200 ml., and add to this solution which should be at room 
temperature, 6 ml. of hydrochloric acid, sp.gr. 1 18 (if a 4 or 5 gram sample is 
used; with a smaller sample more acid must be added: 9, 12 and 14 ml re- 
spectively for 3, 2 and 1 g. of iron), 5 g. of ammonium sulfate, and 1.5 to 2 g. 
of potassium bromate. Leave the material on the low temperature hot plate 
for 15 minutes, by which time it should reach approximately 65° C., boil 10 
minutes to destroy excess bromate, cool in ice to 5° C., add 25 mi. of ice-cold 
sulfuric acid, sp.gr. 1.5, and titrate with 0.025 N ferrous sulfate. 

Vanadium in Chrome-Vanadium-Timgsten Steels. — The sample may vary 
conveniently from 1.5 g. for a steel containing 1% or more of vanadium to 3 g. 
for 0.2% of vanadium. Add 25 to 30 ml. of water to the weighed sample in a 
400-ml. beaker. Use 1.5 ml. of sulfuric acid, sp.gr, 1.83» for each gram of steel 
and 3 to 6 ml. excess. Warm gently until there is no further evolution of 
hydrogen. Boil over a free flame until salts begin to separate in order to assist 
in breaking up carbides, dilute to about 50 ml. and boil until salts have dis- 
solved. Add to the boiling hot solution nitric acid of sp.gr, 1.42, drop by drop, 
until the violent action is over, then 5 to 6 ml. in excess. Boil down until 
tungstic acid separates out in considerable amount and becomes yellow; 
dilute somewhat with hot water, let settle, and filter the tungstic acid, using 
hot 1% sulfuric acid to transfer the precipitate to the filter. Place a 150-ml. 
beaker under the funnel, puncture the paper, and wa-sh through most of the 
tungstic acid with water. Dissolve the remainder of the material on the filter 
with hot 4% sodium hydroxide Add 5 to 10 ml. more to the original beaker 
to dis.soive any precipitate that adheres to the glass, using only about 15 ml. in 
all. It is convenient to have on hand a stock solution of ferric ammonium alum 
(345 g. of the salt per liter) of such strength that 25 ml. of the solution will 
contain 1 g. of iron and 1 ml. of sulfuric acid, sp.gr. 1.83. To the main filtrate 
from the tungstic acid, contained in a 600-ml. beaker, add 75 ml. of this stock 
alum solution (equivalent to 3 g. of iron) and, stirring constantly, pour in the 
sodium tungstate which will contain some ferric hydroxide in suspension. A 

» Willard and Young, Ind. Kng. Chem., 20, 764, 769 (1928). 
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clear solution will result, and the volume of liquid at this point should be about 
200 ml. Add 6 ml. of hydrochloric acid, sp.gr. 1.18, if a 1.5 g. sample of steel 
was used, or 4 ml. if a larger sample than 2 g. was taken, and 1.5 to 2 g. of 
potassium bromate. From this point the procedure is as given in the preceding 
section. 

Note. — If undecomposed carbides are found in the foregoing procedure, the tungstic 
acid may be fused with sodium peroxide in an iron crucible. After extracting with 
water and decomposing excess peroxide, and addition of 0.1 g. of sodium sulfite to reduce 
any chromate present, the solution may be returned to the main filtrate to which addi- 
tional iron has been added. 

Purity of Bromate. — Chlorate is frequently present; by blank tests it was 
found that as much as 0.12% is not harmful; 0.25% of potassium chlorate, how- 
ever, caused a blank correction of 0.12 to 0.15 mg. vanadium. Test of bromate: 
add to 200 ml. of water in a 600-ml. beaker, 3 ml. concentrated sulfuric acid, 
sp.gr. 1.83, 6 ml. hydrochloric acid, sp.gr. 1.18, 5 g. of ammonium sulfate, and 
2 g. of the bromate. Boil 10 minutes and cool to room temperature. If not 
more than 3 drops (0.22 ml.) of methyl orange (0.02 g. indicator in 100 ml.) 
will impart a permanent color to this solution, the material is satisfactory for 
the bromate oxidation method. 

Chromium plus Vanadium in Chrome-Vanadium-Tungsten Steels. — A 1 
to 1.5 g. sample is convenient. Place it in a 400-ml. beaker, add 40 ml. of water 
and 10 ml. sulfuric acid of sp.gr. 1.83. Warm gently until there is no further 
evolution of hydrogen. Boil over a free flame until salts begin to separate in 
order to as^sist in breaking up carbides, dilute to about 50 ml. and heat until the 
salts have dissolved. To the boiling hot solution add nitric acid, sp.gr. 1.42, 
drop by drop, until the violent action is over, then 5 to 6 ml. in excess. Boil 
down until the tungstic acid separates in considerable amount; dilute to 60 to 70 
ml. with hot water, let settle, and filter off the tungstic acid, using 1% sulfuric 
acid to transfer the precipitate to the filter. Place a 150-ml. beaker under the 
funnel, puncture the paper, and wash through most of the tungstic acid with 
water. Dissolve the remainder of the material on the filter with hot 4% 
sodium hydroxide. Add 5 to 10 ml. more to the original beaker using only 
about 15 ml. in all. To the main filtrate from the tungstic acid, contained in a 
600-ml. beaker, add 1 g. of iron in the form of stock ferric alum solution (see 
preceding procedure), and, stirring constantly, pour in the sodium tungstate 
solution. A clear solution will result and the liquid should be diluted at this 
point to 300 ml. Heat to boiling, add 10 ml. of silver nitrate containing 2.5 g. 
of AgNOj per liter, and 5 g. of ammonium persulfate. If no permanganate 
tinge appears in the solution on boiling, .a little more persulfate must be added. 
Boil the solution 10 minutes to decompose excess of persulfate. Add 5 ml. of 
1 : 3 hydrochloric acid to reduce permanganate, and boil vigorously for 10 
minutes to remove chlorine. Cool in ice to 5° C., add 25 ml. of ice-cold sulfuric 
acid, sp.gr, 1.5, and titrate electrometrically with 0.1 N ferrous sulfate. 

Chromium plus Vanadium in Chrome-Vanadium Steels. — A 2 g. sample is 
convenient when the steel contains not more than 2% chromium; for samples of 
larger chromium content a 1 g. sample is suitable. Place it in a 600-ml. beaker, 
and dissolve as directed in the preceding procedure. After completion of 
solution and treatment with nitric acid, and expulsion of oxides of nitrogen, the 
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solution is diluted to 300 ml. and oxidized with persulfate in the presence of 
silver nitrate, etc., exactly as described in the preceding section. 

If no vanadium is present, the latter two procedures give chromium alone. 
If both chromium and vanadium are present, the vanadium alone is determined 
by the bromate oxidation procedure, and hence the amount of chromium can 
be determined by difference after the determination of the sum of chromium 
and vanadium by the appropriate one of the latter procedures. 

Simplified Titration Methods 

Thus far we have considered in detail only the classical potentiometric 
method, using indicator and reference electrodes. Mention has been made of 
the Kelley single deflection end-point (p. 2315). Still simpler procedures are 
possible. 

Pinkhof-Treadwell Method.*® — The titration cell consists of the usual 
indicator electrode, and a six^cially constructed reference electrode which lias 
the single potential that the indicator electrode will assume at the end-point. 
For example, a silver-silver cliloridc electrode covered with a sodium nitrate 
solution might serve in titrating chloride with silver, or vice versa. Xo 
potentiometer or external source of current is needed. 
Tlie two electrodes (silver wire, and silver-silver chloride 
half cell) are joined in series with a tapping key, resis- 
tance, and galvanometer. At the end-point the galva- 
nometer shows zero deflection, and the direction of the 
deflection reverses as the end-iKiint i.s passed. Miiller 
made this procedure general by the device of oppo.sing 
an IXM.F. equal and opposite to that known to be 
dovclrqied by the usual indicator-reference electrode 
system at the end-point. 

The Differential Method. — If one of two similar 
metal electrodes i.s sheltered by .some device that with- 
holds a small part of the solution from mixture with the 
remainder, then with small additions of reagent near 
the end-point, followed by allowing the sheltered por- 
tion of the solution to mix wdth the rest, the differences 
in E.M.F. between electrodes plotted against small 
increments of reagent give,s a sharp maximum at tlie 
enrl-point.*” The extremely .simple electrode system of 
Hail, .Jensen and Back.str6m i.s shown in Fig. 333, and 
the more elaborate ones of Macinnes and Dole, and of 
Clarke and Wooten are represented in Fig. 3.'M. The 

.J. Pinkhof, Di.«aertotion, Amsterdam, 1919. Treadwell and Wei-ss, Helv. (’him. 
Acta, 2, 680 (1919;. 

Cox. .1. Am. ( hem. Sor., 47, 2138 (192.5); Macinnes and Jones, ibid., 48, 2831 
(1926); Macinnes and Cowperthwaite, ibid., 53 , 5-5.5 (1931); Macinnes and Dole, ihitl., 
51 , 1119 (1929;; Rf>th, Z, Klcktrorhem., 33 , 127 (1927); Herkzo, Z. analyt. Chem., 73, 
404 (1928); 74, 289 (UKSH); 75 , 183 (1928); Kamienski, Bull. Acad. Polonaise dcs Sn. 
et Jjettres, p. 33 (1928); Muller and Kogert, Z. phystk. Chem., 136 , 448 (1928); llaih 
Jen.sen and Backstrom, J. Arn. (.‘hem. w>c., 50 , 2217 (1928); Clarke and Wooten, •!. 
Phys. Chem., 33 , 1468 (1929); Hhukoff and Gortikoff, Z. Elektrochem., 35 , 853 (1920); 
Rabinovich, Z. Elektrochem., 34 , 311 (1928). 





Fig. 333. — Differen- 
tial Apparatm?. Con- 
structed from a medi- 
cine dropper and two 
platinum wires. After 
each reading near the 
end-point the shelterwl 
portion is forced intf) 
the sf)Iutif>n by .squeez- 
ing the bulb. 
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latter (Fig. 334, (2)) made possible the titration of 0.001 N acetic acid with 
e(juivalent baryta solution with a mean deviation of ±0.8%, using quinhydrone 



Fio, 334. — Differential Apparatus. (1) Macinnes and Dole’s apparatus. Inert 
ga.s passes throuj^h (}, and ojx'nites the lift pump, A. The bottom hole of tube A is of 
capillary dimensions; ujx'ning, //, is a safety outlet which functions when the pump 
ojsTates t{K) rapidly. (2) Apparatus of (’larke and Wooten. C is a sheltered electrode. 
When tap A i.s closed, the .solution about the sheltered electrode may be pumped into 
the main solution by means of the rubber bulb, B. 



A B 


Fto. 335.-~A. Midler’s Capillary lloferenee Electrode. So little liquid remains in 
die rapillary that no correction need 'be .applied in ordinary work. B. Burette electrode 
of Willwti and Boldyrcff. 
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electrodes. Macinnes and Dole have shown that great precision (±0.003%) 
may be obtained in the differential method as applied to argentometric 
titration. 

Closely allied to the simpliSed differential method are the capillary electrode 
of Muller, Fig. 335/1, and the burette electrode, Fig. 335fi, of Willard and 
Boldyreff,^ These devices do not, however, give differential readings, but 
rather the customary form of titration graph which has a maximum jump in 
potential at the end-poiut. 

Bimetallic Electrodes, (a) Dissimilar Electrodes , — A number of studies 
have been made of the use of pairs of metallic electrodes in neutralizations.^ A 
large number of possible electrode pairs have been studied; the most satis- 
factory, according to Holt and Kahlcnberg are tungsten-natural graphite, 
antimony-natural graphite, and tungsten-silver. These pairs were applied in 
the titration of 0.1 X acids with 0.1 X bases. 

The application of dissimilar metallic electrodes in the field of oxidation- 
reduction reactions is largely the work of Willard and Fenwick.^* They found 
that a system composed of platinum, or platinum-rhodium, with tungsten gave 
excellent results. There is a sharp break in the E.M.F. vs. ml. curve at the 
end-point. After the break the two electrodes may stay at different potentials, 
or come together, depending upon the nature of the reaction. Furman and 
'Wilson ^ found that the platinum-tungsten system if joined in series with a high 
resistance and a galvanometer, gave a maximum galvanometer deflection at 
the end-points of many oxidation-reduction reactions (Fig. 336). 

Polarized Systems. — If two platinum electrodes, as nearly as possible 
identical, are polarized with a very small current, then at the end-points of 



Fio. 336. — Furman and Wilson's Ap- 
paratas. The leas sensitive the galvanom- 
eter, Gy the smaller the resistance, Ry 
which is a radio grid leak. For a g^va- 
nometer of 0.05 microamp. sensitivity, R 
abouJd be about 1 



Fia. 337. — Foulk and Bawden Appa- 
ratas. E, E, electrodes; /i, dry cell, 5', 
switch, Ry resistance (the resistance be- 
tween the electrodes mu.st be a small por- 
tion of the total), G is a lamp and scale 
gaivanometcr of about 0.05 microampere 
per mm. sensitivity. 


** Muller, Z. physik. Chem., 135, 102 (1928). 

** Willard ana l^ldyreff, J. Am. Chem. Soc., 51, 471 (1929). 

® Brffnnich, Ind. Kng, Chem,, 17, 631 0^^); Fuoss, Ind. Eng. Chem., Analyt. Ed., 
I, 125 (1929); Kahlenberg and Krueger, Trans. Am. Electrochem. 8oc., 56, 201 (1929); 
Holt and Kahlenberg, ibid., 57, 361 (1930). 

** Willard and Fenwnck, ,J, Am. Chem. Hoc., 44 , 2.504 (1922); Fenwick, Dissertation, 
University of Michigan 1922; Hostetter and Roberts, J. Am. Chem. Soc., 41 , 1337 
(1919); VanXame and FenwicK, J. Am. Chem. Soc., 47 , 9 (1925). 

* Furman and Wilson, J. Am. Chem. ^c., 50, 277 (1928). 
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oxidation-reduction reactions there is a sudden depolarization phenomenon, 
acd the electrode pair suddenly develops a large difference in potential (100 to 
200 millivolts) This gives a sharp indication of the end-point which is 
limited to a small volume of standard solution, and hence the end-point may be 
over-stepped, Foulk and Bawden ^ have devised a simple continuous-reading 



TREADWELL (1925) 



Fio, 338. — Thermionic Vacuum Tube Circuits. (1) Goode's circuit. Rt se^es to 
balance out the residual plate current, and resistance /?5 serves as a shunt for the 
vanometer. (2) Treadwell circuit. A small voltage is put in series with tlie titration 
oell to operate on a favorable portion of the plate current-grid volta^ line. The indi- 
cating instrument is a millivolt meter of the kind used in thermocouple work. 


system with polarized platinum electrodes (Fig. 337). The end-point is a 
sudden shift of the galvanometer needle cither from zero to a large deflection 
or vice versa, after which it assumes a stationary position ; it is, therefore, called 
the “dead-stop*' end-point. 

Use of Vacuum-Tube Voltmeters.— The titration cell may be bridged 
between the negative end of the filament circuit in such a way that the negative 
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end of the titration cell is attached to the grid of the radio tube. A sensitive 
milliam meter, millivoltmeter, or galvanometer in the plate circuit then gives 
readings that are proportional to the E.M.F. of the titration cell, if the condi- 
tions are such that the plate current is a linear function of the grid voltage.’* 
Diagrams of two simple circuits are shown in Fig. 338. The circuit described 
by Treadwell (Fig. 338 (2)), is easy to construct and operate. For industrial 
use at intervals over long periods of time it is desirable to have a rugged switcli- 
board type of milliammeter, taiige 0 to 0.5 milliamp. as indicating instrument, 
and a “B” battery of small lead storage units (cf, Ehrhardt, loc. cit.). Many 
commercial vacuum-tube voltmeters are now available. They htive the a(l- 
vantage of compact construction, since batteries are eliminated by the use of a 
"power-pack" which enables one to plug the instrument into the A.C. lighting 
circuit and make continuous-reading titrations.** 

Micro-methods. — The potentiometric method offers certain advantages in 
micro determinations, particularly in o.xidation-reduction methods, and in cer- 
tain precipitation processes.^ 

Goode, J. Am. Chem. Soc., 44, 26 (1922); 47, 2483 (1925); J. Opt. Scj. Rev. Sri. 
Insts., 17, 59 (1928); Calhane and Ca^^hing, Ind. Eng. Chom., IS, 1118 (i923); Treadwell, 
Helv. Chim. Acta, 8, 89 (1925); Bienfait, Trav. Cliim., 45, lt>6 (1926); Ehrhardt, 
"Chem. Fabrik," pp. 443, 455, 463 (19^); Oelbach and Compton, Ind. Eng. Clicm., 
Analjt. Ed., 2, 396 (1930). 

**Some typical circuits and further literature references are given by: Partridge, 
J. Am. Chem. Soc., 51, 1 (1929); Fr. MiJler, Tran.s. Klcctrochem. ^c., 62, 335 (1932); 
Compton and Haring, ibid., 62, 195 (1932); Willard and Hager, Ind. Eng. Chem., Anal. 
Kd., 8, 144 (1936); Carman and Droz, ibid., 1, 341 (1935). 

Xussberger, Dissertation, Zurich, 1924, p. 40; Benedctti-Pichler, Z. analyt. C’hem., 
73, 200 (1928); Xiederl and Midler, J. Am. Chem- Soc., 51, 1356 (1929); Zintl and Betz, 
Z. analyt. Chem., 74, 330 (1928). 



CONDUCTOMETRIC METHODS' 


1. THE PRINCIPLES OF CONDUCTOMETRIC TITRATIONS 

Electrometric titrations can be divided into two groups: potentio metric 
methods, discussed in a previous chapter, and conductometric procedures. 
The theory underlying these two groups is entirely different. The theory of 
potcntiometric titrations as has been pointed out is very similar to that of 
ordinary titrations, insofar as the change of the potential of a suitable electrode 
is a linear function of the change of the logarithm of the ion concentration or 
the logarithm of the ratio of concentration of oxidant to reductant in the system 
to be titrated. A large jump in potential at the equivalence point means a 
sharp color change of a suitable indicator; and the titration to a definite poten- 
tial is comparable with an ordinary titration in which the reagent is added until 
the indicator has assumed a definite color. Therefore, the electrode in a 
potcntiometric titration can be more or less compared to a specific indicator for 
the ion or redox system to be titrated. 

In conductometric work, on the other hand, all ions present contribute to 
the electrical conductivity of the solution. If an electrolyte is added to a 
solution of another electrolyte without changing the volume to any appreciable 
extent, the conductivity increases insofar as the electrolytes do not react with 
each other. If an ion of one electrolyte unites with an ion of the other to form 
a slightly dissociated or slightly solulde substance or if it changes the total ion 
concentration by an oxidation or reduction process, then the conductivity of 
the solution may change in three different ways, before the equivalence point 
has been reached: (1) The conductance decreases. (2) The conductance 
remains unchanged. (3) The conductance increases. ^ 

The conductance of various ions for the electric current is different. It is 
usually expressctl by the mobility of the ion. The equivalent conductivity 
A of an electrolyte BA is equal to the sum of the mobilities of both ions: 

Aha ~ 

The equivalent conductance A is the conductance in reciprocal ohms of a solu- 
tion containing one gram equivalent of solute when placed between electrodes 
which are one cm. apart; hence, it is ocpial to the specific conductance divided 
by the concentration, the latter being expressed in equivalents per ml. 


A = ^1000. 

* denotes the specific conductance of the solution, e the concentration ex- 
pressed in equivalents per liter. The equivalent conductance in o ler i^or s 
is the specific conductance the solution would have if the electrolyte were 
present in a concentration of one equivalent per ml. On account ^ ^ 

ionic effect the equivalent conductance or the mobility of the ions decreases 

> By I. M. Kolthoff, Professor of Chemistry, University of Minnesota. 
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with increasing electrolyte content of the solution. The values reach a maxi> 
mum at infinite dilution. In dilute solutions the following relation holds 
between the equivalent conductance Ac at a concentration c and A^: 

Ac=Aa,~il\t 

j 4 is a constant which is different for various electrolytes. The mobility of the 
ions increases very much with the temperature, as their migration velocity 
increases. The increase of the mobility of most ions is 2 to 2.5% for C. 
increase in temperature, for hydrogen ions the change is only 1.5% {or hydroxyl 
ions 1.8% per one centigrade degree change in temperature. 

In the following table the mobility of some ions at 25® and at infinite dilution 
are reported. The data are taken from reliable studies reported in the 
literature. 



Mobility of Some loos at 25® 

at Infinite Dilution 


Li^ 

41.7 

OH- 

193 

Xa^ 

50.8 

ci- 


Ag+ 

63.4 

75.8 


74.8 

NOr 

70.9 

sue 

74.9 

HCOr 

47 


3.50 

IO 3 - 

39.6 

CHjCOO- 

40.8 


65.2 

iCOr 

70 


61 

K’20r 

73.5 

IMg-^ 

55.0 

LSOr 

80.0 

iPb-- 

71.0 

iFe(C‘X)r 

97.3 

TL 

76.0 

iFe(CX)r 

100.8 


53.6 




54 




68.4 




Let us now consider how the conductance of a solution of a strong electrolyte 
BA will change upon the addition of a reagent CD, assuming that the cation 
reacts with the anion D" of the reagent. If the product of reaction is slightly 
dissociated or insoluble, the reaction may be expressed by the equation: 

B++ A--h C+4- /)-->/! D-f A~+ C~ 

Ion to l>e reagent insoluble or 
determined sliglitly 

dissociated. 

Therefore, by the reaction between and D~ ions, the B ions during the 
titration are replaced by C ions. 

Case 1. — The mobility of the B ions (X/d i.s greater than Xr : the conductance 
of the BA solution decreases upon the addition of the reagent CD. This case 
generally occurs in the titration of strong acid with strong bases or in the reverse 
titration. The hydrogen and hydroxyl ions distinguish themselves from the 
other ions by a much larger mobility. (See table, above.) 

Case 2. — Xa and Xr are equal. The conductance remains unchanged by 
the addition of CD until the equivalence point has been reached. This case is 
met with in most precipitation reactions. In the titration of silver nitrate with 
barium chloride, the barium ion takes the place of the silver ion and as both ions 
have about the same mobility, the conductivity does not change during the 
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reaction. If instead of barium chloride, sodium chloride is used as a reagent, 
the conductivity decreases slightly as XAg+ is greater than XNa+. On the other 
hand with potassium chloride as a reagent, the conductivity increases slightly 
because Xab'*' is smaller than Xk"'*. ^ 

Case 3. The conductivity increases from the beginning of the titration if a 
slightly dissociated substance is titrated and the reaction product is a strong 
electrolyte. This case in general occurs in the neutralization of a weak acid 
with a strong base or a weak base with a strong acid. In any case the conduc- 
tivity increases after the equivalence point has been reached, at least if the 
reagent is strong electrolyte. 

In a conductometric titration the conductance is measured after addition of 
successive amounts of reagent. The points thus obtained are plotted to give a 
graph which as a rule consists of two straight lines intersecting at the equivalence 
point. Therefore, the latter is found in a grapliical way. In contrast to any 
other 'type of titration method, measurements near the equivalence point have 
no special signihcance. As a matter of fact the values found near the equiv- 
alence point are often worthless in the construction of the two straight lines, 
on account of the fact that the reaction product by its dissociation or solubility 
contributes to the conductivity of the solution whereas we have to know the 
data where the conductivity caused by the reaction product itself is negligibly 
small. In reactions which can be made the basis of a conductometric titration, 
the latter is always the case, when there is an excess of ion to be titrated or 
reagent. Near the equivalence point the points often do not lie on one of the 
two straight lines, but the coiiductiAuty found is higher than the corresponding 
ones on the straight lines (titration of very weak acids and bases; hydrolysis; 
precipitation reactions); comp. Figs. 346, 347, and 348. 

The point mentioned that a marked hydrolysis, solubility or dissociation 
of the reaction product does not affect the accuracy of the method very much 
makes the application of conductomdric tilTaiions 'possible to those cases where 
other Htratio7i mdhods fail to give results. This will be shown by several examples 
in the following review. 

On the other hand, it is emphasized here that the conductometric method 
can be much less generally applied than the ordinary or potentiometric one, on 
account of the fact that large amounts of foreign electrolytes which do not take 
part in the reaction, affect the accuracy greatly. The relative change of the 
conductivity during the reaction and upon addition of excess of reagent mainly 
determines the accuracy and tins change is decreased by the presence of foreign 
electrolytes. Of course one must not infer from this that the conductometric 
method is rendered impossible by the presence of foreign electrolytes; if pre- 
cision methods are used in the measurement of the conductivity and the titra- 
tion is carried out in a thermostat, the method can be applied in the presence of 
relatively large amounts of indifferent electrolytes. This, how'ever, is reached 
at the cost of the simplicity of tlie method. 

2. THE PERFORMANCE OF CONDUCTOMETRIC TITRATIONS 

For details about the measurement of electrical conductance and the 
^iRnificance of the cell constant the reader is referred to textbooks on electro- 
chemistry. 
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An ordinary conductometric titration can be carried out in a relatively short 
time (ten minutes or longer). 

A titration cell as given in Figs. 339 or 340 can be used. Figure 339 gives 
the more or less classical model of Dutoit. The two platinized platinum 

electrodes are in a vertical position in order 
to prevent the deposit of a precipitate in 
precipitation reactions. The electrodes are 
welded to a platinum wire, the latter being 
sealed in the glass and making electrolytic 
contact outside the vessel in ‘a mercury 
pocket. The cell is placed in a block of 
wood or paraffin. Successive portions of 
the reagent are added from a microburet 
which can be connected in some way to a 
reservoir containing a .supply of the iitaiKl- 
ard solution. It is recommended to use a 
reagent which is at least ten to twenty times 
more concentrated than the solution to be 
titrated. The cell in Fig. 339 also contains 
a thermometer <lividod into 0.1 degrees. A 
change in temperature during the titration 
will cfTect the result very much as the con- 
ductivity increases greatly with increasing 
tem{>erature (f<jr mo.-it salts about 2 to 2.i)% 
for 1°). In cases wliere the heat of reaction 
is fairly high, irregularities in the conduc- 
tivity curve may occur on account of the 
temperature effect. As a rule, liowevcr, the 
^ectroda heat efToct during a titration is very small. 

-•Glass After the addition of reagent the cell is 

I sliaken to secure homogeneous mixing: i” 

^ manipulation one has to be careful not 

yT I j to warm the solution by taking the wlmle 

P'lO- 339. cell in his hand, (’onvenient for the slink- 



ing i.s a gla.ss handle attached to the cell 
as in Fig. .340. If work i.s done with solutions of (juite difT(*rent conductance, 
one should have a few titration cells witfi different cell constants adaptetl to 
the special work. The accuracy in the location of the end-i)oint in coinlucto- 
metric titration.s as a rule is not larger than 0..^ to 1%. For preci.se work it i-S 
recommemied that the titration Ixi jx^rformed in a therrn^istat. 

It Ls not necessary to know the absolute values of the sjx*cific conductivity 
of the solution during the titration; the reciprocal value of the reshstance can he 
plotted as it is profXirtional to the conductance. 

The conductance can Im measured according to the classical method of the 
Wheatstone bridge, using a telephone for the detection of the mininnini* 
Though this method is quite .sat i.s factory, it has a special disadvantage, namely, 
that one nced.s a rpiiet rtiom, undisturbed by noises. This requirement rnigl'l' 
prevent a more general application of conductometric titrations. Fortunately, 
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at the present time the telephone can be replaced by other instruments or 
arrangements so that the minimum can be detected in a visual wav 
In the first place the Leeds and North- 
rup alternating current galvanometer may 
be mentioned. The equipment provides 
means for utilizing current from a sixty 
cycle 110 volt A.C. circuit and the gal- 
vanometer is especially recommended for 
conductometric titration work. It is not 
suitable fcfi* highly precise measurements 
and even in titrations some difficulties 
may arise by polarization of the elec- 
trodes and the heating of the solution 
in the cell. If these difficulties are over- 
come, it seems that the A.C. galva- 
nometer will furnish us with the sim- 
plest apparatus for detection of the 
point of balance on the Wheatstone 
bridge. Of other methods recommended, 
those advocated by (h .Jander and O. 
rfundt “ will be briefly discussed. Tliey 
use a tlicrmo-cross (Fig. .S41) or a special 
commutator (crystal detector) (Fig. 342 
thcrmo-cross, Th, and the transformers are placed in the Wheatstone bridge 
instead of the tclejihone. flic thermo-cross consists of a couple of constantan 




S 

Fig. 340. 

as rectifiers. In Fig. 341 the 



^nd iron wire kept in a small box to protect it from atmospheric disturbances, 
a current passes through the bridge a thermo current is developed and the 

'^ftuder and 0. Pfundt. “Die visuclle Ijcitfahigkeitstitration,” 2d Ed., Stuttgart 
Verlag Knke, also in "Pnvsikalischc Methoden der Analglischen Chemie,” Akad, 
verlagsgee. Leipzig, 1036, pp.‘^l~o4. 
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galvanometer G gives a deflection. In order to prevent the direct current from 
passing through the conductivity cell, the transformer, T, is placed in the cir. 

cuit. /? is a resistance by means of which 
the sensitivity of the system can be reg- 
ulated. W is a known resistance and 

AB a slide wire used as in the ordinary 

method. The apparatus can be used in 
different ways; many details have to be con- 
sidered, for which the' reader is referred to 
the work of Jander and Pfuncfc. Simpler 
to manipulate is the system in Fig. 342 
where U represents the rectifier. It may 
be mentioned that T. Callan and S. Hor- 
robin ^ a few years ago described a similar 
arrangement in which they used a carbo> 
nindum detector (from the Carborundum 
Company) as a rectifier, also \V. D. Treadwell 
and S. Janett * made use of a commutating device to avoid the use of the 
telephone. 

3. APPLICATIOX OF CONDUCTOMETRIC TITRATIONS TO 
ACID-BASE REACTIONS 

In this paragraph a condcnsofl review of the application of conductometric 
titrations to acid-base reactions will be given. For details the reader is referred 
to a monograph of I. M. Kolthoff.^ 

Strong Acids with Strong Bases. — In 
the follow'ing graphs the ortlinate repre- 
sents the conductivity and the abscissa tin; 
volume of reagent added. In the titration 
of a strong acid with a strong ba.se (or vice 
versa) a sharp break in the conductivity 
occurs at the equivalence point. Theoret- 
ically the minimum .should not occur ex- 
actly at the equivalence point where pH 
is 7, but slightly at the alkaline side as the 
mobility of the hj'drogen ions is much 
larger than that of the hydroxyl ions. 

From a .simple differential equation it can 
be computed tfiat the minimum occurs 
at a hydroxyl ion concentration of 
1.4X10~b The difference between this 
and the neutral pfiint is so small that it cannot be determined experimentally. 

It is of interest to note that the shape of the condiielivity line is independent 

»T. Cftllan and S. Horrfdjln, .1. Sr,u. t hem. Ind.. 47, T320 (1938). Compam abo 
H. T. S. Britton, ''Uondurtomctric Analysis," D. Van Nwtrond Company, Inc., .'f*" 
York, 1934. 

• W, D. Treadwell and 8. Janett, Helv. ehim. act., 6, 734 (1023). , 

‘I, M. Kolthoff, Konduktometrische Titrationen," Dre^en, 1923, Verlag StcJ 
kopff. 
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of the dilution. Extremely dilute solutions of strong acids or strong bases, of 
the order of 0.0001 N, can be titrated with the same accuracy as more con- 
centrated solutions if care is taken to exclude carbon dioxide. 

On the whole, the application of the 
conductometric titration in this case has 
only practical significance when the solu- 
tion has a dark color so that the indi- 
cator method fails to give results. 

Intermediate Weak Acids and Bases. — ^ 

The shap^ of the neutralization curve 
depends upon the concentration and the ^ 
ionization constant of the acid or base, g 
By neutralization of the dissociated part ^ 
of the acid, the conductivity will drop 
and on account of the formation of its 
salt which behaves as a strong electrolyte, 
the conductance increases. The practical 
neutralization curve is obtained by ad- 
ding the figures of the “acid-depression 
curve” to those of the “salt line.” The more strongly the acid is ionized, 
the more its neutralization curve approaches that of a strong acid and the 
less it is ionized the more it behaves like an extremely weak acid; the latter 

case will be discussed later. 

Ill Fig. 344 the neutralization 
curves are given for the neutraliza- 
tion of 0.1 X, 0.001 X and 0.0001 N 
acetic acid, respectively. From the 
above it is evident that in many 
cases a flat minimum will occur in 
the neutralization curve. Its loca- • 
tion can be calculated from the 
ionization constant, the concentra- 
tion and the mobilities of the ions 
present in the system. The mini- 
mum itself lias no analytical signifi- 
cance though it may give us an 
indication of the magnitude of the 
ionization constant of an acid which 
may be of importance in unknown 
cases. If the acid is relatively 
highly ionized, the neutralization 
ABE — Neutralization Curve. line will give a curve up to the 

OFC ^ equivalence point and it is hard to 

AF^id i>pre.^.ion ('iirvc. fi'"l " ‘H' »'‘y tlegrec of accuracy the 

point of intersection of the neutrali- 
zation curve with the sodium hydroxhle line, tlie latter being the straight line 
found after addition of an exi’ess of base. • m 

Such a case occurs, for example, in the neutralization of 0.01 X salicylic acid 
is shown in Fig. 345. An analysis of the curve shows that the equivalence 




Fig. 344. 
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point is found at the point of intersection of the salt line and sodium hydroxide 
line. The former can be determined in an experimental way. Suppose 100 ml., 
0.01 N salicylic acid are titrated with 0.5 N sodium hydroxide so that the sodium 
hydroxide line can be drawn. In order to find the shape of the salt line a second 
determination is made in wliich 100 ml. of water instead of dilute acid is taken 
and successive amounts of 0.5 N sodium salicylate of exactly tlie same strength 
as the sodium hydroxide are added. From the latter data, the salt line can be 
constructed and the equivalence point can be found with an accuracy of at Ica^^t 
1 %. 

If the dissociation of the acid during the neutralization is less than in tlie 
above case, the last part of the neutralization curve before the equivalence 
point will be a straight line. Under these conditions, the j)oiiit of intersection 
can be found by a single titration. This is the case, if the ionization constant 
of the acid is smaller than about 5X10"^ in the titration of 0.1 X solutions, 
smaller than 5X 10“^ for 0.01 X" solutions and smaller than oX 10 for 0.001 X 
solutions. 

Very Weak Acids and Bases. — The initial conductivity is very small and 
during the neutralization, the conductivity increases according to the salt line. 
On account of the hydrolysis of the salt formed, the cx|x.Tiniental data near tlie 
equivalence point are higher than the corresponding j)oints on the salt and 
sodium hydroxide line; therefore, in the construction (jf the two lines, points 
should be taken at such a distance from the equivalence point that the hydrol- 



y.si3 is negligibly small and the p<)ints can then be combined to give straigl^t 
lines. If the acid is extremely weak (o.g. hydrogen p<Toxidc) the hydrolysi?^ is 
so large that the titration does not yield useful results. For the titration 
of 0.1 N solutions, the ionization constant should be larger than about 10 “b 
for 0.01 N solutions larger than 10'"*, for 0.00 1 X .solutions larger than 10''^- 
The«e figures have no exact significance; they only give the order of magnitude 
of the ionization constant at which useful results can still he obtained. 

From the above we see that the conductometric titration can be appli''<^ 
where the potentiometric or ordinary method docs not give satisfactory results. 
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In Fig. 346 neutralization curves of 0.1 N and 0.01 N boric acid with sodium 
hydroxide are given. Several applications can be made. Hydroxy benzenes 
like phenol and resorcinol can be titrated very nicely. A systematic study 
has shown that resorcinol and hydroquinol behave like dibasic acids, pyro- 
catechol on the other hand as a monobasic acid. The trivalent phenols 
pyrogallol and phlorglucinol behave like dibasic acids. The method has been 
applied to the titration of nitrophenols, phenolphthalein and other weak acids 
who.se salts are colored. Phenolphthalein in 50% alcohol behaves like- a 
dibasic acid, a break occurring after the neutralization of the carboxyl and 
phenol groups. The conductometric method should be very useful to organic 
chemists in cases where they want to know quantitatively the acid or basic 
cliaracter of a colored sub.stance. It can also be recommended for the deter- 
mination of the equivalent weight of amino acids and polypeptides and the acid 
or base combining power of proteins. A practical application of the method 
can be made in the determination of vanillin in vanillin sugar. The aromatic- 
substance is extractetl with alcohol and titrated as a monobasic acid. 

What has been said for very weak acids also holds for very weak bases. 
Aniline, hexamethylenetetramine and pyridine can be titrated accurately with 
hydrochloric acid. 

Neutralization of Weak Acids with Weak Bases.— Though in analytical 
work one always uses a strong acid or a strong base as a reagent, the above 
case has practical significance; e.g. when a pure ammonium salt of a weak acid 
has to he prci>ared or when a weak acid must be titrated in the presence of an 
ammonium salt or the .salt of another weak base. 

ligiire 34/ gives the titration lines of 0.1 X and 0.01 X acetic acid, respec- 
tively with ammonia. The neutralization curve up to the equivalence point is 



•'ibout the same as found with sodium hydroxide since both sodium and am- 
nionium acetate are strong electrolytes. After the equivalence point has been 
reached, an excess of ammonia leaves the conductivity practically unchanged 
the dissociation of the weak base is depressed by the presence of the am- 
monium salt. On account of the hydrolysis, the values near the equivalence 
point are somewhat lower than the corresponding points on the straight lines. 

the acid or ba.se to be titrated is extremely weak (e.g. boric acid with am- 
monia), no straight lines can be constructed on account of the strong hydrolysis. 
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Mixtures of a Strong and a Weak Acid. — Here again the conductometric 
method can be advantageously applied whereas the ordinary or potentiometric 
method does not yield satisfactory results. The above case is a combination 
of two which have been discussed before. First, the strong acid is neutralized 
and the conductivity drops following a straight line. Near the first equivalence 

point, the weaker acid will be neutral- 
ized and the conductivity will soon in- 
crease according to the salt line of the 
weak acuL In Fig, 348, the change in 
conductivity during the neutralization 
of a mixture of 10 ml. 0.01 N hydro- 
chloric acid, 10 ml. 0.01 N acetic acid 
and 10 ml. of water with 1 N sodium 
hydroxide is given. The case has practi- 
cal significance; e.g. for the determina- 
tion of traces of mineral acids in vinegar. 
Recently the author, in collaboration with 
Mr. T. Kamcda, has made another ajv 
plication for the determination of the 
purity of sulfonphtlialeiiis. The sulfonic 
group behaves as a strong acui and h 
first ncutralizcfl: after the first break, the 
conductivity increases and after neutrali- 
zation of the phenolic group, a second 
!;reak occurs. 

The application of the conductometric method to the titration of a mixture 
• of two weak acids with quite different ionizatitm constants (like acetic anrl 
boric acifi) does not have much practical significance, for a sharp break never 
occurs after the neutralization of the stronger aciri. The difTerence in mobility 
of the anion.s of the two acids determines the sharpness of the break and as this 
difTerence always i.s very small, the angle between the two salt lines will be very 
obtuse. Therefore, as a rule, the first e<|uivalcnco jxjint cannot be found with 
a high degree of accuracy. 

Replacement Titrations. — When a salt of a weak acid is titrated with a 
strong acid, the anton of the weak arid is replaced by that of the stronger one 
and the weak acid itself is liberated in tlie undissoriated form. Similarly, the 
addition of a strong base replaces the weak ba.se in a .salt of the latter. 

Many important applications of these replacement reaetimi-s can be made 
to conductometric titrations; especially those cases are imj)ortant which do not 
yield succes.sful results with the infticator of potentiometric metliod. 

If, for example, hydrochloric acid is adrlcd to a solution of sodium acetate, 
the acetate is replaced by the chloride ion. The conductivity increases slightly 
on account of the fact that X<,i- is a little greater than X^cputi!- After all the 
acetic acid ha.s be^en liberated, continued addition of hydrochloric acid gives 
rise to a strong increase in conductance. Fig. 349 gives the conductance lines 
in the titration of 0.01 N sodium acetate with N hydrochloric acid. On ac- 
count of the di.ssociation of the acetic acid, the experimental figures near the 
equivalence point are somewhat higher than the corresponding ones on tl»c 
straight lines. If the ionization constant of the liberated acid is smaller tliaii 
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about 5X10 0.01 N solutions of its salt can be titrated accurately. For 

0.1 N solutions, the constant may even be as large as 5X10-“*. Ethyl alcohol 
decreases the ionization of weak acids and in the presence of enough alcohol 
even salts of stronger acids than 
those indicated can be titrated. 

The method furnishes a simple 
means for the evaluation of salts 
of weak acids, such as acetates, 
benzoates, succinates, etc. Simi- 
larly, it can be applied to the 
determination of ammonia in am- 
monium salts by titration with 
sodium hydroxide. A rapid deter- 
mination of the ammonium content 
of fertilizers can be made in this 
way. 

In this review, a condensed 
summary has been given of the 
application of conductometric ti- 
trations to acid-base reactions. 

For details concerning the com- 
bination of different cases and specific ca.sea (carbon dioxide, phosphoric 
acid, alkaloids, phenols, salts of heavy metals, etc.) the reader is referred to the 
monograph of Kolthoff (l.c., p. 2328). 

From all that has been said, it may be inferred that the significance of 
conductometric titrations should be more generally recognized. They often 
furnish us information which could otherwise only be obtained by elaborate - 
work. 

4. APPLICATION OF CONDUCTOMETRIC TITRATIONS TO 

PRECIPITATION AND COMPLEX FORMATION ANALYSIS 

A reaction u.sually can be made the basis of a conductometric titration if 
the reaction product is a slightly soluble substance or a stable complex. The 
usefulness and accuracy are mainly de|)eiident upon the following facts; 

{(i) Errors in the determination of the coiuluctance data. 

(0 Solubility of t!m precipitate or stability of the complex. 

(c) Speed of formation of the i>rocipitate. 

(d) Constant composition (purity) of the precipitate. 

(u) The same error in the determination may affect the accuracy of the 
titration in different ways. This depends upon the acuteness of the angle 
between the precipitation line (line combining the conductance data during the 
precipitation) and the reagent line (line giving conductance data with excess of 
reagent). The more acute the angle is the more accurate the result. If the 
^ngle is very obtuse, a small error in tlie conductance data can cause a large 
deviation. Therefore, one always should endeavor to choose such experimental 
conditions that the angle is as acute as possible. The following rules should be 
borne in mind: (1) The smaller the mobility of the ion which replaces the react- 
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ing ion, the more accurate will be the result. If a silver salt is titrated with 
lithium chloride, the conductivity decreases during the precipitation and 
increases after the equivalence point. If hydrochloric acid were used as a 
reagent, the conductivity would increase from the beginning of the titration 
and the angle between the precipitation and reagent line would be very obtuse. 
Therefore, generally it is recommended to titrate cations with lithium salts 
and anions with acetates. (2) The larger the mobility of the anion of the 
reagent which reacts with tl)e cations to be determined (or vice versa) the more 
acute is the angle. For example, it is more advantageous to titrate silver salts 
with sodium chloride than sodium nitro prusside, as the mobility of the chloride 
ion is larger than that of the nitro prusside. (3) The titration of a slightly 
ionized salt does not give good results since the conductivity increases relatively 
much from the start of the determination, (4) A.s has been mentioned in tlie 
beginning of this chapter, the accuracy of a conductometric titration ah\ays 

suffers from the presence of elec- 
trolytes that do not take part in 
the reaction. 

(h) On account of the solu- 
bility of the precipitate, the ex- 
perimental figures near the equi- 
valence jxjint deviate from the 
straight line as i.s shown in Fig, 
350. A E D F C gives the 
ex|>erimental curve. If tlie .'solu- 
bility of the precipitate were 
negligibly small, the conductivity 
at the equivalence point would 
he equal to B G. By an excess 
of the ion which i.s precipitated 
or an excess of reagent, tlie .‘solu- 
bility is depressed and if the latter is not too large, it u.sually is i>ossihle to con- 
struct the precipitation anri reagent line by joining points on A E and F (\ 

It can he shown that O.l X solutions can .still l>e titraUxl if the soluldlity of 
the precipitate formed is less than about 0.(X).5 X (uni-univalent electndyte); 
for 0.01 X solution.s the soluldlity slioulcl be smaller than about O.OfXl.o X. 

(c) The formation of a rnicrocry.stalline precipitate is usually a time reac- 
tion. After addition of a .small amount of reagent, the conductance does not 
immediately become constant; one must xvait for some time. Seeding I lie 
solution with the precipitate itself has a favorable effect thougfi in the titration 
of very dilute .solutions even this does not overcome the difficulty, 
generally it is much letter to add enough alcohol to make its concentration 
about 30-40'^^, Tlie sixied of formation of the precipitate then becomes niiicli 
larger and furthermore another advantage i.s gained, the solubility of nio.4 
slightly soluble substances is materially reduced by alcohol. Of course, one 
should realize that on addition of alcohol U) a solution the temperature ri.^cs; 
therefore, Ixffore the titration i.s started, the mixture should be cooled to ro'iin 
temperature. 

(d) If the precipitate has strong adsorbent properties, the method dot s not 
yield successful results. for example, the titration of heavy metals witli 
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sodium sulfide or ferro cyanide cannot be recommended on account of the 
inconstant composition of the precipitate. If a microcrystalline precipitate 
like barium sulfate or calcium oxalate is formed, occlusion phenomena may play 
a part. Finally, it may be mentioned that under certain conditions, the surface 
conductance of the solid precipitate may affect the results. 

Many precipitation or complex reactions have been made the basis of a 
conductometric titration. A short summary of most satisfactory cases is 
given below. For details, the reader is referred to Kolthoff^s monograph 
(I.C., p- 2328). 

Silver nitrate as a reagent: chloride, bromide, iodide, cyanide, thiocyanate, 
chromate; molybdate,^ also iodide in presence of chloride in aininoniacal 
medium. 

Mercuric perchlorate as a reagent (complex formation): chloride, bromide, 
iodide, cyanide, thiocyanate, formate, acetate and its homologucs. 

Lead nitrate as a reagent: iodide, ferrocyanide, ferricyanate, sulfate, 
sulfite thiosulfate, pyrophosphate, oxalate, tartrate, succinate, benzoate. 

Baiium acetate (or barium chloride) as reagent: sulfate, chromate, car- 
bonate, pyrophosphate, oxalate, tartrate, citrate. 

Sodium perchlorate as reagent: potassium ‘ at 0®; it is not accurate, accord- 
ing to the writer’s experience. 

Lithium sulfate as reagent: barium, strontium calcium, lead. 

Sodium chromate as reagent: barium, lead, .silver. 

Lithium oxalate as reagent: silver, lead, copper, cadmium, nickel, cobalt, 
manganese, zinc, calcium, barium, strontium, inagiiG.-^ium and strong acids. 

Lead acetate as reagent: molybdate, tungstate.^ 

Bismuthylperchlorate a-s reagent: phosphate.^ 

The author expresses his appreciation to Mr. H. E. Howe, editor of Ind. 
Eng. Chern. for allowing him to use part of tlie original manuscript in the 
preparation of this cluipter. Part of this has been published in Ind. Eng. Chem 
Anal, Ed., 2, 22.5 (1930), and in a monograph entitled “The Colorimetric and 
Potontiometric Determination of pll. Electrometric Titrations, J. ’Wiley & 
Sons, Xew York, 1931. 


«(’. CamU-e and I, G. Murpilrscu, Hull, Soc. Chim., I^maiiia, 17, 103 (1935). 
“G- .lander and O. Pfuiidt, Z. anjil. ('hem., 71, 417 (1^27), 

** E. Rother and G. .lamler, Ang^'w. ('hem., * 

» J. Harms and G. Junder, Angew. C'hem., 49, lOh (193b}. 
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SAMPLING 


As in all analytical processes, the obtaining of a representative sample is of 
cardinal importance. It is done by the insertion of a tube into the duct or flue 
and the withdrawal of the gas into a container. Previous to this, the furnace, 
duct or setting must be thoroughly inspected for air leaks and tliese carefully 
stopped. This is all the more to be done if, as often happens, the boiler plant 
has been built on filled or “ made ” land. Finally the fact must not be lost 
sight of that the bricks themselves composing the setting are porous. The 
search for leaks is conducted using a lighted candle, and the places where the 
flame is sucked in are marked and plastered up: the joints in the cleanout doors 
are often corroded or rusty and no longer fit tightly. This is also true of the 
frames of the doors themselve.s in the brickwork. If the bricks and mortar of 
the setting leak, it should be given a thin coat of size and a couple of coats of 
thin whitewash to close the pore.s. Few ]>eople have any idea of this loss from 
air leakage, and by radiation of heat from the setting. .V case cited * in a 
western city in which the setting was covered with ashe.^^tos cement over which 
canvas was pasted and the whole heavily painted, showed a saving of 129c- 
If the sample be from a boiler it .should be taken a.s soon after leaving it 
practicable — not over the grate where the gases rnigld be dis.sociated, and not 
at the end of a long duct w'here they may have l>een air-diluted. Pends in the 
ducts should be avoided and a place chosen preferably four or five diameters uf 
the duct away from the bend, where the gase.s arc flowing smoothly. Tlie tube 
should be inserted to a distance of one-fourth to one-third the radius of the duct 


from the circumference. Multiple tube.s, tubes with varying sized hoic.s, are 
not to be recommended, as they are of doubtful ex|)ediency. Insertion is 
preferably made on the grate side of the dam^K^r, to avoid air leaks, by drilling a 
hole in the flue and fitting a screw'ed nipj)lo into the hole: the sampling tul)e i.s 
cemented into this nipple with Portlanrl cement in case of a fiermanent installa- 
tion. When the connection is temiiorary the hole may be puttied or made tight 
in any way — even with wet cotton waste. A similar hole is made for tlie 
thermometer. 


a. Tubes. — The best tube i.s of translucent quartz, about 14 i»t’h in internal 
diameter and .3 feet long: this will withstand any teinjxjrature or gas likely to be 
encountered in practice, Pyrex glass tube.s will probably be found suflicient 
for all practical purposes and may l>e used with temperatures up to 600° C. 
Uncooled metal tubes cannot be used above 250° a.s their oxides are reduced by 


hydrogen and carbon monoxide even at 200° according to the equation IcUj 
+3CO~2Fe-f-3COj, the sample wdll be defective and an utterly false idea 
obtained of the process by which it was prorlucerl. Dust and smoke can he 
removed by plugs of a-shestos, or if the temperature permits, rolls of iron wire 


gauze or steel wool. These must Ik* replaced when clogged. 


* Chapter by the late Augustus H. Gill. 

* lictrical World, 
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Pumps. — Any form of a mechanical pump may be used, of which the 
ordinary rubber syringe bulb is the simplest. In using this it should be remem- 
bered that the valves do not shut tight, and in sampling it may have to be shut 
off by a pinch-cock. Where a head of water, steam or compressed air is avail- 
able, the familiar Richards ^ jet pump (Figs. 351 and 352) may be employed. 
This operates on the principle of 
the boiler injector — small slugs or 
I pistons of water filling the jet and 
sucking in the gas after them. 

Where a fall rather than a head 
of water is available, the Bunsen 
pump (Fig. 353) is used. This con- 
sists of a inch T connected to the 
water reservoir and to 
a 12 ft. piece of 34 
inch rubber tubing b, 

I the stem of the T a 
being connected to the 
source of water. When 
the water flows it sucks 
the gas in after it 
through c: 12 ft. of 
tubing will usually be 
found sufficient, 34 ft. 
are needed for the high- 
c.'st vacuum. If none of 
the foregoing be avail- 
aV)lo, a pair of aspirator 
Fig. 352. bottles described fur- 
ther on may be used. 

c. Containers. — These should be of glass, or a 
metal whicli is unacted upon by the gases to be 
encountered. Rubber bags are unsuitable, for 
rubber is by no means the inert substance which 
we are in the habit of considering it. Rubber is 
oxidized or attacked hy various gases and allows 
the lighter gases to transfuse through it, and dis- 
solves the heavier hydrocarbons, as ethylene. Fig. 353. 

Acid gases like sulfur dioxide are dissolved per- cn 

ccptibly by passing through tlie usmd white laboratory ^ 

to 60% of zinc oxide, giving low results. In consequence of this 

nections exposed to gasp.s in all gas apparatus should e as s or ® P , " , ’ 

the glass tubes lieing butted together, leaving barely room 

The ends of oH glass tubes eormfcted hy rubber be fi c-roun c ^ etonners as 

sharp cutting edge of the glass tubing— -a prolific source o e 

well as rubber connectors. , , 

should be such as to allow the water m it to 



Fig. 351. 



The shape of the container buuim. -- 
wholly run out; a glass bulb, |iear-shapcd at the bottom (Fig. 3 ), 

•Am. J. Sci, (3), 8, 412 (1874). 


excellent. 
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If this cannot be had a separatory funnel may be employed. It is used by 
filling with water, attaching the sampling tube at i the pump opposite. Upon 
pumping, a stream of gas passes through the T 
from which a sample is taken by allowing the 
water to run out completely: h serves as an at- 
tachment for water in dispensing gas from i when 
in the laboratory. The tubing shown in the 
figure is of lead, which can be safely used for 
chimney gases after it becomes attacked by them. 
Its obvious advantage is found in the fact that 
it bends rather than breaks. 

A pair of aspirator bottles — Fig. 35.5 — .servini^ 
both as pump and container will be found u.seft:]. 
These are bottles or glass jugs, each fitted with 
a right-angled long tube going nearly to the bot- 
tom and a similar short tube ending just under 
the stopper. The long tube at its lower end car- 
ries a short piece of rubl^er tubing, extending to 
the wall of the bottle. This enables it to be corn- 
pleteU' emptied of water when tipped. The long 
tubes are connected by 4-6 feet of 34 Inch rul)lHT 
tubing with a screw pinchcock upon it. The short 
tube.s carry rubber connectors and pinclicocks 
completing the apparatus. Upon filling one 
bottle with water, preferably saturated with the 
gas, .setting it 3 to 4 feet higlier than tlie other 
and blowing into the short tube, water flow.s into 
the long rubber tube sucking air into 
the bottle after it. The stoppers can 
be wired in, taking the precaution to 
put a piece of stiff leather or metal over 
the top of the stop{)er: this prevent.s 
the rubber stopper from being drawn 
away from the gla.ss tubing which would 
give rise to leaks. Before using the 
bottle into which the sample is to be 
taken, it must naturally lx; completely 
full of water. These can be used for 
taking continuous .samples. 

For the collection and preservation 
of small samples, gla.ss tubes or bulbs 
holding about 100 ml., closed by extra 
well-fitting stopcocks or which can be 
sealed off, can advantageously be em~ 
ployed. 

As a confining liquifl, mercury should 
be used for results of the highest degree 
of accuracy — for our purpose it is a 
super-refinement. Tap water saturated 
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with the gas sought, is the next best, or tap water alone, or strong brine. In 
using the latter it should be remembered that it corrodes metal— pinchcocks, 
etc., and salt is hygroscopic. 

In this connection the fact should not be overlooked that water does not 
dissolve carbon dioxide instantly but that time and the surface exposed are 
important considerations. ^In dispensing chimney gas to classes from the 
sampling apparatus Fig. SoiT under a pressure of 4 to 6 ft. of water, the writer 
has repeatedly observed the fact that the last sample would often show more 
carbon dioxide than the first, even after 15 minutes standing. The converse 
of the proposition seems to hold true, as the writer has heated samples of water 
10*^ above the saturation point for 24 to 48 hours without the water giving up 

the excess oxygen. 

The foregoing procedure applies to sampling gases from a boiler or flue. 
To sample city gas, it should be allowed to burn until the old gas is certainly 
out of the piping, or it can be blown out into the outside air. 

MEASUREMENT AND EXAMINATION OF GASES 

Gases are analyzed in two ways — by absorption of a certain constituent, and 
noting the diminution either in the gas volume or the strength of the reagent 
used; and by combustion, where the constituents do not lend themselves to 
absorption. Tlie absorption of oxygen from the air by potassium pyrogallate 
is an example of the first method and the combustion of methane and subse- 
quent absorption of the carbon dioxide, of the second. 

The diminution in volume implies some method of measurement of gas 
volumes, which brings us to the consideration of meters. 

For the measurement «)f gas in large (piantities meters are used. Several 
typos of instrument are available fur this purpose. 



Moasuroinoiit 

Pprmis.fible 
^>k^city, Feet 
per Second 

Limit of 
Accuracy,* 

Ci 

\V('t nu't(T 

Volume 

(100 r.p.m.) 

0.5 

Dry meter — diaphragm tYjK' 


1.6-71 

±2.0 

Dry meter — (>>nnersville t>qK‘ 



Pitot tube 

Velofity 

WVight 

Above 8 

1 

Rotameter or Thorj) gauge 

I'liomas electric 

3 to 500 

0.5 

Orifice . 

W'looity 

Unlimited 

2.0 

Venturi tube 



1.0 

.Vnemomeler . . 


1 to 40 

1--5 


Of all these instruments, the wot meter and Thomas meter are probably the 
most accurate. They, liowevcr, like some of the others, cannot be used with 
corrosive gases, being constructed of inotai; hence the Pitot tube and rotameter 
are the ones to be employed in chemical works. 


* Technology Qtiarterlv, 5 , 2,50 (1S92), 

also Ind. Eng. (hem., Anal, Kd., 7, 37 (1935). 

® Taken partly from Marks’ “Mechanical Engineers’ Handbook. 
^ Said to be accurate. 
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The u'et meter consists of a cylindrical drum divided into four spiral com- 
partments, suspended in a bath of water, surrounded by a tight casing: the 
pressure of the gas causes the drum to rotate, emptying a drumful of gas into 
the casing and pipes. It must be set level, the water level carefully adjusted 
to the mark on the glass gauge, with its top open, as well as the inlet and outlet 
pipes of the meter. The higher the water level the faster the meter. The 
dry meter consists of a pair of metal bellows, witli sides of leather soaked in oil 
on either side of a diaphragm, and connected with slide valves so that a bel- 
lowsful of gas is alternately emptied into the upper part of the meter and piping. 
The -vibrations of the bellows produced by the gas pressure are transmitted to 
clockwork and indexes. It is to be noted that the indexes apparently read one- 
tenth of the actual volume passed: the index must make a complete circuit to 
register the amount stamped on the <.lial. A small index and dial are usually 
present for testing the meter, and a tolerance of 2% is allowed by law. This 
testing is done by meter-provers, carefully calibrated gas holders kept at 
constant temperature and the rate determined at different speeds. The meter- 
provers are, in their turn, calibrated by a cubic foot, standardized at the Bureau 
of Standards. It should be noted that all this calibration is corrected, not to 
standard conditions (0° C. and 7t>0 inm,), Inzt to the cubic foot as fixed by law — 
gas saturated with moisture at 00° F. and 30 inches.® 

The Connersville meter is the pump of that name, or Roots blower, in which 
the flow of gas operates the two figtirc 8 vanes connected with an index. 

The Pitot Tube. — Fig. 3ofi. Tliis ctmsists of two gla.ss tubes, /), of about }4 
to 1 inch infernal diameter, inserted in the gas stream: one is bent at right 

angles and is set so that it receives the 
impact of the gas movement; the other 
merely registers the pressure of the gas 
in the pi])e. The impact tube should 
have a straight portion parallel to the 
air flow, of a length about 10 time.s the 
internal diameter of the tube. The 
ofxjn end shoulri he fire polished.® The 
point of insertion of these lubes in the 
chimney or duct should l^e in a long 
straight run of plix*, so as to be as free 
from eddies as possible. The tube when 
Fio. inserted should be preceded by 10 to 20 

diameters of .straight duct or pi|>e and 
followed by about .5 diameters.* Davds says that aiitlwjrities differ as to 
w'hether the tubes should he a tliird or one-sixth of the fliarneter from the cir- 
cumference to show the mean speed: he states further that each flue or chimney 
is a separate problem and as a result of hundreds of measurements there seems 
to be “no settled proportionate distance corresponding to the mean velocity.” 

The glass tul>es are connected by rubizer tul>ing, C, through a reverser, 1^, 
with a U-tube A, w’hich is either set vertically, inclined 30°, or one in ten — this 

• ^ F. makes a differEmce of atzout 0.3% in the volume. 

* Marks' Handbook. 

“HandWk of Chemical Knginf*ering,” 1, 107: also for the tables for its use> 
Walker, L^wis and McAdams “Principles of Chemical Engineering" or 
Handbook. 




GAS ANALYSIS 


2341 


carries a vernier reading to hundredths of an inch so that readings to thou- 
sandths are feasible. The U-tube is filled with solutions of different specific 
gravity, although ether of 0,74 sp.gr. is the one commonly employed The 
difference between the arms of the U-tube represents the difference between the 
kinetic and static pressures of the gas in the flue or chimney. 

The formula for calculating the velocity recommended by W W Scott is 


U = 1290 


f I/Kl + .0U21760 
\ BM 


where A = vertical differential of gauge reading in terms of inches of water 
i the reading is taken as the actual reading is double that due to flow pressure 
alone. .P = barometric pressure of the gas in inches of mercury (29 92") 
= specific gravity compared with //-I. Air- 14.39. ^ = temperature of 
the gas. V - velocity m feet per second. The 
formula V' = 42\A gives fairly accurate results. — 

Davis’ formula is 


Vo - 


^J459-f^^ 

519 


X 28.55. 


Marks says of the Pitot tubes tliat they “ are the 
most satisfactory devices for the measurement of 
gas in large volumes." 

The Rotameter^ Fig. 357. — This is a German in- 
strument depending upon the height to which a float 
is carried in a glass tube by the velocity of the stream 
of gas. A modification of it wa.s used by some of 
the gas-lighting companies uiuler the name of the 
Thorp Gauge. 

It consists of a graduated glass tube fixed upon a 
tripod and provided with a plumb line .«o that it can 
be set vertically : gas passes in .at the lower end, raises 
the day or talc float to a certain height and passes 
out at the top. The height to which the float is 
raised is noted on the graduations of the tube. The 
formula for its use is 


r. = \' 


\ = volume gas as shown by reading of instru- 
ment, M its specific gravity =1.0, 

V = volume desirecl, A/i = sp.gr, (ff gas. 

It is made in all capacities from 0.2 cu. ft., per hour up. 

The Thomas Electric Gas Meter. — This depends upon the principle that if 
the specific heat of the gas be known, and an amount of energy be put into it, 
hy means of a coil, sufTiciciit to keep a certain difference of temperature between 
tHermometers, one before and one after the coil, this energy is a direct 
fneasure of the volume of gas flowing. Two electrical thermometers are placed 
in the stream of gaa with a heating coil between them: 2° difference of tempera- 
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ture is automatically maintained between tbe thermometers and the energy to 
preserve this difference of temperature (.0127 watt hour per standard unit of 
gas) is read off on the meter as cubic feet of gas. It is independent of tempera- 
ture or pressure changes in the gas, and is used up to gas pressures of 180 lbs. 
per square inch. This is used in a Western gas works measuring 200,000 ft. 
of gas per hour. 

The Orifice Meter." — In this the same principle is used as in measuring 
water, by detennining the diminution in pressure as 
registered on delicate gauges before ancl after the gas 
has passed througli a standard orifice, ft is largely 
used for measuring natural gas, the entrained sand 
in which enlarges the orifice. 

The Anemometer is used ordinarily for measuring 
currents of air leaving or entering a room, analogous 
to its employment in meteorology. 

The Gas Flow Meter. — This con.sists of a tube 
into which capillaries 6 of different sizes can he in- 
serted by a rubber stopi)er (one at a time). On eitlier 
side of the capillary is a T, the sterns of which are 
joined together, making a U-gaugc c. This, wlicn 
filled with water shows the difference in pressure of 
the gas before and after passing through the capil- 
laries. Tlie apparatus is calibrated by a wet or dry 
meter. It has a capacity of from 0,5 to 500 liters 
(0.0176 to 17.6 cu. ft.) per hour. See Fig. 

The Venturi Meter. — Fig. 359 is an apparatus consisting of a steeply conieal 
tube connected to one less steep, producing a constriction, which is inserted in 
the pipe line conveying the gas. From tlie pressures each side of the const ric- 


Bas How 
mefer 


Fig. 3 . 58 . 



tion and its size the quantity of gas passing can be determiner!. For Its us(‘ see 
Marks' “ Handbook ” or Walker, Lewis and McAdams, Principles of Chr iai- 
cal Engineering.” 

Measuremext of Gas in* Small Quantities. Gas Burettes 

Here may be mentioned the Hem pel gas burette, made for accurate work 
with a compensation tul>e; the bullied Orsat or Buntc burette; the .separatory 

“See in this connection '‘Measurement of Gas and Fiquid.s by Orifice Mjtcr, 
Westcott and Diehl, Metric Metal Work.s, Eric, Pa. Publishers. Also Bureau of Stnnd- 
ards. Circular No. .309 (1926), "Gas Measuring Instniments.” 

“Benton, Ind. Eng. Chem 11, 623 (1910). Also article by Dodge. "Measure- 
ment of Gases and Vapors,” Ind. Eng. Chem., 24 , 361 (1932). 
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funnel and graduate. Fuwa and Shattuck measure quantities of 30-200 ml 
per minute by bubbling through water or dilute sulfuric acid 

The Hampel Gas Burette, Fig. 366, consists of a 100-ml. burette graduated 
in fifths of a cubic centimeter, provided with a short capillary at the top and 
dosed with a rubber connector and pinchcock, and a wider tube at the bottom 
over which a 3/lG-in. rubber tube is drawn, which connects it with the leveling 
tube of similar size and length to tlie burette. It is manipulated by filling the 
leveling tube completely with water, opening the pinchcock on the top of the 
burette and filling it with water. The gas to be analyzed is sucked in and 
measured as with the Orsat apparatus, Fig. 364. Both burettes must be 
calibrated as is customary in volumetric analysis, and the water saturated with 
tlie gas to be analyzed. _ The water may be acidified and a few drops of an 
indicator added to turn it pink; this shows if any alkali accidentally runs over 
into the burette. 

Separatory Funnel and Graduate, Fig. 372.— From the water which has 
flowed out, the quantity of gas can be determined. 

Standards of Measurement —The unit volume of gas for scientific purposes 
is measured dry at 0 C, and /60 min. pressure; the legal or industrial cubic 
foot in English speaking countries is measured saturated with water vapor, at 
60'^ F. and 30 inches barometric pressure. The gas is therefore actually under 
a pressure equal to the height of the barometer diminished by the tension of 
aqueous vapor (in inches) at the temperature at which the gas is confined: 
this is given in Table 2 of the Appendix. 

In ordinary gas analysis, it is unusual to correct a gas volume, as barometric 
changes during the analysis are negligible, and the laboratory temperature is 
coninionly kept very constant. In ca.se corrections are necessary, we correct 
first for pressure (Law of Boyle, V : V' :: P* : P): the height of the barometer is 
read, its temperature taken, and its height in millimeters reduced to 0° C. = B. 
Tlic ten.sion of aqueous vapfu' at the temperature at which the volume of the 
gas is roatl is detonnined from tables, Table 2 , — Aq and is deducted from the 
barometric height: in case the gas be under pressure M, as of a pipe line, this 
IS changed to millimeters of mercury, and added to these figures. The formula 

lo=r(„iis.)X Fo being the corrected and l^oba.) the observed 

i GU 

volume. 

C'orrecting next for temperature (Law of Charles V : V' :: T \ T') the for- 
mula is To : r(ob».> :: To : T being in absolute degrees 


273 




1 


4-0.003()7 r C. ’ 


then the formula becomes To = qo307 T° C ' 

Tables giving factors for 1-f 0.00367 T® C. for a wide range of temperature 
to be found in the ordinary “ Handbooks of Chemistry and Physics.’^ 

- Ind. Eng. Chem 15 2;i0 (1623). See also Page, Constant Flow Orifice Meters,” 
Eng. Chom., Anal, lOd. 7, 355 (1935). 
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For reduction to conditions prevailing in the gas industry, Industrial 
Standard Conditions,’’ i.e., 30 inches, saturated with water, at dO® F., the 
formula is 


Fo — V (obs.) X 


520’’F. 

30'’--0.5r'^460 + r° F.‘ 


Aq and M are in inches of mercury; 0.51 inch is the tension of aqueous vapor 
at 60° F. In practice this reduction is obtained from Table 9 (Appendix). 

Specific Gravity. — The specific gravity of a gas is usually referred to air as 
unity: it can be readily calculated by dividing the molecular weight of the gas 
by 28.95, the weight in grams of 22.4 liters of air (22.4 liters will be remembereil 
as the gram-molecular volume). 

Specific gravity can be directly determined by Jenkins’ apparatus, p, 2397, or 
the Edwards gas balance. 

This depends upon an indirect weighing of the gases. The apparatus 
consists of a closed vessel counterpoised in a water-jacketed cylinder of the gas; 
this is connected with a mercury gauge. Dry air is passed into the cylinder 
and pressure applied to it until the vessel just balances at a predetermined 
point and the gauge reading noted. The operation is repeated with the gas 
to be tested. The densities of the gases must be the same at these pressures; 
or the densities of the two gases at normal pressure are in the inverse ratio of 
the pressures, when of equal buoyant force. Results accurate to 0.2% .are 
obtained and no calibration is retiuired. It has given trouble at times owing 
apparently to leaks in the “ closed vessel mentioned. 

With the effusion method results are dependent upon the orifice used, the 
pressure and the confining medium. They may vary as much as 10% with 
different observers. The orifice should be 0.18-0.3 mm. in diameter in a plate 
0.04 mm. or less thick: the pressure should not be allowed to fall below 2 inches 
of water: results to an accuracy of 2% may be expected. 


Absokption Apparatus, Tubes and Pipettes 

These are quite varied according to the purpose for which they arc intended. 
A very efficient form is the Friedrichs Spiral Gas Washing bottle. Fig. 3f30: here 
the gas has to pa.ss through a long .spiral path. Dennis recommends this for 
the absorption of sulfur dioxide. The gas is run through a solution until a 
color change takes place. Were the reagent to l>c washed out and titrated it 
would not seem so well adapted on account of the difficulty of thorouglilv 
washing it. 

The Varrentrapp and Will bulbs, Fig. 361, the use of which is evident from 
the figure, are u.sed for the absorption of ammonia in illuminating gas. The 
Wolff absorption tube, f'ig. 362, the empty arm of which is filled with fjeads f>r 
broken glass, is ujw.d for the absorption of carbon monoxide by blood. 
bull)€d tube, provided with a small jet, is generally used for containing standard 
solutions of acid, alkali, or potassium permanganate or, in general, a snlutinn 
which is to be titrated after BV)sorption. Where the presence of a gas a.«, fer 
example, water vapor is to be determined by the increase of weight of the 
reagent used, Winkler’s spiral, Fig. 363,** may be employed. 

» Ind. Eng. Chem., 9, 790 (1917). Bur. 8tds. Tecbn. BuU. No. M. 

“ ImpTovemcnte by Warren, C. A., 30, 2425. 
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Pipettes.— Particularly for the Orsat Apparatus, Fig. 364. These are 
ordinarily filled with glass tubes, but various modifications have been proposed: 
these are the bubbling type of Hankus, the spiral bubbling variety of Kowicki- 
Heinz and a combination of the Friedrichs wash bottle proposed by Dennis. 
All these suffer from the very serious disadvantage of a glass three-way stop- 
cock at the top, which it is practically impossible to prevent from sticking, 
unless the apparatus be used by one person and that one exceptionally careful 
ami painstaking. Dennis has showm that one variety is no more rapid than 
the original and some of the others but little more so. When it is further 
considered that they cost four times as much, their use would seem of doubtful 
expediency. 

It is interesting to note further that Anderson has showm that with the 
modified potassium pyrogallate wiiich he uses, the original Orsat slightly 
modified, to allow the precipitate to settle, is the best. Francis of the U. S. 
Steel Corporation laboratory has devised a bubbling pipette with automatic 
valve, wiiich is very effective: Shepherd of the Bureau of Standards has also 
devised a bubbling j>i|x^tte in which the gas is delivered into the reagent through 
a fine platinum sieve making a quantity of fine bubbles. It w^ould seem likely 
tiiat the holes in the platinum miglit I'^ecomc clogged by the standing of the 
reagent. Both of these arc very expensive. 


Examin'atiox of the Gases 

The qualitative examination of a gaseous mixture is rarely resorted to in 
technical work: a sufficiently close idea of the gases present can be obtained by 
a consideration of the reactions involved in the various operations. It is, 
however, not safe to rely upon tliis in matters of importance, as conditions may 
change: for example if the gases be dry or dilute, hydrogen sulfide and sulfurous 
anhydride can exist together. Similarly in sewage gases, the gas absorbed by 
cuprous chloride is probably not wholly carbon monoxide but higher paraffin 
Jjydrocarbons. The means of identifying the different gases will be found under 
each gas. 

Called “Winkler’s Bulbs” in the apparatus catalogs. 

” Ind. Eng. Chem., 8, 131*^ (1916). 
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Gases are sometimes tested by burning them and investigating the products 
of combustion. Often the gas refuses to burn, as in the case of wood gas, as it 
contains so much incombustible gas (30% C02) : this is removed with caustic 
alkali and the burning test repeated. In performing this test, particularly with 
electrolytic gases, it must be remembered that they may contain enough oxygen 
or chlorine to support their own combustion like “ detonating gas."' A glass 
tube 18 inches long well packed with glass beads, broken glass or porcelain must 
always be inserted between the gas holder and the jet: this will extinguish the 
flame of the gas wave, should it start, after the manner of the gauze \\\ the Davy 
safety lamp, and prevent flame from reaching the explosive mixture in the gas 
holder with serious results. Sufficient pressure should of course be maintained 
on the holder itself. 

Detection" and Determination of the Various Gases 

Clemens Winkler divided the gases into seven groups according to their 
behavior with various solvents. These were contained in suitable absorption 
tubes or vessels and the gases passed through them. His scheme was as 
follows: 

Gases absorbed by 

I. H.SO, 1.7sp,gr.; XHa, 

II. KOH 1.3 sp.gr.; Cb, lU'l, (CX)^, HCX, SO 2 , IDS, SiF^, CO^. 

III. AgXOj; PIL, .AsIL, Sblla. 

IV. Pyrogallol; 0-:, (O 3 ). 

V. Cud; CO. 

VI. Acid FeSO« 1:2; XO. 

VH, Unabsorl>ed; H,, CIL, C 2 H 2 . CjH,, X.O, X., COS, and the noble gases. 

The following tables give the specific gravity referred to air, the solubility in 
water at 20®, the qualitative tests and quantitative methods of <leterinination 
of these gases: additional mean.s will be found mentioned under the several 
gases themselves. 

Group I 

Oases .Vbsorbkd by IIjSfL 1.7 hp.or. 


Name 

Ammonia 

Xitnai.s anhydride 

Nitnigen t<'troxj<lo 

Gravity, air = 1 

0.O97I 

l.o90(5 

Q^ialitativc tests . . 

Fumes w. HCI on a 

Acts like a mixture 

Absorb in KoH, tc!>t 

nxl, Nessler’s rea- 
gent 

of SO and NOj 

for nitrites 

Quantitative det'n, . 

Sofubdity 20 " C, 1 
ml. water al>BorbH 

.\bfs»rptif)n in stand- 
ard acid. Or :iNaHrO 
-i- 2 NTG=«N, 
-h:j.\aBr-f3]I,0. 
Oral)florption in wa- 
tirr and Xeasleriza- 
tion 


AbM)ri>tion in N/hl 
KMn04 2KMn()i 

+ 2 H 2 O = 10 llN<b 
-(-KpSO«+2Mn- 
.SO 4 . Or in stand- 
ard alkali 

ml 

702 


Forms HXO,, 


‘•*'Die Industrie Ga«;," IS70 1H70, 

Sulfuric acid of this strength dissolves appreciable quantitice of propane, pro[x nr, 
butane and butene. 
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Group n 

Gabes Absorbed by KOH 1.3 sp.qr. 


Xume 

(Jravity, air = I 
Qualitative test 


Quantitative det’n. . . 

Solubility 20® C., 1 
ml- water absorbs 

ml 


Hydrocyanic acid 
0.93o9 

Absorption in KOI! 
and i‘'eS 04 and 
FeCl2 = Pnissian 
blue. Absorp- 
tion w. KOH or 
acid AgXO, 

Ven' sol. 


Chlorine 

Hydrochloric acid 

2.4494 

1.268 

KI starch pap)er 

Fumes w. NHa 

2KI+Cl2 = 2KCl-f-l2. 

Absorption in 

Or absorption w 

standard alkali or 

KOH 

silver nitrate 

2.29 

444 


Cyanogen 

1,7968 

Pass through mix- 
ture of FeS04l ;10 
H-KOH 1 : 3, and 
ppt. as Prussian 
blue w. ferric alum 
and H2S04 


4.5 


Sulfur dioxide 

Hydrogen sul- 
fide 

Silicon fluo- 
ride 

2 224 

1.1769 

3.60 

Fuchsino pa^XT 

PbAe 2 paper, 

None. 

bleacli(‘d or 

ab.‘;nrption by 

3SiF4+4H20 

KIOj .'^tarch 

I solution. 

= Si04H4 

paper. SO-, 

+ 21 + 211.0 
= H^S04 + 2IH 

HjS + 2I 
-2HI+S 

+2H2SiF8 

39.3 

2.90 

Decomposed 


Carbon di- 
oxide 
1.5290 
Ba02H2 on 
black rod. 
Absorption 
w. KOH or 
Ba02n2 and 
titration 
0.874 


Group m 

Gases Ab.sohbed by AgXOi 


Xamc 

Gravity, nir = 1 , . . . 
Qualitative test. . . , 


Quantitative dot’n . 


Nubility 20® C., 1 
^ul. water absorbs 
ml 


Hydrogen phosphide, 
phi'sphino 

1.1 S29 

Neutral H:0 solution 
Kl-f Hgl5=*cryst. 
orange vel. jipt. 
PHg,I,« 

Pass through Hr wa- 
ter and ppt. HiI *04 
as usual 


0.02 


Hydrogen arsenide, 
arsine 
2.695 

Blk. ppt. of AsAgi 
w. /VgNO, 


Absorb w. NaClO 
coni. 3<:c Cl “ 


About 5 


Hydrogen autimo- 
nide, stibine 
4.360 

Blk. ppt. of SbAgi 
w. AgNOj 


Decompose w, tar- 
taric acid and det. 
Sb 


Slight 


Oaaholcuchtung, 43, 969 (1900). 

' Rhodes, J. Ind. Kng. Chem., 4 , 6.52 (1912). 
if Compt. rend., 139, 47S (1904). 
Rccklcben, Z. aogew. Chem., 19, 275 (1906). 
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Group IV Group V Group VI 


.Absorbed by potassium pj-rogallate 


Absorbed by 
cuprous 
chlorUio 

Absorbed by FeSO, 

1 : 2 acidulated w 
H:SOi 

Name 

Oxj’gen 

Ozone 

Carbon mon- 
oxide 

Nitric oxide 

Gravity, air = l. . 

1.1052 1 

1.624 

0.9671 

1.0367 

Qualitative test . 

Darkening of 

MnCU paper; 

Absorb in blood, 

Oxidize, absorb in 


light brown 

KI starch pa- 

and examine 

KOH and test 


*‘pyro” 

per, N 204 and 
H 2 O 2 being re- ^ 
moved by 
KMnO, 

w, spectro- 
scope 

for pitrites 

Quantitative 





det'n 

By '“Fyro.^' 
CuCl in ab- 
sence of CO 


Absorption w. 
CuCl 

' Absorb in FeSOi 
1 : 2 acidulated 
w. H 2 S 04 orw ith 
KMnO* as N 2 O 4 

Solubility 20° C., 
1 ml. w^ater ab- 




sorbs ml 

0.0317 

0.6 at 0 ° 

0.0231 

0.470 


Group Vn 
Unabsoi^eu 


Name 

Hydrogen 

Methane 

Ethylene 

(ethene) 

Acetylene 

(ethine) 

Gravity, air = 1 

0.0694 

0.5545 

0.9684 

0.9056 

Qualitative test 

Dry FdCU gives 
HCl 

None 


Red ppt. w. 
am. CuCl 
(explosive!) 

Quantitative det’n . . . 

By combustion 

By combustion 

.\bsorption w. 

AsC 2 H 4 , which 

Solubility 20* C., 1 ml. 

or ex'plosion 

W. O 2 

or explosion 
w. Oj 

Br water or 
H 2 S 2 O 7 

see 

water ab.sorb.s ml. . . 

0.0183 

0.0330 

0.122 

1.03 


Nitrous oxide 
1.5301 


Carbon oxyaulfide 
2.075 


Nitrogen 

0.9673 


The noble gases 
Helium, Neon, 
Argon, Krypton, 
Xenon 


None 

By explosion with H 2 
or combustion w. 
CuO 


None 

Alcoholic KOH 
1 ; 3 in 66 % al- 
chol by weight 


None 

By absorption or com- 
bustion of all other 
gases and measuring 
the rc-sidue which 
also contains the no- 


0.670 


0.568 


ble gases 
.0159 


Notes. Croup I : NaflK) i.s made by saturating a 10% wdution of caustic wnla witli 
bromine. 

Group II : Clilorine can bf; removed from hydrochloric acid by passing the gnws 
finely powderfrd antimony: hydrochhiric acid can be removed from chlorine by mean.s of 
manganese dioxide or zinc oxide. 

Cyanogen i.s not al>S')rl>ed by acid silver nitrate solution, from which it can i^cpa- 
rated by draw'ing air through it: hydrocyanic acid is precipitated under these conditions- 
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The analysis of a gaseous mixture is effected by absorbing the various 
constituents and observing the diminution in volume; in case the gas be un- 
absorbable, as for example methane (CH 4 ), it is burned and the carbon dioxide 
and water determined. 

(a) Analysis of mixtures for carbon dioxide, oxygen and carbon monoxide 
(e.g., chimney gases, producer and blast furnace gas) can be done with any of 
the apparatus to be described. The Orsat, or Elliott are the forms usually 
employed;* 

(b) Analysis of mixtures as in (a) and also containing combustible gases as 
hydrogen and methane, e.g., city gas. 

The Orsat Apparatus. Description. — The apparatus, Fig. 364, is enclosed 
in a case to permit of transportation from place to place; furthermore, the 
measuring tube is jacketed with water 
to prevent changes of temperature 
affecting the gas volume. The appa- 
ratus consists essentially of the level- 
ing bottle A, the burette 5, the pipettes 
F, P"'j and the connecting tube 
T. Pipette P* is filled with potassium 
(or sodium) hydroxide solution (see 
Reagents) so that when it is drawn 
up into the front arm about half an 
inch in depth is left in the rear arm. 

Pipettes and P'*' are similarly filled 
with potassium (or sodium) pyrogal- 
late and cuprous chloride solutions 
respectively. These reagents require 
to be protected from the oxygen of the 
air by collapsible rubber bags of good 
quality. As the oxygen in the air over 
the reagent is absorbed, a diminution 
in pressure takes place rendering it 
difficult to bring the reagent to the 
point on the stem: the obvious remedy 
is to remove the bag temporarily and 
adjust the reagent. \Vhcn the apparatus is first set up, one or two blank 
analyses should be U'lade, to saturate the water and reagents with the gases. 
For example the ]X)tassiain hydroxide absorbs carbon dioxide, it also absorbs 
about 3 ml. of ox v go 11 , 2 ml. of carbon monoxide and 1.5 ml. of nitrogen, by 
virtue of the 100 inh of water which it contains. A change of temperature of 
F makes a change of 0.36 of the volume of the gas: a change of pressure of 1 mm. 
produces 0.13 change in the volume. 

Manipulation. — The reagents in the pipettes should be adjusted in the capil- 
lary tubes to a point on tlie stem about midway between the top of the pipette 



« The apparatiis shown is one of the simplest and least expensive forms: it has proved 
ihsetr well adapUsi for orciusional use. Hayes has constructed it m a very attractive and 
Compact form in metal. 
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and the rubber connector. This is effected by opening wide the pinchcock 
upon the connector, the bottle being on the table, and very gradually lowering 
the bottle until the reagent is brought to the point above indicated. Six 
inches of the tubing used correspond to but 0.1 ml., so that an error of half an 
inch in adjustment of the reagent is without influence upon the accuracy of 
the result. The reagents having been thus adjusted, the burette and connect- 
ing tube are completely filled with water by opening d and raising the leveling 
bottle. The apparatus is now ready to receive a sample of gas (or air for 
practice). In case a flue-gas is to be analyzed d is connected with t, Fig. 354, 
A lowered and about 102 ml. of the gas forced over by opening h;of d may be 
connected with a T-joint in the gas stream; the burette after filling is allowed 
to drain one minute by the sand glass, c snapped upon its rubber tube, and the 
bottle A raised to the top of the apparatus. By gradually opening c the water 
is allowed to run into the burette until the lower meniscus stands upon the 
100 or 0 mark (according to the graduation of the apparatus). The gas taken 
is thus compressed into the space occupied by 100 ml. and by opening d the 
excess escapes. Open c and bring the level of the water in the bottle to the same 
level as the water in the burette and take the reading, which should be 100 ml. 
Special attention is called to this method of reading: if the bottle be raised, the 
gas is compressed; if lowered, it is expanded. 

Determination of Carbon Dioxide. — The gas to be analyzed is invariably 
passed first into pipette P\ containing potassium hydroxide for the absorption 
of carbon dioxide, by opening e and raising A. The gas displaces the reagent 
in the front part of the pipette, laying bare the tubes contained in it, which 
being covered with the reagent present a large absorptive surface to the gas; 
the reagent moves into the rear arm of the pipette, displacing the air over it into 
the flexible rubber bag which prevents its diffusion into the air. The gas is 
forced in and out of the pipette by raising and lowering Aj the reagent finally 
brought approximately to it.s initial point on the stem of the pipette, the burette 
allowed to drain one minute and the reading taken. The difference between 
this and the initial reading represents the milliliters of carbon dioxide present 
in the gas. To be certain that all the carbon dioxide is removed, the gas should 
be pas.sed a .second time into P' and the reading taken as before; these readings 
should agree within 0.1%, and are called check readings.^' 

Determination of Oxygen, — The residue from the absorption of carbon 
dioxide is pa.sBed into the second pipette, P", containing an alkaline solution of 
potassium pyrogallatc, until no further absorption will take place. The dif- 
ference betw'een the reading obtained and that after the absorption of carbon 
dioxide, represents the number of milliliters of oxygen present. 

Determination of Carbon Monoxide, — The residue from the absorption of 
oxygen is pas.sed into the third pipette, P''\ containing cuprous chloride, until 
no further absorption take.s place; that is, in this case until readings agreeing 
exactly (not merely to 0.1) are obtained. The difference l>etween the reading 
thus obtained and that after the absorption of oxygen, represents the number 
of milliliters of carbon monoxide present. 

Determination of Hydrocarbons. — The residue left after all absorptions have 
been made may consist, in additon to nitrogen, the principal constituent, of 
hydrocarbons and hydrogen: sec p. 2356. 
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Accuracy —The apparatus gives results accurate to 0.2 of 1%, hence figures 
obtained by division to 0.01 should not be reported. 

Time Reqi^ed. — About twenty minutes are required for an analysis; two 
may be made in twenty-five minutes, using two apparatus. 

Notes.— T he method of adjusting the reagents is the only one which has been found 
satisfactory: if the bottle be placed at a lower level and an attempt made to shut the 
pinchcock c upon the connector at the proper time, it will almost invariably result in 
failure. 

The process of obtaining 100 ml. of gas is exactly analogous to filling a measure 
heaping fulPof gram and striking on the excess with a straight edge; it saves arithmetical 
work, as milliliters read off represent per cent directly. 

It often happens w'hen e is opened, c being closed, that the 
reagent P' drops, due not to a leak, a.s is usually supposed, but to 
the weight of the colunrn of the reagent expanding the gas. 

The object of the rubber bags is to prevent the access of air to 
the reagents, those in P" and P'"' absorbing oxygen with great 
avidity, and hence if freely exposed to the air would soon be 
come useless. These bags if well made will last two years and 
amply protect the solution; or a “sealing pipette'' can be used 
for the pyro. 

Carbon dioxide is alw'ays the first gas to be removed from a 
gaseous mixture. In the case of air the percentage present is so 
small^ 0.08 to 0.1, as scarcely to be seen wath this apparatus. It 
is important to use the reagents in the order given; if by mistake 
the gas be passed into the second pipette, it will absorb not only 
oxygen, for which it is intended, but also carbon dioxide; similarly 
if the gas be passed into the third pipette, it will absorb not only 
carbonic oxide, but also oxygen as well. 

The use of pinchcocks and rubber tubes, original with the 
author, although recommended by Naef, is considered by Fis- 
cher to be inaccurate. The experience of the author, how'ever, 
does not support this assertion, as they have been found to be fully 
as accurate as glass stopcocks, and very much loss troublesome 
and expensive. 

In case any potassium hydroxide or pyrogallate be sucked 
over into the tube T or water in A, the analysis is not spoiled, 
but may be proceeded w-ith by connecting on water at d, opening 
this cock, and allowing the w'atcr to wash tfio tubes out thoroughly. 

The addition of a little hydrochloric acid to the water in the bottle 
A will neutralize the hydroxide or pyrogallate, and the washing 
may be postponed until convenient: Methyl orange indicator 
may be added to be sure the w’ater is acid. 

After each analysis the number of milliliters of oxygen and 
carbonic oxide should be set dow n upon the ground-glass slip pro- 
vided for the purpose. By adding these numbers and subtracting 
their sum from the absorption capacity (see Ileagents) of each 
reagent, the condition of the apparatus is known at any time, 
and the reagent can be renewed in season to prevent incorrect 
analyses. 

Elliott Apparatus. Description. — The apparatus, Fig. 

365, consists of a burette holding 100 ml. graduated in 3 Q 5 ^ 

tenths of a milliliter and bulbed like the Bunte appara- 
tus— the bulb holding about 30 ml. ; it is connected with a leveling bottle similar 
to the Orsat apparatus. The top of the burette ends in a capillary stopcock, the 
stem of which is ground square to admit of close connection with the ‘‘ labora- 

” The simplest form is hero shown as being best adapted for teaching purposes. 
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tory vessel/’ an ungraduated tube similar to the burette, except of 125 ml, 
capacity. The top of this “ vessel ” is also closed with a capillary stopcock 
carrying by a ground-glass joint, or better a rubber stopper, a thistle-tube F 
for the introduction of the reagents. The lower end of this vessel ” is closed 
by a rubber stopper carrying a three-way cock o, and connected with a leveling 
bottle D. The burette and vessel are held upon a block of wood — supported 
by a ring stand — by fine copper wire tightened by violin keys. 

Manipulation. — The ground-glass joints are lubricated with stopcock grease. 
The leveling bottles are filled with water, the stopcocks opened, and /die bottles 
raised until the water flows through the stopcocks ni and n. m is connected 
with the source whence the gas to be analyzed is to be taken, n is closed, D 
lowered and rather more than 100 ml. drawn in, and m closed, n is opened, 
D raised and E lowered, nearly 100 ml. of gas introduced, and n closed; by 
opening m and raising D the remainder of the gas is allowed to escape, the 
tubes being filled with water and m closed, n is opened and the water brought 
to the reference mark; the burette is allowed to drain one minute, the level of 
the water in is brought to the same level as in the burette, and the reading 
taken. 

Determination of Carbon Dioxide. — By raising E, opening t?, and lowering 
D, the gas is passed over into the laboratory vessel; F is filled withiji half an 
inch of the top with potassium hydroxide, o closed, m opened, and the reagent 
allowed slowly to trickle in. A Xo, 3 evaporating dish is placed under o, and 
this turned to allow the liquid in the laboratory vessel to run into the dish. 
At first this is mainly water, and may be thrown away; later it becomes diluted 
reagent and may be returned to the thistle-tube. When the depth of the 
reagent in the thistle-tube has lowered to half an inch, it should be refilled either 
with fresh or the diluted reagent and allowed to run in until the absorption is 
judged to be complete, and the gas passed back into the burette for measure- 
ment. To this end close o and then m, raise open n, and force some pure 
water into the laboratory vessel, thus rinsing out the capillary tube. Now raise 
D and lower E^ shutting n when the liquid has arrived at the reference mark. 
The burette is allowed to drain a minute, the level of the water in the bottle E 
brought to the same level as the water in the burette, and the reading taken. 

Determination of Oxygen. — The manipulation is the same as in the pre- 
ceding determination, pota.ssium pyrogallate being substituted for potassium 
hydroxide; the apparatus requiring no washing out. 

Determination of Carbon Monoxide. — The laboratory vessel, thistle-tube, 
and bottle if necessary, are washed free from pota.ssium pyrogallate and the ab- 
sorption made with acid cuprous chloride similarly to the determination of 
carbon dioxide. The white precipitate of cuprous chloride may be dissolved by 
hydrochloric acid. 

Accuracy and Time Required. — The apparatu.s is as accurate for absorptions 
as that of Orsat; it is stated to be much more rapid — a claim which the writer 
cannot substantiate. It is not as portable, is more fragile, and more trouble- 
some to manipulate, and as the burette is not jacketed, it is liable to be affected 
by changes of temperature. 

Notes. — In case at any time it is desired to stop the influx of reagent, o should be 
closed first and then m; the reason being that the ab^rptioo may be so rqpid as to suck 
^ in through o, m being closed. 
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The stopcock should be so adjusted as to cause the reagent to spread itself as com- 
pletely as possible over the sides of the burette. 

^ By the addition of an explosion tube it is used for the analysis of city gas,®* bromino 
being used to absorb the *Tlluminants,” Winkler states that this absorption is incom- 
plete; later work by Treadwell and Stokes, and also Korbuly,^® has shown that bromine 
water, by a purely physical solution, does absorb the “illuminants’’ completely; Hempel 
states that explosions of hydrocarbons made over water are inaccurate, so that the 
apparatus can be depended upon to ^ve results upon methane and hydrogen only within 
about 2%. It is, however, very rapid, a complete analysis of city gas can be made with 
it in fifty-five minutes. 

Hemptfl^s Apparatus. Description. — The apparatus,^ Figs. 366 and 367, 
is very similar in principle to that of Orsat; the burette is longer, admitting of 




Fig, 366. 


the reading of small quantities of gas and the pipettes are separate and mounted 
in brass clamps on iron stands. P shows a “ simple ” pipette provided with 
a rubber bag; this form, after forty years of use, can be said satisfactorily to 
take the place of the cumbersome “ compound ” pipette. 

^ Mackintosh, Am. Chem. Jour., 9, 294 (1887), 

”Zeit. Anal. Chem., 28, 286 (1889). , 

Treadwell-Hail*B "Quantitative Analysis, p. 569. 

” “Gasanalytische Methoden " p. 102. 

The simplest forms are here shown. 

« Gill. Am. Chem. J., 14, 231 (1892). 
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The pipette for fuming sulfuric acid is shown at F, and differs from the 
ordinary in that vertical tubes after the manner of those in the Orsat pipettes 
replace the usual glass beads. This prevents the trapping of any gas by the 
filling, which was so common with the beads and glass wool. E represents the 
large explosion pipette,^ of about 250-ml. capacity, with walls half an inch 
thick; the explosion wires enter at the top and bottom to prevent short-circuit- 
ing; mercury is the confining liquid. The small explosion pipette holds about 
110 ml. and is of glass, the same thickness as the simple pipettes. Water is 
here used as the confining liquid, and acidulated with HCl usually in the burette. 



A Ford ” induction coil capable of giving a fourth-inch spark, with three 
dry cells, four “ simple ” pipettes and a mercury filled burette, complete the 
outfit. 

The burette should be carefully calibrated and the corrections may very 
well be etched upon it oppo.sitc the 10-ml. divisions. 

In working with the apparatus the pipettes are placed upon the adjustable 
stand S and connection made with the doubly bent capillary tube. 

Manipulation, — To acquire facility with the use of the apparatus before 
proceeding to the analy.sis of city ga.s, it is well to make the following determina- 
tions, obtaining “ check-readings ” in every case: I. Oxygen in air, by (1) 
absorption with phosphoru.s; (2) absorption with potassium (or sodium) 
pyrogallate; ^ (.3) by explosion with hydrogen. 

» Ibid., J. Am. Chem. Soc., 18, 67 (1896). 

»Gill, J. Am. Chem. Soc., 17 , 771 (1895). 

** The writer finds after an experience of more than thirty-five years in the laboratory 
with hundred.^ of students, that sodium pyrogallate can be used with practically the same 
results as the potassium compound. The absorption is complete, as shown by subse- 
quent treatment with cuprous chloride. 
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I, Determination of Oxygen in Air 

(1) By Phosphorus. — 100 ml. of air arc measured out as with the Orsat 
apparatus, the burette being allowed to drain two minutes. The rubber con- 
nectors upon the burette and pipette are filled with water, the capillary tube 
inserted, as far as it will go, by a twisting motion, into the connector upon the 
burette, thus filling the capillary with water; the free end of the capillary is 
inserted into the pipette connector, the latter pinched so as to form a channel 
for the water contained in it to escape, and the capillary twisted and forced 
down to Uhe pinchcock. There should be as little free space as possible be- 
tween the capillaries and the pinchcock. Before using a pipette, its connector 
(and rubber bag) should be carefully examined for leaks, especially in the 
former, and if any found the faulty piece replaced. 

The pinchcocks on the burette and pipette are now opened, the air forced 
over into the phosphorus, and the pinchcock on the pipette closed ; action im- 
mediately ensues, shown by the white fumes; after allowing it to stand fifteen 
minutes the residue is drawn back into the burette, the latter allowed to drain 
and the reading taken. The absorption goes on best at 20° C., not at all below 
15° C.; it is very much retarded by small amounts of ethane and ammonia. 
It cannot be used to absorb commercial oxygen. Xo cognizance need be taken 
of the fog of oxides of phosphorus. 

(2) By Potassium Pyrogallate. — 100 ml. of air are measured out as before, 
the carbon dioxide absorbed with potassium hydroxide and the oxygen Mith 
potassium pyrogallate, as with the Orsat apparatus; before setting aside the 
pyrogallate pipette, the number of milliliters of oxygen absorbed should be 
noted upon the slate s on the stand. This must never be omitted with any 
pipette save possibly that for potassium liydroxide, as failure to do this may 
result in the ruin of an important analysis. The reason for the omission in this 
case is found in the large absorption capacity — four to five liters of carbon 
dioxide — of the reagent. 

(3) By Explosion with Hydrogen. — Forty-three ml. of air and 57 ml. of 
hydrogen are measured out, passed into the small explosion pipette, the capil- 
lary of the pipette filled with water, the pinchcocks and glass stopcock all 
clo.sed, a heavy glass or fine wire gauze screen placed between the pipette and 
the operator, the spark passed between the spark wires, and the contraction in 
volume noted. The scree 7 i should never be omitted, as stria ics accidents may occur 
thereby. The oxygen is represented by one-third of the contraction. For 
very accurate work the sum of the combustible gases should be but one-sixth 
that of the non-combustible gases; otherwise some nitrogen will burn and high 
results will be obtained;^® that is, (H+O) : (X-j-H) : : 1 : 6. 


II. Analysis of Manufactured or City Gas 

One hundred ml. of gas are measured from the bottle containing the sample 
into the burette. 

Determination of Carbon Dioxide.— The burette is connected with the 
pipette containing potassium hydroxide and the gas passed into it with shaking 
until no further diminution in volume takes place. 

®*See Anderson's work, J. Ind. Chem., 7, .587 (1915). /ioqk\ 

“ This is shown in the work of Gill and Hunt, J. Ain. Chem. Soc., 17, 98/ (1895). 
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niuminants, CnHsnj CnHan-s Series. — The gas is passed into saturatf 3 d 
bromine water and thoroughly shaken, the bromine fumes removed, with the 
potassium (or sodium) hydroxide, like the CO 2 , and the treatment with bromine 
and hydroxide repeated until check readings are obtained. The difference 
between this last reading and that after the absorption of the carbon dioxide 
represents the volume of “ illuminants ” or “ heavy hydrocarbons present. 

Or fuming sulfuric acid can be employed instead of bromine water, removing 
the sulfuric and sulfurous anhydrides by potassium hydroxide as in the case of 
the bromine fumes. Fuming nitric acid is not recommended, as it is liable to 
oxidize carbon monoxide. 

Oxygen. — This is absorbed, as in the analysis of air, by potassium or sodium 
pyrogallate. 

Carbon Monoxide. — The gas is now passed into ammoniacal cuprous chlo- 
ride, until the reading is constant to 0.2 ml. ; it is then passed into a second 
pipette, which is fresh, and absorption continued until constant readings are 
obtained. The second pipette should not have absorbed more than 10 ml. of 
CO.” 

Gautier and Clausmann have shown that some carbon monoxide escapes 
solution in cuprous chloride, so that for very accurate work it may be necessary 
to pass the gas through a U-tube containing iodic anhydride heated to 70° C. 

This is done by interpo.sing this tube between the burette and a simple 
pipette filled with potassium hydrate. The reaction is oCO + LO 5 = 5002+21. 
The diminution in volume represents directly the volume of carbonic oxide 
present. 

The volume of air contained in the tube should be corrected for as follows: 
One end of the tube is plugged tightly and the other end conncctctl with the gas 
burette partly filled wdth air. A bath of water at 9° C. is placed around the 
U-tube and the reading of the air in the gas burette recorded w+en constant; 
the bath is now' heated to 100° and the bur^^tte reading again recorded w’hon 
constant. The increase in reading represents one-third the volume of the 
U-tube, 273 : 273 + (100-9) : : 3 : 4. 

Methane and Hydrogen, (a) Hinman*s Method .^’^ — The ga.s left from the 
absorption of carbon monoxide is passed into the large explosion pipette. About 
half the requisite quantity of oxygen (40 ml.) necessary to burn the gas is now 
added, mercury introduced through the T in the connector sufficient to seal 
the capillary of the explosion pipette, all rubber connectors carefully wired, 
the pinchcocks closed, and the pii^ette cautiously shaken. A screen of hcavif 
glass or fine wire gauze is interposed between the operator and the apparatus, 
the explosion wires are connected with the induction coil, a spark passed 1)C- 
tween them and the pinchcock.s opened, sucking in the remainder of the oxygen. 
The capillary is again sealed with mercury, the stopcock ofxjned and closed, to 
bring the contents of the pipette to atmospheric pressure, and the explosion 
repeated as before, and the stopcock opened. 

It may be found expedient to increase the inflammability of the mixture, to 
introduce 5 ml. of detonating gas,’' the electrolytic mixture of hydrogen and 
oxygen. The gas in the pipette containing carbon dioxide, oxygen, and 

” Or cuprous sulfate (Reagents) may be used. 

•• BuU. Soc. Chim^ 35, 513; Abstr. Analyst, 31, 349 (1906). 

"Gill and Hunt, j. Am. Chem. Soc., 17, 987 (1895). 
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nitrogen is transferred to the mercury burette and accurately measured. The 
carbon dioxide resulting from the combustion of the marsh gas is determined by 
absorption in potassium hydroxide; to show the presence of an excess of oxygen, 
the amount remaining is determined by absorption with potassium pyrogallate! 

The calculation is given below. For very accurate work a second analysis 
should be made, making successive explosions, using the percentages of methane 
and hydrogen just found as a basis upon which to calculate the quantity of 
oxygen to be added each time. The explosive mixture should be so propor- 
tioned that the ratio of combustible gas (i.e., CH 4 , H and 0) is to the gases 
which do not burn (i.e., N and the excess of CH 4 and H) as 100 is to about 50 
(from 26 to 64) ; ^ otherwise the heat developed is so great as to produce oxides 
of nitrogen, which, being absorbed in the potassium hydroxide, would affect the 
determination of both the methane and the hydrogen. The oxygen should 
preferably be pure, although commercial oxygen, the purity of which is known, 
can be used; the oxygen content of the latter should be tested from time to 
time, especially with different samples. 

(b) HempeVs Method . — From 12 to 15 ml. of the gas are measured off into 
the burette (e.g., 13.2 ml.) and the residue is passed into the cuprous chloride 
pipette for safe keeping. That in the burette is now* passed into the small 
explosion pipette; a volume of air more than sufficient to burn the gas, usually 
about 85 ml., is accurately measured and also passed into the explosion pipette, 
and in so doing water from the burette is allowed partially to fill the capillary 
of the pipette and act as a seal. The rubber connectors upon the capillaries of 
the burette and pipette arc carefully wired on, both pinchcocks shut, and the 
stopcock closed. The pipette is cautiously shaken, the screen interposed, the 
explosion wires connected with the induction coil, a spark passed between them, 
and the stopcock immediately opened. The gas in the pipette, containing 
carbon dioxide, oxygen, and nitrogen, is transferred to the burette, accurately 
measured, by reading immediately, to prevent the absorption of carbon dioxide, 
and carbon dioxide and oxygen determined in the usual way. 

Calculation, (a) HinmarCs Method. — 56.2 ml. of gas remained after the 
absorption; 77.4 ml. of oxygen were introduced, giving a total volume of 133.6 
ml. 


Residue after explosion 

Residue after €(>2 absorption 

Carbon dioxide formed 

Contraction 

Residue after O absorption . . 
Oxygen in excess 


46.9 ml. 

... 2S.‘2 “ 

18.7 “ 

133.6-16.9=86.7 “ 

25.6 “ 

.28.2-25.6= 2.6 “ 


The explosion of marsh gas or methane is represented by the equation 


CH 4 

-f 

02 

02 

= 1 

C 02 

+ 

H. 0 I 

+1 

HoO 


From this it is evident that the volume of carbon dioxide is equal to the volume 
of methane present; therefore in the above example, in the 56.2 ml. of gas 
burned, there were 18.7 ml, methane. 

*** Bunsen, “ Gaaometrische Methoden,” 2d ed., 73 (1877). 

** Henip)el, ^'Gaja Analytische Methoden,^^ 3d ed., 245 (1901). 
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The total contraction is due (1) to the disappearance of oxygen in com- 
bining with the hydrogen of the methane, and (2) to the union of the free 
hydrogen with oxygen. The volume of the methane having been found, con- 
traction (1) as can be ascertained from the equation above, equals twice the 
volume of the methane; hence 

86.7-(2Xl8.7)=49.3 ml., 

contraction which is due to the combustion of hydrogen. This takes place 
according to the following reaction: 




hJ 

+ 



H.O 


H.O 


Hydrogen then requires for its combustion half its volume of oxygen; hence 
this 49.3 ml. represents a volume of hydrogen with its volume of oxygen, or 
3/2 volumes; hence the volume of hydrogen is 32.9 ml. 

(&) HempeVs Method. — Of the 82 ml, of gas remaining after the absorp- 
tions, 13.2 ml. were used for the explosion; 86.4 ml. air introduced, giving a 
total volume of 99.6 ml. 

Residue after explosion 78.0 ml. 

Residue after CO 2 absorption 73.2 “ 

Carbon dioxide formed 4.8 “ 

Contraction 99.6 — 78.0 = 21,6 “ 

Residue after 0 absorption 70.2 “ 

Oxygen in exce.s.s 73.2 — 70.2= 3.0 “ 

The carbon dioxide being equal to the methane present, in the 13.2 ml. of 
ga.s burned there were 4.8 ml. of methane. The volume of methane is found 
by the proportion 13.2 : 82 : : 4.8 : x, whence x = 29.8 ml. 

The hydrogen is calculated similarly. 

Another method for the estimation of hydrogen is by absorption with 
palladium sponge;" it, however, must be carefully prepared, and it is the 
author's experience that one cannot be sure of its efficacy when it is desired to 
make use of it. A still better absorbent of hydrogen ** is a 1% solution of 
palladous chloride at 50® C. ; when fresh this will absorb 20-50 ml. of hydrogen 
in ninety minutes. A proportionately longer time is required if more hydrogen 
be present or the solution nearly saturated. The methane could then be deter- 
mined by explosion or by mixing with air and passing to and fro over a white- 
hot platinum spiral in a tubulated pipette called the grisoumeter (grisou 
= methane). 

Nitrogen. — There being no direct and convenient method for its estimation 
with this apparatus, the percentage is obtained by finding the difference between 
the sum of all percentages of the gases determined and 100%. 

New determined nitrogen in illuminating gas directly after the method of 
Dumas in organic substances; 150 ml. of gas are used, the hydrocarbons par- 

® HjO being as steam at 100® C. At ordinary temperatures this is condensed, giving 
rise to ^‘tolal contraction." 

" Hempel, Bcrichte, 12, 636 and 1006 fl879). 

** Campbell and Hart, Am. Chem. J., 18, 294 (1896). 

" Winlder, Fres. Zeit., 28, 269 and 2^. 
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tially absorbed by fuming sulfuric acid and the remainder burned in a com- 
bustion tube with copper oxide; the carbon dioxide is absorbed and the residual 
nitrogen collected and measured. 


Accuracy and Time Required -For the absorptions the apparatus is 
accurate to 0.1 ml.; for explosions by Hinman's method the methane can be 
determined within 0.2%, the hytirogen within 0.3%; by Hempel’s method 
within 1% for the methane and 7.5% for the hydrogen. The time required 
by the student for the analysis of city gas is from three to three and one-half 
hours; for air, from fifteen to twenty minutes. For very accurate work the an- 
paratus of 13urrcll should be used. ^ 


Notes. The object in filling the capillaries of the explosion pipettes with water or 
mercury before the explosion is to prevent the bursting of the rubber connectors on them 
With mercury this is effected by introducing it through the T-joint in the connector’ 
After testing for oxygen with tlie pyrogallate a small quantity of dilute acetic acid is 
sucked into the burette to neutralize any alkali which by any chance may have been 
sucked over into it. The acid is rinsed out with water and this is forced out by mercurv 
before the burette is used again. 

For results of the highc.st degree of accuracy the following points must be home in 
mind. 

1. Tlie burette must be calibrated. 


2. The confining liquid in the burette must be saturated with gas. 

3. The reagents must be saturated with the gases for which they are not the reagent* 
a blank analysis should be run when the pipettes are first filled. 

4. The reagents must lie capable of alisorbing their intended gases, i.e., not be nearly 

exhausted. ^ 


5. Check readings must be obtained after allowing the burette to drain 2 minutes. 

6. Make sure connectors are tight, glass tubes clo-se together, and that too great 
differences in the leveling tube and burette are not suddenly applied. 

7. The ratio of combustible to non-combustible gases should not be less than 1 ; 6. 
Fop safety the explosion pijxitte be 6 cr€C 7 i€<i. 


The method of analysis of the residue after the absorptions have been made 
by explosion is open to two objections: 1st, the danger of burning nitrogen by 
the violence of the explosion; and 2d, the danger of breakage of the apparatus 
and possible injury to the operator. These may be obviated by employing 
the apparatus of Dennis and Hopkins,^® which is practically a grisoumeter or 
slow combustion pipette with mercury as the confining liquid; or that of 
Jaeger,^® who burns the gases in a hard-glass or quartz tube filled with copper 
oxide. By heating to 250° C. nothing but hydrogen is burned ; if the tempera- 
ture be carried to 300° ±10° and CO be present, both it and hydrogen can be 
burned, and from the C02 formed, the amount of CO determined, thus saving 
the time-consuming al^sorption; higher heating of the residue burns the meth- 
ane. The air contained in the tube can be determined as in the case of the 
tube containing iodic anhydride, page 2350. 

To the method of explosion the mixture of an aliquot part of the residue 
with air, method (5), there is the objection that the carbon dioxide formed is 
measured over water in a moist burette, giving abundant opportunities for its 
absorption, and that the errors in analysis are multiplied by about six, in the 
example by 820/132. 

Gill and Hunt, loc. cit. 

J. Am. Chem. 8oc., 21, 398 (1899). 

J. Gaabeleuchtung, 41 , 764. Abstr. J. Soc. Chem. Ind., 17, 1190 (1898). 
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THE PROPERTIES OF THE VARIOUS GASES AND THE METHODS 
OF THEIR DETERMINATION 

Group I — Gases soluble in H2SO4, 1.7 sp.gr. Ammonia, Nitrous anhydride, 
Nitrogen tetroxide (also traces of propane, butane, propene and butene). 

Ammonia was studied by Priestley in 1774, who named it alcaline air." 
Ammonia is a pungent, strong smelling gas, lighter than air, specific gravity 
about 0.6 (air being 1), dissolving readily in water, giving an alkaline solution. 
It is the most soluble gas, water dissolving about 700 volumes “ At ordinary 
temperature (20®). Alcohol dissolves 340 volumes, and ether dissolves 10 
volumes at 15®. Liquid ammonia has been an article of commerce for many 
years, being used in the refrigeration industry. At ordinary temperature 
liquid ammonia exerts a pressure of about 125 lbs. per sq. inch (8.5 atmos- 
pheres) and it boils at —33.5®. The capacity and sizes of the cylinders in 
which it is sold are given in the Appendix, Table 8. 

Cylinders containing liquefied gases must be stored in a cool place and 
must not be handled roughly. They must be treated like a high explosive — 
as some of them are — the writer knowing of several cases in which casualties 
and deaths even have resulted from thoughtless handling. In handling am- 
monia the canister of the gas mask is filled with cupramite.^^ When inhaled 
none of the gas is absorbed,®^ the effect being entirely on the surface; 0.04% 
irritates the throat and 0.3% is dangerous for short exposure. 

Ammonia burns with a yellow flame with pure oxygen, it is explosive with 
air, the explosive limits being from 16.5 to 26.8%.“ Accidents in refrigerating 
plants have occurred from this cause. “ From its high hydrogen content it 
behaves like hydrogen, reducing the oxides of the metals. It is decomposed 
by the electric spark into its elements. The source of ammonia was the dis- 
tillation of coal,*^ but at present it is synthesized, using pressures of about 200 
atmospheres and a temperature of 450° with a catalyst of iron and traces of 
other metals. In nature it is formed by the decomposition of protein, giving 
the albuminoid ammonia ” and “ free ammonia ” of the water analyst. 
These in turn are oxidized to njtrite.s and nitrates, forming the nitrogen cycle. 

Qualitative detection is by the white fumes produced by strong hydrochloric 
acid, and by the odor. 

Quantitative determination: by (a) absorption in water or standard acid and 
subsequent titration, cochineal often being used as an indicator, Table 9- 
(6) In the case of tarry or highly colored solutions, an apparatus like the 
nitrometer, p. 2418, may be used and the solution treated with sodium hypo- 
bromite, when a molecule of nitrogen is evolved for every 2 mols of free ammonia 
present. 

2NHa'f 3NaBrO = Nt+3NaBr-f 3H2O. 

^ For accurate figtrres see Appendix, Table 3. 

“ Cupramite is a mixture of I. .5 parts 8-14 mesh pumice with 1 part CuSO<, 511^0; 
45 cu. in. will protect against 2% ammonia for 5 hours. 

Henderaon and Haggard, “Noxious Eases." 

“Refrigerating Engineering, 17, 65 (1929). J. Gasbcleuchtung, 57, 941 (1914). 

“ Power, 72, 12s (19.30). 

“ Ammonia is formed when very dilute nitric acid acta upon zinc. 
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Or the gas may be strained through cotton, and passed into 10% sulfuric acid 
in the famiUar gas washing bottles, 5 to 10 cubic feet of gas being used 

The acid is transferred to an ammonia distillation apparatus, as that of 
Kjeldahl, the contents made alkaline with sodium hydroxide distilled into 
standard acid and titrated with standard alkali. The distillation is continued 
until the steain from the still does not change turmeric paper, (c) By Nessler’s 
solution. This is a solution of mercuric iodide in pota.ssium iodide made 
strongly alkaline with potassium hydroxide which gives a yellow red coloration 
with ammonium compounds: this is matched in tubes with colors produced by 
standard Solutions of ammonium chloride. The process is rapid and very 
delicate, one part nitrogen as NH 3 being detected in 1 billion parts of water 
It is particularly used in water analysis. 

Nitrous Anhydride N 2 O 3 according to some authorities does not exist. It is 
very unstable and behaves like a mixture of nitrogen dioxide and nitric oxide. 

Nitrogen dioxide, Nitrogen peroxide, NO 2 , or Nitrogen tetroxide, N 2 oi 
(cold).— Nitrogen dioxide is a reddish-brown acid gas heavier than air, of about 
1.6 sp.gr. It is readily soluble in water forming nitric acid and nitric oxide 
H20-h3N02 = 2 HN 03 + N0 (hot) and N 204 +H 20 = HN 03 +HN 02 (cold). It 
is prepared by the heating of lead nitrate 2 Pb(N 03)2 = 4N02+2PbO + 02 ; also 
by the action of concentrated nitric acid on copper or tin. At —9° it is a white 
crystalline solid ; at 26° a bright liquid ; at 150° a deep brown gas. 

On account of the high content of oxygen, nitrogen dioxide is an energetic 
oxidizing agent, carbon monoxide and phosphorus being oxidized by it. The 
dry liquid gas mixed with benzol, CsHg or naphthalene CioHs forms a power- 
ful explosive when detonated, the products being wholly gaseous. It was used 
in depth bombs. 

Physiological Action. — ‘‘ Nitrous fumes ” are intensely irritating to the 
respiratory tract, and are the most insidious of the irritant gases. After in- 
haling the fumes from the burning of dynamite, celluloid “ or from action of 
nitric acid on metals or sa\vdust, one may be little inconvenienced and appear 
perfectly well. Before noon of the next day or even before the morning he 
may be dead, from the volume of liquid coming from the dropsy of the lungs; 
.oil to .015% is dangerous and twice this quantity rapidly fatal. 

Quahtatiye detection — by means of iodo starch paper; or absorb in alkali 
and test for nitrates. 

Quantitative determination — by absorption in standard potassium per- 
manganate acidified with sulfuric acid. 

10N02-f2KMn04+3H2S04+2H20-10HN03+K2S04+2MnS04. 

Allison, Parker and Jones determined small quantities of “ nitrous fumes 
in the air by treating a known quantity of the gas with caustic soda solution, 
evaporating, and treating the residue with phenol sulfonic acid after the pro- 
cedure for nitrates in potable waters. 

“ See Proceedings of a Board of the Chemical Warfare Service, etc. which investi- 
gated the disaster at the Cleveland Hospital Clinic, Cleveland, Ohio, May 15, 1929. 

" Bur. Mines Tech. Paper 249 (1921). 
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Group n — Gases soluble in KOH, 1.3 sp.gr. Chlorine, Hydrochloric acid, 
Cyanogen, Hydrocyanic acid, Hydrogen sulfide, Sulfur dioxide, Silicon 
fluoride, and Carbon dioxide. 

Chlorine was discovered by Scheele in 1774, who named it “ Dephlogisti- 
cated marine acid air;’'^ Davy called it chlorine in 1810. Chlorine is a 
greenish yellow, stifling gas, about 2.5 times as heavy as air, dissolving readily 
in w'ater to the extent of about twice its volume at 20®.^® Liquid chlorine boils 
at —33.6° and at 20° exerts a pressure of 97 lbs. per sq. in. (6.6 ats.). It has 
been an article of commerce for many years, and is now shipped in tank cars. 

Chlorine is the most active gas except fluorine: it attacks the metals and 
substances containing hydrogen, combining with it, decomposing them, de- 
stroying evil smells and colors — hence its use as a disinfectant and bleaching 
agent. Brought in contact with water the following equation takes place; 
HaO+.CL^HOCld-HCl. The hypochlorous acid, HCIO decomposes, 2HC10 
= 2HCI-f02 and the “ nascent ” oxygen really is the active agent, rather than 
the chlorine. But this reaction also takes place, H^S + CL ==2HC1+S. As a 
bleaching agent, where it can be used, chlorine is much more effective than some 
others, as sulfurous acid. Passed into caustic potash it forms hypochlorite or 
chlorate according to the temperature, the equation-s being 2KOH + Cl^ 
-KCIO+KCl + lLO and eKOH+SCL ^SKCI + KClOs+SILO. Chlorine 
w'hen passed into water at 0® forms a crystalline hydrate CL, 8H2O wLich when 
heated yields the pure (hydrous) gas. 

Chlorine finds many and important uses — in bleacliing, and the preparation 
of organic compounds, as war gases, carbon tetrachloride (pyrene), chloroform, 
and the chlorides of the elements generally. 

Chlorine is made chiefly by the electrolysis of brine, caustic soda being an 
important by-product. Where the Leblanc soda process is still employed, it is 
made as did Scheele by the oxidation of hydrogen in hydrochloric acid witli 
manganese dioxide, 4HC1 + Mn02 = MnCLH-Cl2+2n20. 

Physiological Action. — Chlorine produces irritation of the tissues, probably 
by their oxidation, as has already been explained in the case of bleaching; 
.0015% irritates the throat and .004% is dangerous; 0.1% is fatal. 

Chlorine can be removed from hydrochloric acid gas by treatment with 
powdered antimony. 

Hydrochloric acid (hydrogen chloride) wa.s prepared by the alchemist Gebcr 
in 1648, and in the anhydrous condition by Priestley in 1772, who called it 
marine acid air.'' It is a colorless gas, heavier than air (sp.gr. 1.25), strongly 
acid, and fumes when brought in contact with moisture. It is a remarkably 
stable gas, requiring a temperature of 1600° to 1800° for its decomposition; at 
this temperature it burns with oxygen. It is the second most soluble gas, water 
at ordinary temperatures dissolving 450 volumes: — an aqueous solution con- 
taining 20.24%, distils at a constant temperature of 1 10° at 760 mm. Alcohol 
gives a 40% solution, it is also soluble in ether and hydrocarboms. It has boon 
condensed to a liquid having a pres.sure of 42 atmospheres at 18° (620 lbs.).**’ 

” I.e., ^‘marine acid” fHCl) from which the phlogiston fll) hod been removed. 

Accurate figures in Table 3. 

•• The liquid gas is contained in a tube 5.5 mm. internal diameter and 1 mm. thicknrf^s 
of wall, which gives an idea of the pressure such tubes may be expected to withstand. 
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Qualitative detection: by the dense white fumes with ammonia. 

Quantitative determination: by absorption in standard alkali or silver 
nitrate. 

Hydrochloric acid can be removed from chlorine by passing the gas over 
manganese dioxide or zinc oxide. 

Cyanogen or dicyanogen, C^N,, was discovered by Gay Lussac in 1815 and 
is made by heating mercuric cyanide: Hg(CN)j = llg+C2N2. It is a poisonous 
colorless gas with an odor resembling prussic acid, heavier than air (sp.gr. 1.8): 
it burns with a purplish flame, when liquefied it has a pressure of 73.5 lbs 
(5 atmospheres) at 20 . At this temperature one volume of water dissolves 
4.5 volumes of the gas. Alcohol dissolves 23 volumes and ether 5, in which it 
decomposes very slowly. The aqueous solution turns dark, precipitates 
brown flakes, and contains a quantity of nitrogenous compounds, as oxamide 
prussic acid and urea. ' 

Cyanogen is inost readily prepared by heating the mixed concentrated 
solutions of potassium cyanide and copper sulfate. 

Qualitative Detection and Quantitative Determination.— By solution in 
caustic soda and testing for cyanide. C2N2+2K0H = KCN+KCN04-H20. 
Cyanogen may be determined by Nauss' method consisting in its absorption 
in ferrous hydroxide or in presence of hydrocyanic acid by Rhodes method by 
absorption in silver nitrate: this precipitates the acid and the cyanogen can be 
separated by drawing air through the solution. Another method consists in 
absorbing in alkali hydroxide acidifying with acetic acid, adding a few drops of 
copper sulfate (1 : 10), a drop or two of pyridine, and 5 ml. of chloroform. A 
blue coloration in the chloroform layer indicates a cyanate — which is not given 
by a cyanide. The following equations serve to distinguish between the gases: 

G2N2+2H20 + (HC1) =C0NH2+(HC1) oxamide, 

CONH. 

nCN4'2H20 (HCl) = HCOOH + (HCI) + XH3 Formic acid. 

Hydrocyanic Acid or Prussic Acid HCN was prepared by Scheele in 1782. 
It is easily made by treating potassium or sodium cyanide with sulfuric acid 
1:1. It is a colorless mobile liquid of a boiling point of 25.7®, having a peculiar 
odor resembling bitter almonds. The characteristic odor of potassium cyanide 
IS due to this gas, being such a weak acid that it is displaced by the carbonic 
acid of the air. The gas is lighter than air (sp.gr. 0.93) and is one of the most 
powerful and rapid poi.sons. It is readily soluble in water, alcohol and ether. 
Both the liquid gas and the concentrated aqueous solution are readily inflam- 
i^iable, burning with a violet flame. 

Hydrocyanic acid has of late years found important use as an insecticide, 
particularly against the scale insects infesting citrus groves, and for fumigating 
storage warehouses for grains and furniture.^ It is made by the action of 
sulfuric acid upon sodium cyanide and in California the 97% acid is shipped in 

Gasbeleuchtung, 43, 696 (1900). 

Ind. Eng. Chem., 4, 652 (1912), 

03 “The Modem Miller,” Feb. 1927; The Furniture Warehouseman, 6, May (1926); 

1 acific Marine Review, Nov. 1926. 



2364 


GAS ANALYSIS 


tinned iron drums; in 1926 Metzger discovered that acid calcium cyanide 
Ca(CN)s-2HCN, gives off three-fourths of the acid in half a minute and the 
whole of it in a minute. It is extremely sensitive to moisture: CaH^fCN) 
-f 2H2O =Ca(OH)2+4HCN. It is known as “ powdered hydrocyanic acid.” 

Physiological Action. — Cyanides or cyanogen arrest oxidation in the tissues 
and produce asphyxia. The person falls after a few breaths of the polluted 
atmosphere and dies in 6 to 8 minutes. 0.012% is dangerous and 0.3% rapidly 
fatal. Ammonia and chlorine are the antidotes. Like nitrous fumes,” 
it is evolved when celluloid burns. 

Qualitative Detection and Quantitative Determination. By absorption in 
water or standard alkali, and testing for a cyanide: or it may be absorbed in 
standard silver nitrate, or converted to a ferricyanide.®® 

Cyanogen compounds are formed whenever nitrogenous and carbonaceous 
compounds come together at high temperatures, particularly if alkali be present. 
They are found in blast furnace, coal and destructor gases. 

Hydrogen Sulfide H.S was carefully investigated by Scheele, who synthe- 
sized it from its elements. It occurs in the natural gas of certain Texas locali- 
ties to the extent of 20%,®^ and in “ sulfur springs.’' It is a colorless gas of^wdl 
known odor, a little heavier than air (sp.gr. 1.18), boiling at —62 ; at 20 the 
liquid gas exerts a pressure of about 150 lbs. per sq, in, (10 atmospheres). It is 
readily decomposed — hence a good reducing agent; it is combustible, explosive 
limits 4.3-46.0%, and soluble in water to the extent of 3 ml. per ml, of water 
at 20®,®® alcohol dLssolvcs about 7 volumes. The usual method of preparation 
from ferrous sulfide gives a ga.s containing hydrogen (40% in some cases) from 
the excess iron. For the preparation of the pure gas, a pure sulfide, as Stibnite, 
should be employed. 

Physiological Action.— Su If u retted hydrogen is nearly as toxic as prussic 
acid, and its action may be as rapid. It is a non-cumulative poison, is rapidly 
oxidized by the blood and its products are non-toxic ; 0.01-0.015%, may produce 
death in from 8 to 48 hours.®* .05 to .07% is dangerous and 0.1 to 0.3 rapidly 
fatal. 

Qualitative detection by “lead paper,” i.e., filter paper moistened with a 
solution of lead acetate giving a black or brown coloration. 

Quantitative Determination. — It can be absorbed in a standard solution 
of iodine in pota.ssium iodide. Small quantities can l:>e determined colorimetri- 
cally by p-amino dimethyl aniline .sulfatc.^^ 

Hydrogen sulfide can be separated from carbon dioxide, hydrogen and 
hydrocarbons by powdered manganese dioxide. 

Sulfur Dioxide SOr-wa.s first prepared in the pure state by Priestley in 
1775, by the action of siilfuric acid on mercury, as the result of the breaking of a 
thermometer in distilling the acid. It is a colorless gas of suffocating odor, a 

M Ind. Fng. Chom., 25, 959 (1933). 

«Id., 18, 161 (1026). 

** Rhodes, Ind. Kng, Chem., 4, 652 (1912). 

Bur. Mines Repf)rt.s of Investigations, No. 3128 (1931). , 

»» The sohition saturated at 0° contains 4.3 ml. per ml. of water, and used as a gargi^. 
or spray, Ls almost a specific cure for tonsilitis. 

Yant and Sayers, .J. Chem. Ed,, 4 , 613 (1927). 

^'‘Haggard. Chem, Abstr., 19, 2095 (1025). 

” Sheppard and Hudson, Ind. Eng. Chem., Anal. Ed. 2, 73 (1930). 
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little more than twice as heavy as air (sp.gr. 2.2), readily soluble in water 1 ml 
dissolving 40 ml. at 20°, ^2 alcohol dissolves 32%. At this temperature the 
liquid exerts a pressure of 48 lbs. per sq. in. (334 atmospheres). It boils at 
^ 10°. It IS an energetic reducing agent but a very stable gas. It is particu- 
larly harmful to vegetation, especially conifers. Three to 4 parts per million 
injure the leaves of plants after one hour exposure,^* Therefore it is recom- 
mended that in works where it is used, or in chemical works in general, that well 
authenticated, clear and dated photographs of the surroundings — particularly 
with reference to arboreal or plant damag^be made from time to time. 

Physiological Action.— It is said to cause decomposition of haemoglobin, 
inflammation, and irritation of the respiratory tract may occur. Acute poison- 
ing from the gas is rare, on account of the sensitivity of the eyes and throat to 
it—it being the gas which is most easily perceptible. .0008% irritates the 
throat and .04% is dangerous. 

Qualitative determination by the bleaching of fuchsin paper or iodo-starch 
paper. 

Quantitative determination— in standard iodine solution SO2+2I+2H2O 
= H-iS 04 + 2 HI. This is the method given on p. 2399. Sweeney, Outcault and 
Withrow advocate the use of .005 X permanganate; or by absorption in 
standard alkali.^* See also the report of the Selby Smelter, Commission Bur. 
Mines. Bull. 98 (1915). 

As has been stated, it is absorbed by zinc-filled rubber tubing.” 

Silicon fluoride or tetrafluoride was discovered by Scheele in 1771 and 
investigated by Berzelius in 1823. It is a colorless gas fuming strongly in the 
air, of odor resembling hydrochloric acid: It has a specific gravity of 3.6. It is 
readily decomposed by water, precipitating silicic hydroxide, 3 SiF 4 -f- 4 H 20 
= Si(OH) i+2ll2SiF6‘ It has been liquefied — the liquid is said to have a 
tension of 50 lbs. (3.4 ats.) at 20°. It is formed when hydrofluoric acid acts 
upon silica or silicates: 

4HF-hSi02 = SiF4+2H20. 

Qualitative and quantitative determination — by the use of the decomposi- 
tion with water. 

Carbon Dioxide or Carbonic Acid, CO2 — was investigated by Bergman in 
1774 who gave it the name of ^\acid of air.^^ Lavoisier showed its chemical 
nature. It is a normal constituent of the air, present to the extent of 3 parts 
per 10,000. It is a colorless and odorless gas, 50% heavier than air (sp.gr. 1.5) ; 
but hoi CO 2 at 150° for example, i.s ligliter than air. Five to seven per cent 
niixed with oxygen serve as a stimulant in artificial respiration, and a similar 
effect is observe<l with carbonated waters and wines. Three or 4% in the air is 
noticeable,’® 0% produces panting, 7 to 8% more distress, increasing at 11%, 
15 % extinguishes lights, and 50% causes death, the action being the exclusion* 

’’ For accurate figures see Table 3. 

Zimmerman and Crocker, J. Chem. Ed., 8, 1344 (1931). 

Bureau of Mines Bulletin 98. 

Ind. Eng. Chem., 9, 949 (1917). 

Ind. Eng. Chem., 18 , 747 (1926). 

” Power, 58, .507. 

Henderson, Science, 83 , 402 (1936), 

Haldane, Am. Gas Lt. J., 65, 483. 
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of oxygen. It is a remarkably stable gas, requiring a very high temperature 
— 2000° — for its decomposition. Water at ordinary temperature dissolves its 
OWE volume of the gas ; at a pressure of 3 to 4 atmospheres it becomes “soda 
water”®® of commerce. Liquid carbonic acid evaporates at —79° and the 
solid melts at —56°. It has no boiling point. At 20° it exerts a pressure of 
870 lbs. (59 atmospheres). From a cylinder of the compressed gas when opened 
the gas escapes as a snow-like solid. This is compressed at a pressure of 500 
to 800 pounds per sq. in., into cakes known as “ dry ice,” dissolved in acetone 
it is a very convenient method of producing low temperatures in the laboratory, 

Qualitative detection by calcium or barium hydroxide on an ebonite rod. 

Quantitative Determination. — By standard alkali or absorption in sodium or 
potassium hydroxide and noting contraction in volume. Scheibler’s calcimeter 
is an ingenious apparatus, in which carbon dioxide evolved from bone charcoal 
(containing calcium carbonate) and acid displaces an equal volume of air from 
a rubber bag inside a Woulff bottle, into a burette. The burette is graduated in 
per cent of calcium carbonate, 1.7 grams of bone char being taken. 

Carbon dioxide has of late found estended use; with a peculiar nozzle, the 
liquefied gas serves as a fire extinguisher, as a source of decentralized power for 
spray painting, unplugging pipes, distilling tar and petroleum and displacing 
flammable solvents and oil vapors in tankers. Used aboard ship as a refri- 
gerant.®^ It may, if the percentage be high, cause the development of ob- 
jectionable flavors with fresh fruits and vegetables, for these carry on respira- 
tion. The solid gas compressed into bricks has replaced ice to a considerable 
extent. It is said to be used also as a rat-killer and tire inflater. 

Carbon dioxide in illuminating gas cuts down the illuminating power almost 
in the proportion to which it is present. 

Group III — Gases Soluble in AgNOa Solution. — Pho.sphine PH3, Arsine AsHs, 
Stibine SbHa, 

These gases are all poisonous, readily decomposed with the liberation of 
hydrogen, form chlorides, are all combustible and decompose explosively. 
They all combine with silver when passed into silver nitrate, setting free nitric 
acid. This acts upon the precipitated silver compound forming phosphoric or 
arsenious acid; this does not take place with stibine, PH3-f-3AgN03 = AgjP 
-j-SHXOs. They are not commonly met with except as impurities in other 
gases. 

Phosphine PHs was preparerl by Gengembre in 1783 by heating phosphorus 
with pota.ssium hydroxhle, giving at the same time a liquid PalL, which i.s 
spontaneously inflammable. 3K0II-f-4P-{-3n20 = PH3-|-KH2P02. As or- 
dinarily encountered, phosphine smells like rotten fish and comes from the 
tlecomposition of the metallic phosphides by acid. The pure gas inflames above 
100° and it takes fire when treated with nitric acid or bromine. It is somewhat 

It is interesting to note that perhaps Cleopatra made the first carbonated drink, 
w'hen she dis.solved a valuable pearl in vinegar. Dr. P. C. Physick of Philadelphia pre- 
scribed soda water as a medicine in 1807, which w’a.s put up by Townsend Speakman. H 
became very popular, and in 1928 the annual business in carbonated drinks amounted to 
800 million dollars. 

” Killeffer, Ind, Fng. Chem,, 19, 192 (1927). 

« Power, 67, 80.5 (1928). 

« Thornton, Ind. Eng. Chem., 22, 1186 (1930). Brooks, Power, 67, 805 (1928). 
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heavier than air having a specific gravity of 1.18. It is very slightly soluble in 
water, 100 ml. dissolving 2.6 ml. Alcohol dissolves about half its volume, and 
ether twice its volume. Qualitative detection — by the blackening of silver 
nitrate solution in the absence of hydrogen sulfide and the other members of 
this group. 

Quantitative determination — by converting to phosphoric acid by burning, 
after the manner of the determination of sulfur in city gas (p. 2395) and .sub- 
sequent oxidation with bromine and precipitation of the phosphoric acid as 
magnesium phosphate in the usual way. Dennis and O'Brien recommend 
the detern!ination in acetylene by absorption in sodium hypochlorite and ulti- 
mate precipitation as magnesium phosphate: wt. Mg2P2O7X0.3059 = wt. PHa or 
wt. Mg2P2O7X201.25 = ml. PH3. 

Arsine, AsHs, was discovered by Scheele in 1775, who prepared it by heating 
a solution of arsenic acid with zinc. It is evolved when acids act upon arseni- 
cal metals. It is a colorless gas of disagreeable odor, extremely poisonous,*^ 
easily decomposed by heat and readily inflammable. It is 2.7 times as heavy 
as air; water dissolves 1/5 its volume of the gas, it is insoluble in alcohol and 
ether; it liquefies at —55®. 

When inhaled it produces dizziness, faintness and headache, followed by 
nausea and vomiting; it combines readily with hemoglobin, producing anemia. 
In acute cases death ensues in from 2 to 6 days. 

Qualitative detection — by passing into ammoniacal silver nitrate. 

Quantitative determination — by the familiar IMarsh test; also by the 
Gutzeit»« test: 2AsH3 + 12IIgCl2+3H20 - 12HgCl-hAso03d-12HCl; the calo- 
mel can be weighed, or potassium iodide solution is added sufficient to dissolve 
it; 25% excess iodine solution added, and the excess iodine titrated with N/lOO 
thiosulfate: 1 mg. As2O3 = 8.08 ml. N7100 thiosulfate. 

Stibine, SbHs, was prepared by Lewis Thompson in 1837; it is formed 
whenever “ nascent ” hydrogen comes in contact with a soluble antimony salt. 
It is a colorless gas, of odor faintly resembling hydrogen sulfide, inflammable, 
easily decomposed by lieat or even strong sulfuric acid. It is more than four 
times as heavy as air, of boiling point — 17°, and is soluble in water to the extent 
of 1/5 its volume, 1 ml. alcohol dissolves 15 ml. 

Determination — by j)assing into silver nitrate, forming SbAgs, washing and 
dissolving in tartaric acid and determiiiiiig the antimony. 

Group rV — Gases soluble in potassium pyrogallate. 

Oxygen, the active constituent of the air, was known to the Chinese in the 
eighth century; they even knew it could be made by heating saltpeter:®^ 

Ind. Eng. Chem., 4 , 831 (1912). 

It is stated that Gehlen lost his life in 1815 by the inhalation of a single bubble of 
the gas. 

“ Barnes and Murray, Ind. Eng. Chem., Anal. IM., 2, 29 (1930). , i- .1 

This fact is made use of periodically, to foist upon an unsuspecting public the 
various *‘coal savers’^ and “aids to combustion,” to “burn up the noxious gas^ of 
combustion, and safeguard the health of the family.” They do contoin a little 
s.'Utpeter, sometimes permanganate, but their chief constituent is usually common salt. 
This colors the slightly visible flame's of carbon monoxide, so that the combustion ap- 
pears to be energetic, and the furnace very hot. Two pounds are sufficient to trent a 
ton of coal. When it is remembered that about 2 pounds of oxygen are 1 

a single pound of coal, it will readily be seen how much influence this compound 
In burning a <071 of coal I 
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Mayow in 1669 found the percentage in the air, but it remained for Scheele in 
l771-'2, and in 1774, Priestley, to prepare it in a pure state. They called it the 
vital spirit or “ fire air/' It is prepared today commercially by the dis- 
tillation of liquid air and the electrolysis of water. It is evolved by green 
plants, particularly under the influence of sunlight, with the formation of 
cellulose, 6C02d-5H20 = C6Hio05d-602. This is perhaps the most important 
reaction taking place in the world — the carbonic dioxide evolved by combustion 
and animals, being utilized by the plants for their sustenance, and they in turn 
contribute oxygen for ours. 

Oxygen is 10% heavier than air, and at ordinary temperature^ a liter of 
water dissolves 6.4 ml. of oxygen from the air, or 28.4 ml. from pure oxygen. It 
dissolves to the extent of 10 volumes in molten silver, which when cooled sud- 
denly evolves it, the spitting of silver,” causing losses sometimes in assaying. 
It is colorless, odorless and tasteless. It was liquefied in 1877, becoming a steel 
blue liquid, and boiled at —182,5° (nitrogen — 195.5°). It comes in commerce 
in 110 and 220 cu. ft. cylinders under a pressure of 1800 lbs. per sq. in. at or- 
dinary temperature. 

If the atmosphere contains less than 17% oxygen oil lamps refuse to burn, 
at 16% gas does not burn, at 12% respiration becomes deeper, at 10% respira- 
tion becomes more difficult; the lips become blue, 8% the face is leaden color, 
and at 5 to 6%, panting and death ensue.®* 

Compressed oxygen is one of the commonest gases of today. The cylinders 
are provided with right-hand threads, whereas all the combustible gas cylinders 
have left-hand threads, and are served by oil lubricated pumps. “ Never pul 
oxygen into a cylinder with a left-hand thread ” — is one of the cardinal principles 
to be observed in handling compressed gases. It is a “ dangerous or hazardous 
material,” particularly in contact with oil, even in minute quantitie.s, as little 
as 0.6 mg. (1/50 drop) causing fire in the presence of high pressure oxygen.^® 
Four drops of oil, in a 60 ml. bomb under a pressure of 2300 pounds cause.s an 
explosion. In a case which the writer investigated, 1800 pounds pressure 
when exerted nearly 24 hours, blew a 220 ft. cylinder of compressed oxygen to 
pieces, caused the death of tw’o })ersons, and WTeckage of the laboratory; the 
floor above w’as blowm up wdth such violence as to break the legs of persons 
standing upon it; windows w^ere broken two hundred feet aw'ay. The amount 
of oil of course could not be determined, but other cylinders from the same lot 
contained from 50 to 100 rags, of mineral oil: they w'ere all intended for com- 
bustible gases, but as they were new and supposedly never used, they were 
temporarily used to hold oxygen, a special fitting being made for the purpose. 

Cases are known in which people have been burned, and iron fittings set fire 
by incautious oiling, as firew'ood is kindled by kerosene. Water is the only 
lubricant to be used on an oxygen compressor, with a trace of soap in it for the 
fittings. Packings are of lead, asbestos or nearly incombustible rubber/' 
Iron or steel should not be used for fittings for high pressure oxygen. A verdict 
of $340,000 was awarded, due to a fire caused by oil in a steel manifold, even 

“ Burrell and OberfciJ, Bur. Mines Tech. Paper 122 (1915). 

* News Edition of Ind. Eng. Chem., 2, 6 (Dec. 20, 1924). 

“Hersey, C. A., 17, 32.>4 (1923). Also Brooks, C. A., 18, 905 (1924). 

" News ^ition, Ind. Eng. Chem., 2, 6 (Dec. 1924). 
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though it was made in conformity with current practice. Brass or bronze 
fittings must be used — these melt but do not fire or burn.®^ 

Used with compressed hydrocarbon gases or gasoline it finds extensive 
employment in cutting and welding iron and steel; this has developed an ex- 
tensive technique and literature. It is to be noted that much depends upon 
the purity of the oxygen, both as regard the time consumed and the quality 
of cut produced. If 99.3% of oxygen or better, be regarded as standard, using 
hydrogen, a drop of a single per cent in purity increases the amount used by 
25%, and the time by 7%; a drop to 95% purity makes a ragged cut, increases 
the time by 40% and the quantity of gas used by 60%.®^ The temperatures 
attained are 1800® with manufactured or illuminating gas, 2100® with hydroeen 
and 2450° with acetylene,®^ 

Qualitative detection — by the familiar glowing splinter or by the passage of 
the gas into nearly colorless pyrogallate of potassium. This can be prepared by 
using well boiled water to dissolve the hydroxide and acid and mixing them out 
of access of air. 

Quantitative Detennination. — In case combustible gases are absent, by 
explosion with hydrogen (p. 2355); otherwise absorbents as phosphorus or 
potassium or sodium pyrogallate is used; this with much oxygen may evolve 
CO. See Reagents. Phosphorus does not absorb pure oxygen; if the con- 
centration be reduced to 75% they combine with explosive violence. Burrell 
uses a stabilized solution of chromous chloride called oxsorbent ” with success; 
another excellent absorbent when carbon monoxide and acetylene are absent, is 
ammoniacal cuprous carbonate or chloride. This is prepared by treating bits 
of copper or copper gauze, cleaned with nitric acid, with 500 ml. of a saturated 
solution of ammonium carbonate mixed with an equal quantity of ammonium 
hydroxide, sp.gr. of 0.9G. Badger recommends treating the copper with a 
solution of equal parts of concentrated ammonia and water, saturated with 
ammonium chloride ; this absorbs from 50 to 60 times its volume of oxygen. 

Oxygen should not contain more than 4% of hydrogen and preferably none 
at all, and for respiration be of the highest quality containing not more than 2% 
impurities. 

For the determination of oxygen dissolved in water the method of L. W. 
Winkler is employed ; the quantity of dissolved oxygen is usually a measure 
of the purity of the water. 

Ozone O3, van Marum observed in 1785 that when frictional electric 
machines were operated, a peculiar odor was developed at the same time; a 
similar odor was observed by the i>assage of a lightning spark. Little attention 
was paid to this until Schonbeiii brought it to the attention of chemists in 
1840. He and others investigated it and found it not to be an oxide of hydrogen 
as was thought, but a form of oxygen. The investigation was a difficult one 
as the quantities of it formed were small and being so active it disappeared. 

The odor resembles dilute chlorine; it is faintly blue in layers of a meter 
thick, and about 60% heavier than air; it is one of the most powerful oxidizing 

« Jakowsky and Butzler, C. A., 17, 3920 (1923). 

Circular International Oxygen Co., 1911; also J. Soc. Chem. Ind., 30, 779 (1911). 

“Drews, Verdichtete und Verfluessigte Case” (1928). 

”Ind. Eng. Chem., 12, 161 (1920). 

“ Ind. Eng. Chem., 5, 976 (1913); also C. A., 7, 2266 (1913). 
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agents; 1 ml. of water at 12® dissolves 0.5 ml. ozone. It forms a blue liquid 
boiling at —119® and is an endothermic compound. 

Qualitative Detection, — Ozone browns manganese chloride paper and 
liberates iodine from potassium iodide. It does not affect permanganate as do 
hydrogen peroxide and ‘‘ nitrous fumes.’' It of course does not respond to the 
nitrite test with sulfanilic acid and alpha naphthylamine as do “ nitrous fumes ” 
(X2O3 and NO), nor is it changed by chromic acid as is hydrogen peroxide. It 
turns silver foil black which neither of the others affects.®^ 

Quantitative Determination. — By the action upon a neutral solution of 
potassium iodide, and titration of iodine with N/10 thiosulfate.^®' 2KI-h0j 
4-H20=2K0II+2l+02. If an acid solution be used, hydrogen peroxide is 
formed, w^hich sets free an additional quantity of iodine. For the rapid deter- 
mination of ozone in the air of health resorts use may be made of the Wurster 
test, the quantitative oxidation of fresh p-tetramethyl phenylene diamine 
which forms a blue color on strips of paper which may be matched with 
standards. 

Ozone is formed when oils, as turpentine, oxidize, or during the operation of 
blast lamps. It is used industrially for, “ killing odors,” oxidizing and bleach- 
ing oils, waxes, ivory, flour and starch ; it has been used for purifying water, but 
chlorine is said to be cheaper — that, however, produces a taste. Great hopes 
were entertained for ozone when it w'as first made in quantity, that it could be 
used for improving the ventilation of halls and schoolhouses; the fact that the 
atmosphere was too dry for its efficient use was overlooked, and little effect 
resulted other than the production of sore throats for those in the immediate 
neighborhood of the machine.^^*^ In handling ozone, glass or metal apparatus 
must be used as it oxidizes all other materials, Flexibility of glass apparatus 
can be ensured by spirals or by the use of joints sealed with mercury cups. 

Group V — Gas absorbed by Cuprous CUorde Solution. — Carbon Monoxide, 
CO. 


It was obtained in 1776 by Lassonc by heating zinc oxide with charcoal; this 
gave a gas which burned with a blue flame and which for a long time was mis- 
taken for hydrogen. Cruikshank in 1800 found it could be made by heating 
various metallic oxides with carbon and named it “ gaseous oxide of carbone.” 
Its method of preparation industrially (with hydrogen) is by the w^ell known 
water gas reaction ; in the laboratory it can be made by the removal of water by 
sulfuric acid from formic acid or oxalic acid (with an equal volume of CO 2 ), 

HCOOH-CO-I-H 2 O; C00H = H20+C0-hC02. 

I 

COOH 

If potassium fcrrocyanide or cyanide be cautiously heated with 10 times its 
weight of cone, sulfuric acid, pure carbonic oxide Is evolved {dilute acid gives 

” Keiser and McMastcr, Am. Ghcm. J., 39, 90 (1908). 

” Treadwell and Annclcr, Z. Anorg. Chem., 48, 86 (1905); also Treadwell-UaUf 
“Quantitative Analysis.” 

*• Berichte, 20, 921 (1888). Obtainable from T. Hchnehardt, Goerlitz, Germany. 

Czaplewski, Chem. Met. Eng., 12, 254. C. A., 8, 2017 (1914). 
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hydrocyanic acid): K4Fe(CN)6+6H20+6H2SO4 = 6CO-|-2K2SO4+FeSO4+ 
3(NH4)2S04. 

Carbon Monoxide is colorless, possessing a slight odor and taste. It is a 
trifle lighter than air, and has been liquefied, boiling point —190°; 100 ml, of 
water at 20° dissolve 2.3 ml, alcohol dissolves about 10 times as much. It is a 
stable gas, combining with chlorine to make the deadly phosgene COCI2, with 
potassium to make the explosive KeCeOe, and with nickel (cobalt), and iron to 
make the carbonyls Ni(CO) 4 boiling point 43°, and Fe(CO)6— boiling point 
102.5 . The latter occurs in city gas and deposits iron oxide on the gas mantles, 
injuring thfeir efficiency. It is combustible, the explosive limits with air being 
from 12.5 to 75%, When heated with oxides of the metals it is a most powerful 
reducing agent, producing the metals. By its production from coal less than 

the heating value of the carbon is evolved, 4340 B.t.u. instead of 14544 
B.t.u, per pound. 

Physiological Action and Common Sources of Carbon Monoxide — Sewer 
Gas. — When inhaled, carbon monoxide displaces oxygen from the blood by 
combining with the hemoglobin, the affinity for which is 300 times that for 
oxygen; consequently as the blood cannot be sufficiently oxygenated, the 
patient dies from asphyxiation. It acts too, as a cumulative poison, a little 
being taken into the system now and again until a toxic dose is attained. Coal 
gas contains 6 to 8%, water gas 25, producer 17 to 30, blast furnace 24, and 
automobile exhaust gases 7% carbon monoxide. No one would think of staying 
in a room into which coal gas was issuing from a one-inch pipe, and yet people 
stay in a garage with an automobile engine running, delivering more carbon 
monoxide than coal gas itself. A 30-horsepower engine running 15 minutes in 
a closed garage of 5000 cubic feet capacity will make the air decidedly dan- 
gerous.*®^ 

In the streets we find from 0.3 to 2.9 parts per 10,000; average 0.8 parts; 
in auto repair shops from 0.1 to 11 parts, average 2.1 parts ; in auto busses from 
0,1 to 1.0 part. To get an idea of the danger, Henderson suggests that the 
number of parts of carbon monoxide in 10,000 be multiplied by the hours of 
exposure: if this product be 3 there is no effect, at 6 it is just perceptible, at 9, 
headache and nausea result, and if the concentration be 15, it is dangerous. In 
congested thoroughfares from 0.8 to 2.0 parts per 10,000 may be encountered, 
with the latter a headache may be expected after several hours exposure. 
0-1% (10 parts per 10,000) produces loss of power over the lower limbs, 0.2% 
complete helplessness, and 0.3% (30 parts per 10,000) death; 10 ml. per kilo- 
gram weight of an animal will cause death, i.e., 800 ml, per person. When 
gassed it is extremely important to hasten the elimination by inhalation of 
oxygen plus 5-7% carbon dioxide, and terminate the asphyxia.” “ A person 
who is allowed to recover spontaneously in fresh air may remain unconscious 
for some time and be ill a day or two, whereas another equally gassed, is 
resuscitated by inhalation, goes back to work within a half hour with no ill 
effects.” 


“Vitiation of Garage air by Automobile Exhaust Gases,” Bur. Mines Tech, Paper 
216 (1919). 

“Atmospheric Pollution by Automobile Exhaust Gases,” Ind. Eng. Chem,, News 
Edition Aug. 20, 1928, p. 20. ^ x- ^ 

^**HenderBon and Haggard, Noxious Gases already mentioned. 
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Sewer Gas. — Another source of carbon monoxide is “ sewer gas/^ i.e., city- 
gas which leaks into sewers, not sewage gas^ coming from the fermentation of 
sewage in the sewers. This is unusual if not impossible, as the temperature of 
the sewage is such as not to favor fermentation, assuming that sewage collected 
in the sewers, which are inclined to ensure a sufficient flow to prevent accumula- 
tion. In long sewers of faulty construction and with stale sewage a gas having 
a high content of methane and no carbonic oxide might be produced. Gas 
leakage from mains under asphalt pavement was recognized in New York in 
1897 ; illuminating gas is found in electric maiiholes,^°^ Cast iron pipes with 
bell and spigot joints, made with oakum and cement, are usually? buried 30 
inches, and present potential sources of leakage every 12 feet. The modern 
gasketted coupling and leak clamps have largely reduced this leakage. The 
normal leakage of a 0-inch main is 225 thousand cubic feet of gas per iniU 
annually; a 12-inch main doubles this. This may mean from 7.1 to 25.0% 
of the gas made. In Massachusetts it is about 202 thousand cubic feet. City 
gas, therefore, may come into the house through defective plumbing or more 
likely it may follow from the trench containing the gas main along the service 
gas or water pipes or from electric ducts or conduits through the foundation 
walls into the house. Besides this source, carbon monoxide is formed wherever 
carbonaceous substances burn incompletely, even in manufactured gas, and par- 
ticularly from charcoal braziers and coke burning stoves.^”® It is also formed 
by the explosion of smokeless powder, and occurs in gun turrets. 

Qualitative detection — by the blood test or palladous chloride, pp. 2405-7. 

Quantitative determination — by absorption in acid or amnioniacal cuprous 
chloride (see Reagents) each of which absorbs its own volume of the gas. The 
compound formed — possibly 2 CUCICOH 2 O — is very unstable, as carbonic oxide 
may be freed from the solution by boiling, or placing it in vacuo: even if the 
solution containing it be simply shaken with an inert gas or one containing little 
carbonic oxide it is given off. Where mercury is the confining liquid, ammonia- 
cal cuprous chloride should be used, as the acid chloride causes a troublesome 
flouring of the mercury. Cuprous chloride does absorb appreciable quantities 
of the higher paraffine hydrocarbon.s. 

The compound of carbon monoxide and cuprous chloride, being so unstable, 
makes a very unsatisfactory absorbent for the gas. Two methods are in use 
to remedy the difficulty, by the use of cuprous sulfate and combustion with 
copper oxide. The compound formed with cuprous sulfate, CU2SO4CO, is 
stable. It does not .set free the gas, but acts more slowly than the chloride, 
particularly after it has become about half saturated. Whereas the chloride 
absorbs about its own volume, the sulfate absorbs 18 times as much. It 
absorbs the un.saturated, but not the saturated hydrocarbons, nor hydrogen, 
nitrogen, and only traces of oxygen. 

By using first a cuprous chloride pipette until only a few cubic milliincUrs 
are absorbed, and finishing to complete absorption with a sulfate pipette, the 
analysis can be rapidly and accurately executed. 

Report of the National Board of Fire Underwriters, No. 559. 

“Gases in Manhole.” U. S. Burtau Mines R. I. 3109 (1931); also R. I. 2710 
(1925) and Kept. Investig. 3192, C. A., 26, 6140 (1932); also White, C. A., 8, 2914 (1914). 

*** Hoffman, ‘'Considerations on the Fatal Effects of the Vapour from Burning 
Charcoal," 1716. 
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These absorption methods being slow, Burrell determines carbon monoxide 
and hydrogen together, by burning with copper oxide in a U-tube heated to 
300°±12°; the CO 2 formed equals the CO present. 

These methods are those ordinarily used for the estimation of considerable 
quantities of carbon monoxide: for the determination of small quantities using 
iodine pentoxide, see Analysis of Air. ° 

Katz and Bloomfield find that as little as 0.07% CO can be determined by 
Hoolamite/’ a mixture of iodine pentoxide and fuming sulfuric acid on granu- 
lar pumice stone. The mixture is kept in sealed glass tubes the ends of which 
are broken and connected up with a tube of activated charcoal through which 
the air to be tested is drawn by means of a measured rubber bulb. The amount 
of carbon monoxide is shown by comparing the color produced with a set of 
standards. 

Group VI — Gas Soluble in Ferrous Sulfate Solution, 1 : 2, 

Nitric oxide, NO, was discovered by Van Heliiiont and fully investigated by 
Priestley in 1772. It is a colorless gas, slightly heavier than air, has been 
liquefied— boiling point -153.6°, and very slightly soluble in water— 1 ml. 
dissolves 0.05 ml., forming nitrous and nitric acids— alcohol about five times as 
much. It is the most stable of the oxides of nitrogen, decomposing slightly at 
900°; phosphorus, actively burning, continues to burn in it. Brought into the 
air, it takes on oxygen, becoming NOo. This makes it an important catalyst 
in the chamber process for making sulfuric acid. 

It is prepared by treating copper, silver or mercury with nitric acid, sp.gr. 
1.2: the gas obtained is not pure but contains nitrous oxide. The pure gas may 
be prepared by heating its solution in ferrous sulfate. 

Qualitative Detection. — Absorb in water and test for nitrites. 

Quantitative Determination. — Absorb in ferrous sulfate 1:2: slightly 
acidified with sulfuric acid: or it can be passed into acidulated permanganate 
like nitrogen tetroxide. The burning with hydrogen in a platinum capillary is 
not satisfactory. 

Group VII — Unabsorbable Gases. Hydrogen, Methane, Ethylene, Acetylene, 
Nitrous Oxide, Nitrogen, Carbon Oxysulfide, and the Noble Gases. 

Hydrogen was prepared in the sixteenth century by Paracelsus by the usual 
method of the displacement from acids by metals. Cavendish about 200 years 
later, in 1766, investigated it thoroughly and gave it the name of “ inflammable 
air.'’ It occurs in volcanic emanations and in the sun. It is produced in the 
decomposition of organic bodies particularly when oxygen is absent. Hydro- 
gen is the lightest substance, having a sp.gr. of 0.07, the liquid at its boiling point 
“252.5° having a like density. It is one of the least soluble ga«es: 100 ml. of 
^vate^ at 20° dissolve about 2 ml., alcohol dissolves about 3 times as much. 
It is absorbed by some of the metals, hot iron taking up 19 volumes, powdered 
platinum 50, and palladium black about 900 volumes: cocoanut charcoal 
absorbs 4.4 volumes. Hydrogen is sometimes said to be spontaneously inflam- 
mable, many cases being known of the gas igniting when issuing from cylinders; 
this has been shown by Nusselt to be due to the dust it contains: the dust, 

lud. Eng. Chem., 14, 304 (1922); also 17. 655 (1925). 

'®®Zeit. Ver. deut. Ing., 66, 203 (1922); C. A., 16, 1640 (1922). 
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iron rust, etc., issues with the hydrogen with such velocity through the jet as 
to cause electric sparks, which ignite the hydrogen as it comes in contact with 
the air. Pails of water and wet rags are used to extinguish the flames from the 
joints in the balloon filling pipes in the Zeppelin hangar on Lake Constance. 
The explosive limits with air are from 4.1 to 75%; if the oxygen content be 5% 
it is also explosive. 

Qualitative Detection. — In the absence of olefines (C2H4, etc.) and carbon 
monoxide, by the evolution of hydrochloric acid when hydrogen is passed over 
cold solid palladium chloride.^®® 

Quantitative Determination, — If there be no other combustible gases 
present, several methods are available: 

(а) Combustion with a hot platinum spiral in the apparatus of Dennis and 

Hopkins.^^® 

(б) Combustion with copper oxide at a temperature of 250°-300° according to 

Jaeger or in any other similar apparatus. 

(c) Explosion with oxygen, the converse of the determination of oxygen in air. 

Where combustible gases are present the procedure of Campbell and Hart 
using a 1% solution of palladous chloride at 50°: when fresh, 125 ml. will absorb 
25-50 ml. of hydrogen in 90 minutes. Carbon monoxide and dioxide, unsatu- 
rated hydrocarbons, and oxygen must be absent. The palladium precipitated 
can be recovered and a fresh solution made therefrom. Platinum black or 
palladium sponge or asbestos treated with either has not, in the experience of 
the writer, given satisfactory results. 

Hydrogen has of late assumed great indu-strial importance, in the synthesis 
of ammonia, the hydrogenation of oils, changing them to fats of any degree of 
soh'dity, the hydrogenation or Berginization of coal and petroleum, and prepani- 
tion of hydrocarbons resembling petroleum products from it, synthetic motor 
fuels and for balloons; in this latter connection a thousand cubic feet of pure 
hydrogen will lift 75 pounds, of the commercial gas about 71 pounds. It is 
also used for cooling synchronous condensers, increasing their capacity 25%."'^ 

It is made commercially by the electroly.sis of water or brine, by passing over 
hot iron, the Lane process, by pas.sing w^ater gas over lime at 500°. Hydrogen 
is also made by passing natural gas and steam over a catalyst at 870°; the CO 
found is removed by another catalyst.'^* In this connection it should V>e noted 
that attempts are occasionally made to decompose steam by the “ waste heat 
of the boiler furnace and get hydrogen as a fuel, and oxygen as a by-product. 
Cast iron retorts are set behind the bridge- wall, steam conducted tlirough them 
and this passes under the grate and up through the coal. There arc several 
difficulties in the way here: first, at the temperature of 1600° no noticealde 
(not to say con.siderable) decompo.sition of steam takes place whereas the 
melting point of the cast iron retorts is 1500°, or 100° lower; second, when 

Phillips, Am. Chem, J., 16, 2.59 fl894). 

J. Am. Chem. S^jc.. 21, 398 (1899). 

^ J, Gaabeleuchtung, 41, 764. 

w* Am. Chem. J., 18, 294 (1896). 

^ Power, 68, 995. Science, 72, X (IQ-’IO). Power, 72, 902 (19.30). Easley, Power, 
80 , 362 (1036). 

Byrne, Gohr and Haslam, Ind. Eng. Chem., 24, 1129 (1932). 
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the mixture of hydrogen and oxygen (supposing it to have been formed) is 
conducted from the retort, if the temperature drops below 1600° they recom- 
bine making steam; third, if it were possible there would be no gain, the heat 
evolved by the combustion of the gases (if formed) having been previously 
abstracted from the system to produce any decomposition. A puzzling feature 
was the fact that when the apparatus was first operated hydrogen was evolved. 
This was of course due to the decomposition of the steam by the red hot 
iron 3Fe+4H20 = 4 H 2 +Fe 304 , and was overlooked. 

Another alleged source of gain is that obtained in the so-called water gas 
process ” burning coal : Steam is used to produce draft and so cut down smoke, 
and of course it is decomposed yielding, with the coal, hydrogen and carbon 
monoxide. 

Attention is called to the fact that these are excellent fuels ready-formed 
made by waste heat,'’ and the fact lost sight of that the reaction by which they 
were produced abstracted heat, or cooled the furnace down, and that actually 
there is no gain in the process. The thermal efficiency of hydrogen engines is 
very high (45-50%) ; they use about 21.2 cu. ft. per horsepower hour.^^^ 

Methane, CIL, noted by Pliny, forms the fire damp of the coal mines and 
some part of the fuel for the holy fires of the fire worshippers: when marshy 
pools are stirred, the gas evolved is largely methane, and it is the chief con- 
stituent of natural gas. It too is formed by the decomposition of organic 
matter by bacteria, scjDtic tank gas being rich in methane. Volta in 1776 
observed that it required twdee as much oxygen for its combustion as did 
hydrogen, Berthollet showed it contained hydrogen and carbon, but Henry 
in 1805 determined its composition. 

It has been made from its elements; a common method of preparation is by 
heating an acetate with an hydroxide, CHaCOOXa-hHOXa == CH 4 -j-Ka 2 C 03 ; 
this docs not always furnish p\irc methane. Another method is by the action 
of a zinc-copper couple on metliyl iodide and alcohol care must be taken to 
wash and chill out the iodide vapors. Another method of preparation is by 
the action of water upon aluminum carbide, ALCa+lSILO = 4A1(0H)3-1-3CH4. 

Methane is a colorless, odorless gas, about half as heavy as air (sp.gr. 0.55), 
very slightly soluble in water, 1 ml. dissolving 0.035 ml., and being about 10 
times as soluble in alcohol. It burns with a slightly luminous flame of about 
5-candlepower (burned at the rate of 5 culuc feet per hour). The explosive 
limits with air are from 4.9-15.4%. Its boiling point is —164°. Cylinders of 
the compressed gas arc under about 1800 pounds pressure. It is a very stable 
compound both as regards chemical reagents and heat. 

Quantitative Determination. — Methane may be determined by explosion 
with oxygen or air, as is hydrogen, the procedure being given on p. 2356. 
Dennis states that while t he determination of hydrogen by the Jaeger copper 
oxide method is very satisfactory, the determination of methane in the same 
tube at a higher temperature cannot be recommended on account of the time 
necessary for the oxidation of the methane. He recommends therefore com- 
bustion in the Dennis combustion pipette or grisoumeter. 

Ethylene or Ethene, Call 4 , was discovered by Becher and studied by four 
Dutch chemists in 1795 who made it by dehydrating alcohol with sulfuric acid: 

^^‘Power, 77, 90 (1933). 

Gladstone and Tribe, J. Chem. Soc., 4S, 154 (1884). 

“Gas Analysis,” 1929 edn., p. 163. 
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it gave an oily liquid (ethylene chloride) with chlorine and hence received the 
name olefiant (oil making) gas. Henry showed how it differed from methane 
and gave it the name of “ the heavy hydrocarbon ’’ which still persists, being 
applied to that portion of coal gas absorbed by bromine or fuming sulfuric acid 
and also known as illuminants." 

Ethylene is a colorless gas, of peculiar ethereal odor, slightly lighter than 
air and soluble in 4 times its volume of water at 20°: alcohol dissolves about 10 
times as much. Liquid ethylene is found in commerce in cylinders under a 
pressure of 620 lbs. (42 atmospheres), and the boiling point is —104.3°. It is 
readily inflammable, giving a flame of about 70 candle power (bu riled at the 
rate of 5 cubic feet per hour). Mixed with 3 times its volume of oxygen, it is 
povrerfully explosive: the explosive limits with air are from 3.2 to 34%. 

The principal source of ethjdene at present is the gases from the stills used 
in the cracking of petroleum. During the great war it was made by passing 
alcohol over clay heated to o00°-600°. Ethylene is used as an anesthetic, 
mixed wdth carbon dioxide as a stimulant; oxygen was formerly used for this 
purpose instead of carbon dioxide, but gave rise to serious explosions in cor- 
pore.^^® It is used in a dilution of 1 part per million to color or age ” fruit; 
one cubic foot per day introduced into a 5000 cubic foot room produces a 
beautiful golden color in oranges— without, in some cases however, imparting 
the flavor that goes with 

Quantitative Determination. — Ethj’lene is determined by absorption with 
fuming sulfuric acid containing about 2.'j% of the trioxide; Worstall states 
this may appreciably attack the saturated hydrocarbons if the time of absorp- 
tion be more than 15 minutes. Inasmuch as the vapor tension of sulfuric 
anhydride is higher than that of water, the gas should be passed into the potash 
pipette to remove this vapor as well as any sulfur dioxiile which may be formed. 
Bromine water may equally well be employed, followed by treatment with 
potash. In case of the determination of illuniinants in coal or water gas, 
bromine water is almost universally used, as it is more rapid: benzol and its 
homologues while theoretically unattacked by bromine water are mechanically 
dissolved. 

Acetylene (Ethine), C 2 H 2 , was discovered and analyzed by Edmund Davy in 
1836, who prepared it from the black residue obtained in making potassium 
from cream tartar and charcoal. Berthelot made a thorough investigation of 
it in 1859. It is formed by the incomplete combustion of many gases and 
volatile liquids: it was the first hydrocarbon to be synthesized from its elements, 
by pa.ssing an electric arc between carbon poles in an atmosphere of hydrogen; 
it may aLso be made by treating ethylene bromide with alcoholic potash, or as 
now commercially produced by the action of water upon calcium carbide 

“Boston Herald/’ Jan. 24, 1931. 

“»C. A., 23, 218 (1929). 

J. Am. Chem, Soc., 21, 245 (1899). 

*** The early preparation of calcium carbide i.s interesting: Willson at Spray, N. C., 
was endeavoring to make metallic calcium by heating a mixture of tar and slakeH lime 
in the electric furnace. Instead of getting a bright beautiful metal, a clinker was ob- 
tained, which so di.sgusted him that he threw it into the river. This treatment was 
promptly followed by the boiling up of the water, bubbles of gas being evolved, which 
bumra when ignited, with a brilliantly luminous flame. Some of the clinker was sent 
to E. N. Dickenson, a patent lawyer of New York, with the request to ascertain what it 
and the evolved gas were. The answer was returned that the clinker was calcium carbide 
and the gas acetylene. Bee also Wyatt, Eng. and Min. J., 58, 556 (1894). 
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generators m which the carbide is dropped into the water are the preferable form 
The yield is about 5 cubic feet to the pound or about 11,000 cubic feet per ton’ 
Acetylene when pure has a pleasant ethereal odor; as ordinarily generated’ 
the odor 18 unpleasant due to compounds of sulfur and phosphorus’ air contain- 
ing 9% can be breathed without ill effect but this mixture is very explosive- 
the poisonous properties which it is said to possess are due to the sulfur phos- 
phorus and arsenic compounds contained in it.^^s is a trifle lighter tUn air 
and dissolves m an equal volume of water at 20°; alcohol dissolves 6 times as 
much and It is quite insoluble in saturated brine. It is very soluble in acetone 
(1 ml. atT5 dissolves 23 ml. and expands about 5%) and particularly under 
pressure at 12 atmospheres (180 lbs.) it holds 300 volumes. Tt burns in the air 
with an intensely luminous flame of 240-250 candlepower, at 5 cubic feet per* 
hour, the light approaches daylight the most closely of any gas light. 

At a pressure of 903 lbs. (63 atmospheres) and 10° acetylene condenses to a 
Hquid which solidifies at -81°, and which it was hoped could be shipped in 
cylinders, and thus solve the problem of the lighting of isolated houses, but 
after serious explosions in Paris and Hartford, this was abandoned: the cause 
of the explosions could not be determined for lack of witnesses.i^a It may have 
been due to the fact that acetylene being an endothermic compound (47,700 
calories being absorbed when it is formed), this same amount of heat becomes 
free when it is decomposed and expands the hydrogen left by the decomposition 
(which is equal in volume to the acetylene originally present) producing a 
pressure,^ which, coupled with that already existing in the cylinder, is sufficient 
to burst it; a shock or the detonation of the acetylide of copper would be suffi- 
cient to have initiated the explosion. 

The explosive limits of acetylene and air vary, according to different ob- 
servers, from 2.5 to 73, or 1.5 to 80.5%,^^^ with the maximum effect at about 
7.8. The ignition temperature is 480®, the temperature of the oxyacetylene 
flame is said to be the same as the electric arc (over 3000°) and is consequently 
extensively employed in welding and cutting metals even under water! 

Qualitative Test. — The reddish-brown coloration produced by contact with 
ammoniacal cuprous chloride. 

Quantitative Determination. — By absorption in bromine water, 'or fuming 
sulfuric acid, and subsequent treatment with caustic potash: when passed 
through ammoniacal cuprous chloride solution a reddish-brown precipitate of 
acetylide of copper is precipitated. This is explosive if allowed to dry. Conse- 
quently it must always be kept moist. The precipitate is filtered off, washed 
free of copper, and dissolved in hydrochloric acid: in case traces of the copper 
acetylide remain uiulissolved, the filter is dried, burned, the ash treated with a 
few drops of nitric acid to dissolve the copper oxide and added to the acid 
solution above; the copper is here determined electrolytically or in any con- 

^ Chem. Ind., 20, 53. 

cylinder of compressed acetylene at about 15 atmospheres (without acetone) 
was not detonated by the fall of a 5d0-pound pile driver weight 20 feet, nor by a rifle 
bullet shot through it: when put upon a wood fire — as in a burning car wreck — ^it de- 
tonated splendidly, and fairly promptly. When liquefied, it is explosive at 560 lb. 
(38 atmospheres) and exerts, when exploded, a pressure of 40 tons per sq. in. (5500 
atmospheres). Wolff, Z. luigew. Chem., 11. 919 (1898). 

Burrell and Oberfell, Bur. Mines Tech. Paper, 112. 

^ International Critic^ Tables. 
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venient way. The copper in small quantities may be determined colon- 
metrically.^*® 

Acetylene dissolved in acetone, Prestolite/’ finds use for illuminating pur- 
poses (trucks), cutting and welding metals. The cylinders of mild steel about 
1/8 inch thick are filled with discs of compressed asbestos, then with acetone, 
into which the gas is pumped under a pressure of about 225 lbs. (15 atmos- 
pheres). Great care must be taken in handling these cylinders, not to drop 
them: the WTiter has read of a case in London and also known of a case in 
Boston in w^hich fatalities occurred by dropping a small cylinder about a foot 
upon a concrete floor. In the latter case a flaw' in the wall of the cylifider left it 
but half the usual thickness. 

The fact that the action of moisture upon calcium carbide produces acety- 
lene may be utilized to determine water in organic compounds or in other 
cases. 

Acetylene can be purified from arsine or phosphine by passing through 
bleaching powder solution (Lunge) or chromic acid (Lnimann).^^* 

Nitrous Oxide, N2O, was prepared by Priestley in 1772 by the reduction of 
nitric oxide, perhaps with moist iron filings. It is at present made by heating 
ammonium nitrate, XH4XO3 == X2O4- 2H2O. It is noteworthy that it is 
evolved w'hen zinc is treated with very dilute nitric acid. 

It is a colorless gas 50% heavier than air, with a pleasant smell and taste: 
when inhaled, it produces a temporary anesthesia with hysterical effects, giving 
rise to the name of “ laughing gas”: at 20“ water dissolves 0.7 its volume, al- 
cohol about 4 times as much ; it boils at — 89.8®. It is a supporter of combustion 
but not of respiration. Liquid nitrous oxide has a pressure of 820 lbs. (55.4 ats.) 
at 20“ and is still sold by the gallon, cylinders of 100, 150 and 450 gallons (60 
cu. ft.) being available (100 gallons weigh 1 lb. 9 oz.). It is used in minor surgi- 
cal operations and as an anesthetic preliminary to ether or chloroform, 

Determination.~By explosion with hydrogen, if the volume of the hydrogen 
be 2 to 3 times the volume of the nitrous o.xide, the combustion is aided by 
mixing detonating gas (H2-f 0) so that there are between 26 and 64 volumes of 
combustible gas to every 100 volumes of incombustible gases, w’hich are the 
Bunsen ratios. 

It should he tested for chlorine and nitric oxide.^” may also have a bad 
odor of rancid oil from the ohl petroleum oil u.sed in lubrication of the com- 
pressor cylinders, which has passed through the filters. 

Nitrogen was recognized as a definite body in 1772 by Rutherford of Edin- 
burgh, who called it mephitic airi^ ; Priestley in the same year found that the 
residue after carbon had been burned in air, and the gas thus generated ab- 
sorbed, would support neither combustion nor life, and amounted to 4/5 of the 
air originally used. It is prepared by burning the oxygen out of air with 
phosphorus, or hot copper, and by the fractionation of liquid air. This nitro- 
gen contains about 1% of the noble gases” ; the pure gas is obtained by heating 
ammonium nitrite solution, XILX02== N2+2H2O. The ammonium nitrite 

Weaver, 8ci. Paper Bur. Stds, Xo. 267 (1916). 

See also Mathv, Petr. World, 32, 59 (19:15). Slottman, Oil and Gas J., 34, 52 
(1936), says it is still the best and cheapest, as it uses the least oxygen. 

»»Berichte, 12, 32 (1879). 

A, 18,2789 (1924). 
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solution IS best prepared by mixing strong solutions of ammonium chloride 
and sodium nitrite ; the oxidation of ammonia or reduction of nitric oxide also 
yields the pure gas. 

It is a colorless, tasteless and odorless gas, a trifle lighter than air: it is very 
slightly soluble in water, 1 ml. dissolving at 20° 0.015 ml., and alcohol about 10 
times as much: it boils at -195.5° (13° lower than oxygen). It is shipped in 
the usual 220 cu. ft. cylinder under a pressure of 1800 pounds per square inch 
It is a remarkably inert gas, combining directly with but few elements: lithium’ 
magnesium, barium and calcium form the nitrides, which when moistened yield 
ammonia." Strutt finds that when nitrogen containing a trace of oxygen 
or other gases is subjected to an electric discharge at low pressure, this modified 
nitrogen acts upon mercury, phosphorus, acetylene and other organic com- 
pounds. 

Determination —ISdtrogen is energetically absorbed by metallic calcium 
heated to redness. Fischer has shown that both nitrogen and oxygen may 
be absorbed by calcium carbide at a temperature of about 800°. Other gases 
must of course be absent. Nitrogen can be determined in gases by combustion 
with hot copper oxide after the procedure for the determination of nitrogen in 

organic com pounds. jg carbon dioxide, the 

gases burned, the tube again swept out, the carbon dioxide absorbed, and the 
residual nitrogen measured. 

Nitrogen is used industrially in making synthetic ammonia, which may 
be oxidized to nitric acid. (This discovery prolonged the great war for years.) 
Bradley and Love joy made nitric acid by passing an arcing current through the 
air using copper terminals: it was not found to be economical. Were not heat 
absorbed in the combination, which must be supplied from an external source, 
the atmosphere would be sot on fire and wholly consumed. 

Carbon ozysulfidC) COS, Carbonyl Sulfide, was discovered by Than in 
1867. It is probably contained in sulfur Avaters and illuminating gas. It is 
made by the action of about 50% sulfuric acid upon potassium or ammonium 
sulfocyanate, KCNS + HnO+ 2 H.S 04 = COS+KnSO4+NIl4llSO4. It is a 
colorless gas, odorIe.‘^s, when pure, about twice as heaAy as air, readily inflam- 
mable and poisonous: 0.8 ml. dissolves in 1 ml. of water at 13.5° in which it 
slowly decomposes giving H^S and CO 2 . The gas could perhaps be determined 
by alcoholic potash : 1 part potassium hydroxide in 2 parts water and diluted 
with an equal volume of alcohol: 1 ml. absorbs 72 ml. COS. 

Gases of the Helium Group — the noble gases; Helium, Neon, Argon, 
Krypton, Xenon (and Niton) : sometimes also called the noble gases, be- 
cause, like the noble metals, they are unaffected by chemical agents. 

Helium, He. — Lockycr in 1868 observed in the spectrum of the sun a line 
very close to the double sodium line, and as it corresponded to nothing ter- 
restrial, the element producing it received the name helium from the Greek 
Word elios, the sun. It has since been found in the air, in mineral waters, rare 
minerals, and by Cady .and McFarland of Kansas, in the natural gas of the 


*“Proc. Royal Society, 85 (l911)-93 (1917). 

Ber., 41, 2017 (1908). 

New, J. Soc. Chem. Ind., 11, 415 (1892). 

Ann^on Supp., 5, 236. Hcmpcl, F. Ang. Chem., 14, 865. 
^ J. Am. Chem. Soc., 29, 1523 (1907). 
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Mid-continent and Gulf regions and also Canada, to the extent of 1.84%, 
Recently a gas containing about 7% has been discovered. Before the war it 
cost S1300 per cubic foot, but at present about $7 per thousand cu. ft, it is 
obtained from the natural gas by compression and cooling. It is present in air 
to the extent of 1 part in 250,000, and has been obtained from liquid air by 
fractionation. It is also evolved from an aqueous solution of radium bromide. 
It is twice as heavy as hydrogen, much less soluble in water, 1 ml. at 20“^ 
dissolving 0.0138 ml. — the most insoluble gas, and boils at about —268.5°. 
It is detected by the spectrum, the double D3 line being very characteristic, 
along with seven others. It is used as balloon filling, for the yellov/ vacuum 
signs and for lamp filling. Mixed with 1/5 oxygen it is used on account of its 
slight solubility in the bIf)od to enable divers to come back to normal pressure. 

Neon, Ne (Neon the new gas), occurs in the air to the extent of 1-2 parts per 
100,000, and also in the gases from certain springs. It is prepared by the dis- 
tillation of the crude argon from liquid air. It is 10 times as heavy as hydrogen, 
boils at —245.9° and is distinguished by the brilliant red spectrum. This finds 
extensive industrial use for signs but the gas leaks out eventually through the 
seals of the wires in the tubes. The blue signs are a mixture of mercury vapor 
and neon, the green are the same as the blue u.sing an amber tube. 

Argon, A (Argon idle). — Lord Rayleigh obserx ed that a liter of atmospheric 
nitrogen weighed 7 milligrams more than chemical nitrogen, showing heavy 
gases in the air: Cavendisli in 1785 had j:)erformed a similar experiment with a 
like result. Rayleigh and Ramsay repeated the experiment, absorbing oxygen 
with hot copper, nitrogen with hot magnesium, introducing oxygen, sparking 
the residue, absorbing the nitrous fumes in alkali, and removing oxygen, the 
gases being circulated for about a week. About 1% of a gas was obtained, 
having a density 20 times that of hydrogen and an orange spectrum; it forms no 
compounds, whence its name. The density of the pure gas is 19.9 and the boil- 
ing point — 186.1°. 

Krypton, Kr (Krypton hidden), occurs in the air to the extent of 1 part in 20 
million: its boiling point is —151.7°, density 41.5, and gives a yellowish-green 
spectrum. 

Xenon, X (Xenon stranger), is the least abundant gas, occurring in the air to 
the extent of 1 part in 170 million: its boiling point is — 100.9°, density 65.3 and 
gives a blue-green spectrum. These last four gases are obtained by the careful 
fractionation of liquid air. 

Niton, Nt, is the emanation produced when an atom of helium is expelled 
from an atom of radium. 


APPLICATIONS OF GAS ANALYSIS AND INTERPRETATION 
OF RESULTS 

It is only within comparatively recent times that Gas Analysis has assumed 
great importance. The reasons are that the substances with which it deals are 
80 intangible, the apparatus is complicated and fragile, and until lately, com- 
petition has not compelled manufacturers to seek every possible source of loss. 


"Ind. Eng. Chem., 24, 1435 (1932). 
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Some of its applications are to: 

I. Chimney and flue gases; 

II. Producer and fuel gases; 

III. City gas; 

IV. Sulfuric acid gases; 

V. Mine gases ; 


VI. Electrolytic gases; 
VII. Acetylene; 

VIII. Atmospheric air; 
IX. Natural gas. 


I. Chimney and Flue Gases 


Here tlTe object is to keep the carbonic acid (CO 2 ) as high -as possible, and to 
avoid the formation of carbon monoxide: in large plants every additional 
per cent of carbonic acid means the saving of tons of coal. Savings of 20 to 33% 
by the use of gas analysis alone have frequently come to the writer’s notice. 
A satisfactory procedure is to post in the fire-room the percentage of carbonic 
acid obtained by each stoker, and stimulate a rivalry among the men — a bonus 
in the pay envelope is also effective. The determinations to be made are: 

Analysis of Chimney Gases. — Determination of carbon dioxide, oxygen, 
carbon monoxide, nitrogen, and in some cases hydrocarbons. For this purpose 
the Orsat apparatus is widely employed : the hydrocarbons may be determined 
by the Burrell apparatus. These need not be sought unless the carbon mon- 
oxide is more than 1%. 

Usually a few determinations of carbonic acid will suffice, but for regular 
work the installation of some form of registering carbonic acid indicator is ad- 
visable. 

Carbonic Acid Indicators.^^® — These usually depend upon the principle of 
collecting 100 ml. of the gas, causing it to pass through a suitable absorber and 
collecting the residue in a bell which floats to a greater or less height according 
to the residual volume. The fluctuations of this bell are recorded after the usual 
manner of self-registering barometers or thermometers: the usual time for this 
analysis and record is five minutes. 

By modifying this apparatus slightly, it can be applied to the determination 
of any absorbable gas as, for example, sulfurous acid or chlorine. It has been 
adapted to carbon monoxide absorption, but it is not usual or easy, 

Haber employs the refractive index of gases to determine the amount of 
carbonic acid in chimney gas; it gives results within half of 1%; it has also 
been applied to other gaseous mixtures. The instrument is called the Inter- 
ferometer or Gas Refractometer and is made by Zeiss of Jena.^’* 

Another method for the determination of carbonic acid makes use of the 
heat conductivity of the different gases; carbonic acid has but about 60% of 
the heat conductivity of air. Consequently a wire will be hotter in it than in 
air, all other conditions being the same. This increase in temperature of the 
wire increases its electrical resistance, from which the per cent of carbonic 
acid can be determined. The description would take us beyond the limits of 


See Bureau of Mines Bulletin No. 91, “Instruments for Recording Carbon Dioxide 
in Flue Gases. Also Power, 51, 784 and 1058. 

angew. Chera., 19, 1418 (1906); ibid., 25, 1393 (1910). 

•>' Bmmu of'hines TTChii’ral Paper 185, “ Use of the Interferometer in Gas Analysis,” 

1918. 
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this volume ; according to Palmer and Weaver it is by far the best method 
for the determination, being accurate, sensitive, easily operated and of moderate 
cost. 

The ‘‘ Ranarex’^ recorder, an English instrument, consists of two fans 
rotating each in its own chamber by the same electric motor: these fans cause 
discs opposite them to rotate, one in air, and the other in the chimney gas. 
Different torques are produced, depending upon the density of the gas in which 
the discs rotate: this difference is transmitted by levers to a pointer which 
indicates the per cent of carbonic acid. 

The Determination of Temperature. — This is done by inserting a ther- 
mometer, mounted in a metal tube, on the chimney side of the gas sampling 
tube. Care should be taken to protect it from radiation to and from the walls 
of the flue. They resemble those used for determining steam temperatures or 
for “ running varnish. It should register to 360® and, under certain cir- 
cumstances, one showing 550® may be desirable. A chemical thermometer 
with long stem may also be employed ; it should never be inserted naked into 
the flue — as a sudden hot blast may break it — but always in a tube of cotton- 
seed oil or sea sandd'*^ These thermometers should be tested for accuracy by 
comparison with a standard, in a carefully stirred oil bath. The standard 
should be kept exclusively for the purpose and be allowed to stay in the bath 
until cool. Sudden cooling of a thermometer changes tbe zero point. The 
standard can be certified by the makers or the United States Bureau of 
Standards. 

Electric pyrometers are also of course available for these measurements. 
An error of five degrees (5°) in the reading of the thermometer affects the final 
result by about 20 calories. 

In case none of these appliances be at hand, the maximum temperature can 
be determined by utilizing the melting-points of certain pure salts or metals; 
as tin 232®, bismuth 270®, cadmium 302®, lead 327®, zinc 419®, cadmium chloride 
541®, antimony 630®, etc. These can be suspended in the chimney in small 
covered cast-iron boxes. 

Composition of the Coal. — This is determined by the usual methods of 
organic combustion and is required only for very accurate work. 

Calculation : 

a. Heat passing up chimney; 

b. Pounds of air per pound of coal. 

(fl) Heat Passing up Chimney. — The accurate calculation resolves itself 
into finding what volume of gas of the composition determined by analysis 
would be produced by a kilo of the coal used, the analy.sis of which in known. 
The temperature of the escaping chimney gases being also known, and tlieir 
specific heat, the quantity of heat they carry off can be calculated: this divided 
by the calorific power of the coal gives the per cent of heat lost in the cliimney 
gases. The calculation i.s rather long and will be found in detail in the author s 
book.*^ 

Bur. Stds. Tech, Paper 249; also Ind. Eng. Chem., 12 , 359 and 894 (1919). 

Grant, Industrial Chemist, 2, 435 (1926). 

With rounded grains, not river sand, as it would make scratches. 

"Gas and Fuel Analysis for Engineers,” Wiley. 
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The formula of Shields: 


Per cent heat lost == 


Per cent carbon in coal ^^ 200+per cent CO 2 
Heating value of coal Per cent CO 2 + per cent CO 


Xrise in temperature in ° C.X0.2864, 

gives results usually 0.5% low, as no cognizance has been taken of the water 
vapor. 

Anothef formula in which only the carbon dioxide and its temperature 
enters was proposed by Bunte and gives close results. 

For every per cent of carbonic acid present 43.43 calories per cubic meter of 
flue gases have been developed = W ; C = specific heat of the flue gases per cubic 
meter; then W jC represents the initial temperature (which is never attained) 
the ratio of which to the actual exit temperature of the flue gases shows the 
heat lost. If P = this initial temperature and t the rise of temperature of the 
flue gases, then tjT represents the heat lost in the chimney gases. 

The following table gives the data for the calculation for both pure carbon 
and coal of average value. 

If there were 11.5% carbonic acid, the initial temperature T would be 
1762'"; the rise of temperature in the chimney gases is 250°, the loss is 250/1762 
or 14.2%. The accurate calculation gives 14.1. 


1 

IVr Cent of COj in 
Chimney Gas 

Specific Heat of i 
Chimney { las 

i 

Initial Temperature, W/C, ® C. 

For Carbon = T 

For Coaler 

Diff. for 0.19^; CO* 

1 

0..30S 

141 

167 

16 

2 

0.310 

2S0 

331 

16 


0.311 

419 

493 

16 

4 

0.312 

557 

652 

15 

5 

0.313 

694 

SOS 

15 

6 

0.314 

830 

961 

15 

7 

0.315 

962 

1112 

15 

S 

0.316 

1006 

1261 

15 

9 

0.31S 

1229 

1407 

14 

10 

0.319 

1360 

1550 

14 

11 

0.320 

1490 

1692 

14 

12 

0.322 

1620 

1S30 

14 

13 

0.323 

1750 

1968 

13 

14 

0.324 

1880 

2102 

13 

15 

0.324 

2005 

2237 

13 

16 

0.325 

2130 

I 2366 

1 



Finally, for very rapid work, Bunte ’s Fig. 368 may be used. The results 
are within 2% for about 12% of carbonic acid. It is used by noting the point 
where the diagonal line representing CO 2 cuts the ordinate of temperature — 
the abscissa corresponding to this point represents the per cent loss. 


Power, 30 , 1121 (1909). 

J. f. Gasbeleuchtung, 43 , 637 (1900). 
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The following table shows roughly the excess of air, and per cent of heat lost 
in the chimney gases, their temperature being 518® F. 


Per cent CO 2 . . . 2 
Vol. air more 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

than theory 
= 1.0 9.5 

6.3 

4.7 

3.8 

3.2 

2.7 

2.4 

2.1 

1.9 

1.7 

1.6 

1.5 

1.4 

1.3 

Per cent loss of 














heat 90 

60 

45 

36 

30 

26 

23 

20 

18 

16 

15 

14 

13 

12 


« 


If the oxygen be from 1.5% to 2% with the temperature of escaping gases 
at 400-500® F,, the fires are too thick ; if it be more than 8% they are too thin. 


per Cent Efficiency 



Fig. 368. 


(b) Pounds of Air per Pound of Coal . — This can be determined by calculat- 
ing the ratio of carbon to oxygen in the carbonic acid and carbon monoxi<le 
and oxygen of the chimney gases, or by the formula of Shields.^" 


Pounds of air per pound of coal ^2.31 


Per cent of carbon in coal 
Per cent C02+per cent CO 


Lockwood has shown how to calculate the excess of air without the use 
of atomic weights or other constants, from recently developed formulae. 


Already cited. 

Power, 58, 461 (1923). J. Soc. Automotive Eng., 12, 299 (1923). 
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fheorelicol Air per Pound of Combustible. 

18.3N2+34.8C0-69.60, 

0.525N2+5CO+4C02-202‘ 

Substitute per cents of Nj, CO 2 , etc., as found by the Orsat apparatus. 

This formula as well as those including (9) applies to all fuels, solid, liquid 
and gaseous, except producer and blast furnace gases, where the amounts of 
nitrogen and sulfur are negligible, and no free hydrogen or combustible but CO 
is in the flue gas. 

Actual Air Used per Pound of Combustible. 


0.525N2-h5CO+4CO2-2O2‘ ^ 

Checking Orsat Gas Anahjsis. — (a) Compare theoretical air weight as 
obtained by (1) with that calculated from the fuel analysis. 

Table A shows the theoretical air required for perfect combustion for dif- 
ferent fuels. 

Table A 

Theoretical Air Required for Perfect Combustion 


Tlieorfitical Air 

Vul. Matter per Pound of 

% Combustible 


Pure carbon 

Gas coke 

Anthracite coal 

Semi-bituminous coal 

Bituminous coal 

Gasoline (CcHu) 


0 

11.6 

2.,5 

11.82 

6.2 

12.22 

21.0 

12.65 

37.0 

12.85 


15.21 


(b) Equate the expressions for theoretical air from the gas analysis formula 
(1) and from the fuel analysis. 

COi+wO^+nCO^^A-. (3) 

Table B shows the different values for these constants for different fuels. 


Table B 

Constants to Check Orsat Analysis 


Furl 

m 

n 

Jt 


1.00 

0.60 

20.9 

20.35 

Oas coke 

0.98 

0.614 

Anthracite coal 

0.95 

0.63 

0.645 

19.52 

bemi-bituniinous coal * ■ 

0.01 

18.7 

Rituminous coal 

0.88 

0.652 i 
0.71 

18.4 

Gasoline 

0.70 

14.5 
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Lockwood gives five other formulae which may be useful, as follows: 


Dt7j ga^ 'per pound of combustible - 


22C02+1602+14(N2+C0) 

O.525N2-H5CO+4CO2-2O2’ 


Percentage of excess air = 


69.6O2-34.8CO 

l8.3N2-f34.8CO-69.6O2_ 


xioo.. 


Water vapor per pound of combustible = 


4.77N2-9C0-18(C02+02) 

0.525N2+5CO+4C02-202‘ 


72- 



Fiq. 369. Brownlie ''Combustion,** April, 1923. 
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Percentage of carbon in combustible 
Percentage of hydrogen in combustible 


[o.525> 


6(C02+C0) 
525N2+5C0+4C0j-20j 


XIOO. (7) 


, r o.525N2-CO-2(COi + Qi) ] 
Lo.525N2+5CO+4C02-20,J ® 


Ratio of carbon to hydrogen in combustible = 


6(COo+CO) 


0.525N2-CO-2(CO,+02)* 


(9) 


Loss Due to Carbon Monoxide.— For every gram of carbon burned to car- 
bon monoxide there is a loss of 5.66 calories. This is shown graphically in 
Fig. 369. Tag-Mono Duplex Loss Chart; vertical distances (ordinates) show 
loss, horizontal distances (abscissae) per cent CO- in the chimney gas; the 
numbers inside the circles the per cent of CO. For example the loss with 14% 
CO 2 is 13, but if at the same time there be 1% CO, it becomes 20, found by 
following the curve to the circle with 1 in it. Hence 12% CO 2 with no CO is 
better than 13% CO 2 with 0.5% of CO. 



Fio. 370. Marx’s Chart. 
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For gas, Marx's Chart, Fig. 370, is useful.^*® From the Orsat Analysis it 
shows the maximum CO 2 , excess air, the B.t.u. in the gas and the number of 
cubic feet of air required for combustion. 

Smoke. — For the determination of the amount of smoke in the chimney 
gases, use may be made of the Ringelmann smoke scale. This consists of a 
series of rectangles ^ in. X 3^ in. filled with cross-hatching lines a greater or 
less distance apart, with which the density of the smoke can be compared. 
Or the Eddy smoke recorder may be employed ; this consists of a tube of stand- 
ard length through which the smoke gases are drawn. A standard electric 
light is fixed at one end of the tube and viewed through the smoke; its density 
is measured by the extent to which the light is obscured and by a photoelectric 
cell. 


II. Producer and Fuel Gases. Blast-furnace Gas 

Here the object is the reverse of that in the chimney gases, to keep the 
percentage of carbon monoxide as high as possible and, for gas-engine purposes, 
the per cent of hydrogen constant. 

The determinations made are the same a.s in chimney gas — CO 2 , 0, C0,^“ N, 
and oftentimes hydrogen and hydrocarbons; the quantity of dmt is sometimes 
important. The heating value is determined as in city gas, p. 2391. The 
efficiency of conversion would be found by measuring the number of cubic feet 
of gas made per ton of coal gasified ; the calorific power of each (gas and coal) 
being known, their quotient represents the efficiency. The heat contained in 
the gas due to its sensible heat, found after the manner of calculating the loss 
in chimney gases (i.e., volume gas X weight X rise of temjxjrature X specific heat), 
is to be added to this for accurate work. 

As showing producer gas practice, the following typical analyses are cited: 



.\nthra- 
1 cite ‘i* j 

Bitu- 

^ minouM 

Blue 

Water 

Gas 

Lignite 

Peat 

Tan 

W'ood 

CO 1 

27.0 

27.0 

45.0 

22.0 

30.6 

14.2 

1:1.3 

H, 

12.0 

12.0 

45,0 

9.6 

6.1 

8.7 

21.0 

CH^ 

1.2 

2.5 

2.0 

1.6 

5.1 

5.6 

2.6 




0.4 


0.7 



0..3 

CO 2 ; 

' 2.5 

2.5 

’ 4.6 

6.4 

.5.7 

\5.Q 

16.0 



57.0 

55.3 

2.0 

.58.9 

.52.5 

.5tf.0 

46.7 

0 , 1 

0.3 

0.3 

0.5 

0,8 


0.4 

0.1 

B.t.u 

i 

137 

157 

322 



132 

140 


148 p. Marx, The Refiner and Natural Gas Manufacturer, 10, 121 (1931). 

Power, 40, 60; also Carter, Power, 74, 678 (1931). 

*“Tech. Paper 106, Btireau of Mines, Asphyxiation from Blast Furnace Gas. 

With .38.7% IW, 3.2% ash. ^ ^ _ 

*•* From ''Gas Prfxlucers and Producer Gas Power Plants,” R. D. Wood & Co., 
‘“Richards, J. W., J. Frank. Inst., 415 (1900), quot^ from V. Ihering, 
Maschinen.” 
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Down 

Draft 


Suction 

Pressure, i 
Tay- 1 
lor 

Mond 

Blast Fur- 
nace 

Siemens i*’ 

CO 

17.5 

18.3 

26.0 

; 22-30 

16.0 

24 

28 

H2 

1 11.8 

12.9 

18.5 

l.>-7 

24.0 

9 , 

2 

CH^ 

1 1.1 

3,1 

0.5 

3-1.5 

2.2 



CzH^ 

1 .04 

0.2 




2 

0 

CO 2 

9.2 

9.8 

* 8.0 

6^1.5 

12.1 

12 

3 

N 2 

O 2 

60.1 

0.2 

55.6 

.04 

47.0 

54-60 

45.4 

0 

60 

65 

B.t.u 

110 

. 

145 ' 

138 ’ 

146 

106 ' 

122 ' 


Determination of Dust.— Liddell recommends the following: lump sugar 
is crushed, and that which is retained by a 90-mesh sieve packed in a 2-in 
layer upon copper or brass gauze contained in a glass tube. The sugar is 
slightly moistened and the gas sucked through it: it is then dissolved in water 
and the dust collected upon a tared Gooch crucible and weighed. Another 
procedure and apparatus recommended by the Sargent Steam Meter Co., of 
Chicago,^®® consists in sucking the gas through a diaphragm consisting of a 
weighed filter ins. in diameter, drying and noting the increase in weight. 
The U. S. Steel Corporation uses the Brady dust filter consisting of a Scxhlet 
thimble 33 X75 mm. in a suitable case, which is inserted in the gas stream. For 
details of the sampling and procedure which requires careful w'ork, reference 
may be had to an article by Brady and Touzalin.i®<^ The dust should not 
exceed 0.01 grain per cu. ft. at 62° F. and 30 inches. For the methods of 
cleaning gases see Mark's Handbook, also Prausnitz, J. Ind, Eng. Ch., 4, 430 
(1932). 


III. City Gas 


The determinations usually made are as follow^s: 

«. Candle power (rarely done); 

b. Calorific power; 

c. Sulfur; 

d. Ammonia; 

e. Analysis; 

/. Carbon dioxide; 
g. Specific gravity ; 

L Tar, 


From “Gas Producers and Producer Gas Power Plants,” R. D, Wood & Co., 1906. 
With anthracite buckwheat, 

“R6fium6 of Producer Gas Investigations,” Bureau of Mines Bulletin 13, Femald 
and Smith. 


Richards, J. W., J. Frank, Inst,, 4b'i (1900), quoted from V. Ihering, “Gas 
Maschinen.” 

Power, 38, 93. 

J. Ind.’ Eng. Chem., 3, 662 (1911). 

Circular 48, Bureau of Standards, “Standard Methods of Gas Testing,” 1916. 
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(a) Candle Power. This can be very satisfactorily found using a GO-in. 
open-bar photometer and Leeson contrast disc. The gas should be burned from 
a burner commercially obtainable which gives the highest candle power; for 
gas from 14 to 21 candle power, Sugg’s London argand burner, sizes C to F 
should be used ; for richer gases, Sugg's table top or the Bray slit burner. For a 
standard of comparison, the sperm candle is 
convenient, satisfactory, and very extensively 
used: the Elliott kerosene and Hefner amyl 
acetate lamps are also employed. 

For accurate work the Eummer-Brodhun 
disc and electric standards, or the Hefner lamp 
should be used. For the determination of can- 
dle power, reference may be had to Circular 
No. 48 of the Bureau of Standards on “ Stand- 
ard Methods of Gas Testing," 1914, or Stone, 

“ Practical Testing of Gas and Gas Meters." 

Carburetted water gas shows from 20-28 
candle power, coal gas 14-20, oil gas 45-60, oil- 
air gas 30-35, gasoline 12-17, acetylene 170-200. 

Inasmuch as 75% of the gas now made is 
used for its heating power (mantle burners), the 
candle power is infrequently determined. 

(b) Calorific Power, (fl) Direct Determi-- 
nation . — This is often determined by the Junkers 
calorimeter, although otliers in use are the 
Sargent, Doherty, and in England the Boys and 
Simmance-Abady. 

The Sargent calorimeter is shown in Fig. 

372 and in section in Fig. 371. It consists of a 
combustion chamber surrounded by a water 
jacket, this being traversed by a great many 
tubes. To prevent loss by radiation this water 
jacket is surrounded by a closed annular air Fig. 372. 

space, in wliich the air cannot circulate. The 

whole apparatus is made of copper as thin as is compatible with strength. 
The water enters the apparatus at the top (water inlet), passes by a ther- 
mometer and through the inlet valve, circulates around the apparatus, and 
passes out a thermometer to the measuring or weighing vessel: this can be 
shunted in and out by electrical connections at the meter. 

There is not only a very large surface of thin copper between the gases and 
the water, but the two move in opposite directions, during which process all the 
heat generated by the flame is transferred to the water, and the waste gases 
leave the apparatus approximately at atmospheric temperature. The gas to be 
burned is first passed, to insure constant pressure, through a pressure-regulator 
and then through a meter, Fig. 373. The source of heat in relation to the unit 
of heat is thus rendered stationary ; and in order to make the absorbing quantity 
of heat also stationary, two overflows are provided at the calorimeter, making 
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the head of water and overflow constant. The temperatures of the water enter- 
ing and leaving the apparatus can be read by the thermometers as shown 
before; the quantities of heat and water passed through the apparatus are 
constant. As soon as the flame is lighted^ the mercury in the out-going ther- 
mometer will rise to a certain point and will remain nearly constant. 

Manipulation. — The calorimeter is placed as shown in Fig. 373 so that one 
operator can simultaneously observe the two thermometers of the entering 



and escaping water, the index of the gas meter, and the measuring or weighing 
apparatus. 

No draft of air must be permitted to strike the exhaust of the spent gas. 

The water-supply tube is connected with the nipple in the center of the 
upper container; the other nipple is provided with a waste tube to carry away 
the overflow, which latter must be kept running while the readings are taken. 

The nipple, through which the heated water leaves the calorimeter, is 
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connected by a rubber tube with the graduate or a weighed can. The con- 
densed water of the apparatus is caught in a small graduate. 

The thermometers being held in position by rubber stoppers and the water 
turned until it discharges, no water must issue from the drain tube for con- 
densate, Fig. 371, as this would indicate a leak in the calorimeter. 

The inlet water valve is now set to allow about two liters of water to pass in 
a minute and a half, and regulate the gas to flow at the rate of 4 to 7 cu, ft. per 
hour as may be found to give the highest result with the gas tested. Adjust 
the air so that the flame shows a slight luminous tip, insert the burner as far as 
the brackSt permits and observe the condition of the flame in the mirror. The 
excess of air should be as low as possible, and is controlled by the damper in 
the exhaust port: start with the damper closed, then open slightly, observing 
the outlet thermometer when this reads at a maximum, i.e., when the greatest 
heat is given, up to the water the damper is in about the correct position. 

The flow of water should be regulated so that the temperature of the out- 
going water and gas exhaust are the same or differ by no more than 3° C.: the 
difference between the in-coming and out-going water should be about 10® C. 
The temperature of the inlet water is noted, the reading of the gas meter taken, 
and at this same time the outlet tube changed from the funnel to the graduate. 
Ten successive readings of the out-flowing water are taken while the graduate 
(2-liter) is being filled and the gas shut off. 

A better procedure is to collect about 10 liters of water and weigh it. The 
thermometer in the outlet can then be read every half minute. For the pro- 
cedure of the Bureau of Standards, see pp. 2431-2433. 

Calculations. — The volume of gas, V, is determined by the difference in the 
meter readings: this must be reduced to operating conditions, i.e., 60° F., 30 
inches and saturated with moisture. The height of the barometric column 
must be reduced to 0°: this is done by observing its temperature and referring 
to the proper table in one of the usual Handbooks of Physical Constants, 
and noting also whether the scale is brass or glass. The certification correction 
is also to be applied. The pressure of the gas in inches of water at the meter is 
changed to inches of mercury (1 in. = 0.07 mm. mercury) and added to the 
corrected barometric reading; this represents the total gas pressure: its tem- 
perature is given by the meter thermometer. Table 9 will then give^ a means 
of reducing the volume of gas shown by the meter to operating conditions. 

To determine the temperature rise, T, subtract the temperature rise of the 
inlet water from that of the outlet water: the corrections should have been 
applied to these thermometer readings and the correction for stem^ ^posure, 
Table 10.^“ The amount of water, IK, heated is determined by weighing, the 
weights having been verified. 

The observed heating value is 

WXT 

VXF 


F is the reduction factor obtained from Table 9. This heating value is cor- 
rected for the effect of atmospheric humidity, Table 11; » this is additive to 

Bureau of Standards, Circular No. 48. Tr.crw.fi'nn Division 

Circular Dept. Public Utilities of Massachusetts, Gas Inspection Division. 
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90% humidity. The heating value is further corrected for the loss of heat 
from the calorimeter which under the usual operating conditions is 1 B.t.u. 

Where the water temperature is quite different from room temperature, a 
correction must be applied, additive if the room is warmer, and subtractive if 
colder. For calculating total heating value, this correction amounts to 0.5 
B.t.u. per degree difference F at a room temperature of 50° F. and increases 
by 0.1 B.t.u. for each increment of 10° F. room temperature: for calculating the 
net heating value it is 0.4 B.t.u. for 50°-80° F. room temperature and 0.5 
B.t.u. for 90°-100° F. The average of the different runs, which should agree 
within 1%, corrected for humidity and heat loss, is the totul heating vUlue of the 
gas, and is the one to be reported. The net heating value is obtained by sub- 
tracting the product of the volume of the condensate in ml, X 2.3 B.t.u. (0,6° C.) 
from the observed heating value and correcting for heat loss. 

Page 8d from Circular 48, Bureau of Standards, show’s how the record is to 
be kept. (See p. 2433.) 

Thomas Recording Meter. — In many gas works this apparatus is in opera- 
tion and agrees satisfactorily with the Junkers instrument,*®^ 

XoTEs. — .After setting up the apparatus the first thing to be done is to turn on the 
U'ater — (not the gas). Similarly, the water should be shut off last. All connections and 
the meter should be tested for leaks, before each test. The water level in the meter 
should be checked daily. Slight drafts caused by moving suddenly near the apparatus 
will vary outlet readings and vitiate the test. The instrument should not be set up near 
a window or heating apparatus where radiant heat might affect the readings. 

If 0.2 cu. ft, of gas is burned, then an error of 0.1° F. in temperature of water me.ans 
an error of 4 B.t.u.; an error of 0.01 lb. water, 0.9 B.t.u.; 1° F. in gas temperature, 1.8 
B.t.u.; 0.1 in. (barometer), 2 B.t.u.; 1 in. water pressure of gas, 1.5 B.t.u.““ 

The total heating value of the gas is the heat given off when the gas is used for heating 
water or in any operation where the products of combustion pass off below 100° C. The 
net heating value represents the conditions in W'hich by far the greater quantity of gas is 
consumed, for cooking, heating and gas engine.s, and is one which should be reported. 
It should, how’ever, be corrected,^®* to the legal cubic foot, that is, mea.sured at 30 ins, 
barometric pressure, and 60° F. saturated with moisture. 

The cliief sources of error are,*®^ in adjusting the meter, in measuring the temperature- 
rise of the w*a ter, and in changing over the outflow w’ater to the weighed vessels. 

(b) By Calculation.^^ — Let us suppose a city gas gave the following analysis; 
Illuminants 15, carbon monoxide 25.3, methane 25.9, hydrogen 27.9%; the 
heating value of the.se gases according to Table 4, page 2426, is as follows: 

0.15 X 1900 -285.0 B.t.u. 

0.253 X 323= 81,7 
0.259X1008 = 261.0 
0.279 X 325- 90.7 

718.4 B.t.u. 

Bur. of Standards J. Research, 10, 99. C. A., 27, 1239 {19.%3). 

Kept. Joint Committee on Calorimetry, Public Service Commission and Gas 
CorporatioiLS, in the Second Public Service District of New York State, p. 81, 1910. 

A difference of 1° C. or of 3 mm. pressure makes a change of 0.3% in the volume. 
PfeiiTe, J. Gasbcleucht., 50, 67 (1907). „ 

Technologic PajJers of the Bureau of Standards No. 36. Calorimetry, 

Waidner and Mueller, p>age 100, 1914. 

U. S. Geol. Survey Paper No. 48; Part III, page 1006. 
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which is the gross heating value of the dry gas. The correction for the heat 
lost is found, as with chimney gases, by multiplying the volume of the com- 
bustion gases by their weight X specific heatXrise of temperature. 

(c) Sulfur. — Sulfur, being present in gas in so many forms, is determined by 
combustion and usually reported in grains of sulfur per hundred 
cubic feet. 

One of the most easily portable and satisfactory forms is that of 
Hinman and Jenkins described as follows; The upper vessel, Tig. 

374, is a “ bead glass 300 mm. long and 60 mm. in diameter ; this 
is filled with large cut-glass beads, held up by a suitable fluted glass, 
giving a large condensing surface without obstructing the draft. 

To this bead glass is attached, by a rubber connector, the adapter, 

410 mm. long and 50 mm. lower internal diameter. To the upper 
adapter is attached, by means of the “ connecting piece,” the lower 
adapter, 400 mm. long and 40 mm. lower diameter. The connect- 
ing piece projects 12 mm. above the top of a rubber stopper, fitting 
the upper adapter, and is surmounted by a watch-glass deflector 
carried on platinum wires. An overflow tube carries the conden- 
sation to the Erlenmeyer flask hung on the stopper as shown; this 
tube is so adjusted that some liquid remains on the stopper to keep 
it cool and to absorb some of the ascending gases. The Bunsen 
burner is fitted with a lava tip having a 5-mm. hole; surrounding the 
burner is a glass tube 20 mm, in diameter, forming the inner wall of 
an annular chamber, of which the outer wall is a glass ring 50 mm. 
in diameter. Into this chamber, which serves to contain 10% am- Fio- 374. 
moiiium hydroxide, the lower adapter dips 10 mm. 

The lower adapter is joined to the connecting piece ” by a short cork-lined 
metal tube. Although radically different in form, this apparatus is very similar 
to the Referees’ in general principle and in method of use, the principal differ- 
ence being the use of ammonium hydroxide instead of dry ammonium carbonate 
as a source of ammonia. About 10 ml. of concentrated ammonium hydroxide 
is placed in the reservt)ir about the burner at the beginning of the test and about 
5 ml. more added every fifteen or twenty minutes. The gas is consumed at 
the rate of 0.4 to 0.6 cu. ft. per hour, and 2.5 to 3 ft. burned, if the sulfur is to 
be estimated gravimetrically; otherwise 1 cii. ft. is enough. When the run is 
completed the api^aratus is allowed to cool and is then flushed four times by 
pouring 50 ml. portions of water in at the top of the bead tube. To the solutions 
and washings are added 2-3 ml. bromine water, and it is evaporated to 30 or 
40 ml,; an excess of a hydrochloric acid solution of barium chromate is added 
to the hot solution, it is gently boiled, an excess of dilute ammonia added, again 
boiled for a minute, filtered and washed. The ammonium chromate in the 
filtrate (the chromic acid being equivalent to the sulfuric acid in the original 
solution) after being boiled in a stout flask, with a Bunsen valve, to expel the 
air, is cooled and titrated directly with stannous chloride (3.25 grams bn per 
hter) using starch and potassium iodide to accentuate the end-point. 

^ '"Jenkins, J. Am, Chem. Soc., 28, 543 (1906); also Technologic Pai^r No. 20, 
Bureau of Standards, McBride and Weaver, “Determination of Sulfur in Illuminating 
Gas," 1913^ also Stone, book cited. 
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The equations are: 

(NH4)2S04+BaCr04 = BaS04+(NH4)2Cr04, 
2(NH4)2Cr04+2HCl = (NH4)2Cr207+2NH4Cl+H20, 

3SnCl2+(NH4)2Cr20j4-14HCI-3SnCl4+2NH4Cl+2CrCl3+7H20. 

The strength of the stannous chloride should be determined at the same time 
by standard bichromate of potassium. 

Or the sulfuric acid can be determined with the turbidimeter as for sulfur 
in coal. The amount of sulfur is usually from 20 to 30 grains per '100 cu. ft. 

Hydrogen Sulfide.*^® — The test is made by hanging a strip of paper mois- 
tened with lead acetate solution (1:20) in a bell-jar or tube through which 
the gas is passing at about 5 cu. ft. per hour and allowing it to act for one min- 
ute. Usually several tests are made. The gas should be taken fresh from the 
main and care should be taken not to confound any black tarry spots with lead 
sulfide. A properly purified gas should give no test. 

It is quantitatively determined by drawing a known volume of the gas 
through standard iodine solution. Tutweiler measures the gas in a modified 
Bunte burette over starch solution, runs in a known quantity of standard iodine 
solution until it is in slight excess. If 100 ml. of gas were taken, the number of 
milliliters of solution gives the grains of H2S per 100 cu. ft., 1 ml. iodine 
= 0.0017076 gram iodine = 100 grains H2S per 100 cu. ft. 

(d) Ammonia.^^’^ — This is determined by absorption in standard acid 
colored \nth cochineal: 10 ml. of HCl are placed in the bulb, Fig, 361, 2-3 
drops cochineal solution added, and the gas allowed to bubble through it until 
the yellow color changes to a deep purple; the meter is now read. The acid is 
made by diluting 38.2 ml. X/10 HCI to 1 liter, 10 ml. =0.01 grain of NH3; the 
cochineal solution is made by treating 3 grams of the ground insect with 250 ml. 
20% alcohol, allowing to stand forty-eight Lours and filtering. The bubble 
tube is inserted in series with the gas supply to the sulfur apparatus, Fig. 374 
(c), so that both determinations are run at one time: the gas is passed through 
at the rate of 0.5 to 0.6 cu. ft. per hour. Massachusetts law limits the amount 
of ammonia to 10 grains per 100 cu. ft. 

(e) Analysis. — The volumetric analysis is carried out according to p. 2355; 
either bromine water or fuming sulfuric acid can be used to absorb the “ illu- 
minants,'’ Besides ethylene, it may be desirable to determine benzol: this is 
best done according to Dennis, O'Neill and McCarthy by absorption in an 
ammoniacal solution of nickel cyanide. 

Naphthalene. — This is determined in purified gas by passing it through 
N/20 picric acid solution. White determines it in raw gas by precipitation 
of the picrate and subsequent recovery of the naphthalene. 

Tech. Paper, No. 41, Bureau of Standards, ^'Lead Acetate Test for Hydrogen 
Sulfide in Gas.'’ 

Am. Chem. Soc., 23, 173 (1901). 

*”Tech, Paper No. 34, Bureau of Standards, "Determination of Ammonia in Ilm- 
minatii^ Gas"; also Tech. Paper No. 48 (1916). 

Inis is used by Jenkins; Sulfuric Acid 1 ml. *-0.01 grain of ammonia is recom- 
mended in T.P. No. 48. 

Am. Chem. Soc,, 30, 2.36 (1908). 

i’*Proc. Mich. Gas Association, W, 1904 (1905). 
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(f) Carbon Dioxide. This may be determined by Rudorff’s method 
which consist in titrating about a liter of the gas with standard potassium 
hydroxide. The arrangement and manipulation of this apparatus will be 
evident from Fig. 375; the capacity of the Woulff bottle must be known and if 



Fiq. 375. Fio. 376. 


the gas contains hydrogen sulfide, it must be absorbed by passage over man- 
ganese dioxide. It can also be determined by the usual absorption method, 
(g) Specific Gravity. — The readiest method depends upon the time of 


Composition of Commercial Gases 



COi 

nrtrt 

j 

Os 

CO 

Hs 

CH4 

Csiu 

Nj 

Can- 

dle 

Power 

B.t.u. 

Coal 

1.6 

4.0 

0.4 

8.5 

49.8 , 

29.5 

3.2 

3.2 

16.1 

622 

Carb. water. . . 

3.0 

13.3 1 

0.4 

30.4 

37.7 

10.0 

3.2 

2.1 

22.1 

643 

Blue water . . . 

3.4 i 

0.0 1 

0.9 

40.9 

50.8 

0.2 

0. 

3.5 


299 

Bintsch 

0.2 

30.0 

0. 

O.l 

13.2 

45.0 

9.0 

1.6 

1 43.6 

1276 

Blau.. 

0. 

51.9 

0. 

0.1 

2.7 

44.1 

0, 

1.2 

48.2 

1704 

Oil-water . . 

2.6 

7.0 

0.2 

9.2 

39.8 

34.6 


6.6 

19.7 

680 

Oil 

0.3 

31.3 

0. 

2.4 

13.5 

46.5 

’ 3.9 

1 1.1 

! 38.0 

1320 

Gasoline. . 


1.5 

18.5 



C6Hm = 

= 10.3 

69.7 

1 16.0 

514 

Acetylene .... 


96.0 

0.8 





3.2 

225.0 

H 2 S 

1350 

Natural. . . 

0.3 

0.3 

0.3 

' 0.5 

2.3 

92.6 


3.5 

0.2 

840-1174 


0.4 




87.0 

' 9.6 

3.0 

1 


1040 


Hempel, op. cit., 2(52. 

See also Chapter II. 

Fulweiler, Rogers, ** industrial Chemistry/^ 5th Ed., 729. 
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efflux of the gas compared with air; sp.gr. = 


A2 


G and A represent the times 


of efflux in seconds of gas and air. The apparatus is that of Schilling and is 
obtainable from the dealers, or may be constructed according to Jen^ns 
as follows: 

“ It consists, Fig. 376, of two large rubber stoppers, each having a brass tube, 
projecting laterally near the large end, and connecting with the hole in the 
stopper. A glass piece A in the form of a truncated cone fits tightly over one 
stopper; it is 9 ins. long, 1^ ins. diameter at the base and 1 in. at the top, 
A similarly shaped piece B 9 ins. long by 13^ ins. diameter at the lo\^er end fits 
over the second stopper; 2 ins. above the latter the tube has a constriction 1 in. 
in diameter, and at its upjier part is narrowed to a neck 5/16 in. in diameter 
which is ground on the inside to receive the end of a tube 7}^ ins. long and in. 
in diameter, in the upper end of which is fitted a platinum plate containing the 
emission orifice. One and three-fourths inches below this plate is a three-way 
glass stopcock, and 3 ins. below the latter a scratch surrounds the tube and 
serves as the upper mark in the escape of the gas. 

“ Fitted into the hole in the stopper is a hollow cylinder of brass to which is 
soldered a curved piece of brass wire pointed at the end, which rises 13 ^ ins. 
above the surface of the stopper. The two brass tubes projecting from the 
outside of the stoppers are joined by a piece of rubber tubing 15 to 18 ins. long. 

“ In using this instrument the larger tube B is filled with water, of the tem- 
perature of the room, nearly to the top^ the stopcock being turned so that egress 
of air from the smaller tube is prevented. The larger tube is placed on an 
elevated surface just high enough so that its bottom is above the level of the 
scratch on the narrow outlet tube, the cock Ls turned so that the air may escape 
through the orifice in the platinum plate, and on the second, when the point of 
the brass Tidre breaks the surface of the rising water, a stop watch is started. 
The latter is stopped when the water exactly reaches the scratch. 

“ The large tube is lowered, and the .stopcock turned so that air may enter 
through its hollow point. When the water is again all in the large cylinder, the 
cock is turned to connect the small vessel with the outside air through the 
platinum tip, the large cylinder is replaced on the elevation and the operation 
repeated. Results should be obtained which check within one-fifth second. 

Now connect a rubber tube to the gas supply and to the tip of the stop- 
cock, lower the large cylinder and force the water into the latter by means of 
the gas pressure. Thoroughly saturate the water with the gas to be tested; 
this may be done by shaking gas and water together and by forcing the water 
up and down in the .small vessel in contact with the gas. Repeat the operation 
with gas in the .same manner as described for air. The calculation is made in 
accordance with the formula. 

“The advantages of this apparatus arc its portability, its cheapness, its 
rapidity and accuracy. When set up, the cylinders are inclined to be a trifle 
unstable; this may be overcome by fastening a lead plate to the base of each 
stopper. Four precautions in connection with its use should be emphasized: 


Stone, book cited, 261, Sec also Bureau of Standards, Tech. Papers 89 and 94, by 
J. S. Edward. 

Orton, Oeol. of Ohio, VI, 1,37. See article by Kemp, Collins and Ktihn, Ind. Eng. 
Chem., Anal Ed. 7, 338 (1935). 
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(1) The water must be of the room temperature ; (2) the water must be thor- 
oughly saturated with the gas; (3) the platinum tip, stopcock, and upper part 
of the tube must be kept dry and clean ; (4) the large cylinder must always, in 
any one determination, be placed at the same height.’’ 

The use of the Edwards Gas Balance has already been explained on p. 2344. 

Another method consists in the use of the Lux gas balance. Tliis consists 
of a balanced globe into which the gas previously filtered through cotton, passes 
and its specific gravity is read off directly on a scale. 

The knowledge of the specific gravity is important, as it is involved in the 
formula for the calculation of the flow of gas in pipes; it also enables the gas 
manager to ascertain the weight of gas produced from the coal, and to get an 
idea of the nature and amount of impurities in the gas, all these being heavier. 

(h) Tar. — Eor the estimation of tar, Clemens Winkler recommends the 
procedure of Tieftrunk: This consists in passing the gas through 25% alcohol 
and collecting and weighing the tar on a tared filter. 

In this country the so-called Tar Camera ” is used: this consists of a brass 
apparatus into which a 3-inch E and A No. 4970 filter paper is clamped, 
through which a measured quantity of gas is passed. By the increase of weight 
of the filter, the amount of tar is determined; the volume of gas may vary from 
0,1 to 10 cubic feet. 

Stone and Prince use an ordinary Gooch asbestos filter for this purpose. 
It is weighed after treating with dried and purified gas, subjected to the gas to 
be tested and dried and weighed as before. 


the gases involved in the 

а. Burner gases ; 

б. Nitrogen gases; 


IV, Sulfuric Acid Cases, 
manufacture of sulfuric acid: 

c. Oxygen; 

(1. Gases involved in the contact process. 


(a) Burner Gases. Sulfur Dioxide 

This gas may be determined by tiie method of Reich. It consists in aspirat- 
ing tile gas through standard iodine soiution (N/10 is suitable) until it is de- 
colorized. The amount of iodine used in the test ^ 

aspirated gas being known, the percentage of SOs can readily be calculated. 

S0i-|-2I-t-2H20 = HjSO.-l-21II 

Fig. 377 shows a form of apparatus for making this determination. The 
standard iodine, 5 to 25 ml. N/lO I, diluted to 150 to 200 mh, “ 
bottle, about 400 ml. capacity, and starch indicator added. S 

tested is aspirated through the iodine until the 
completely. Water which flows out from the graduated 

the aspirating bottle, produces the suction, and the amount measures the 

“Die Industrie Case ” page 52; also Ifcnipcl, »?■.«}*•> 239- 
Made by the fcJteere Engineering Co., Detroit, Mien. 

-;Sr“h^d'ica‘Sr^;'iHJStted if the light is good tor observing the fading out 
of the iodine color. 
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volume of the aspirated gas. From the quantity of iodine used and the volume 
of the gas required to decolorize the solution the per cent of sulfur dioxide is 



Fig. 377. Portable Reich Apparatus. 


calculated. 

Should the contact gas contain 
SOs; this is absorbed by passing the 
gas through 50 to 100 ml. of cone. 
H2SO4, to avoid the action of SO 3 on 
the rubber tubing of the apparatus. 
A rapid current of the gas is passed 
through the acid to saturUte it with 
SO 2 before making the tests. 

The Reich method is more applic- 
able for determining small amounts of 
SO 2 . A 12-1 5-liter graduated aspir- 
ating bottle is used in w’orks tests of 
exit gases for measuring the gas. Since 
these volumes are not under standard 
conditions (760 mm. and 0° C.), it 
will be necessary to convert the vol- 
umes obtained in the tests to these 
conditions, using the formula. 



760(1+0.00367/)’ 

where — measured volume, = ob- 
served barometric pressure, / = temper- 
ature of the gas, and w = aqueous vapor 
pressure at temperature of the test. 


(fa) Nitrogen Oxides 

Nitrogen tetroxide, N 2 O, and nitrous acid N 2 O 3 , can best be determined by 
absorption in standard permanganate (acidulated with sulfuric acid). 

Nitric oxide can be determined by passing the gases through soda lye, then 
by adding air to the collected volume, converting it to nitrogen tetroxide and 
determining it as above indicated. 

Nitrous oxide is determined in the acid-free gases by explosion with hydrogen. 

(c) Oxygen is usually determined by acid or ammoniacal cuprous chloride- — 
phosphorus is also employed. The percentage of oxygen should not exceed six; 
a larger amount means that heat is being lost from the chambers by the exhaust 
gases. Knowing their temperature, the loss of heat can be calculated as with 
chimney gases. 

V. Mine Gases 

The gases to be sought are those found in city gas and for most purposes the 
procedure in p. 2355 can be followed. For small quantities of methane the 
apparatus of Burrell should be used. 

“*See Technical Paper 14, Bureau of Mines, “Apparatus for Gas Analysis I^bora- 
toriee at Coal Mines.” 

“T Bull. 42, U. S. Bureau of Mines, 17, 42, 1913; also Technical Paper 39, 13; also 
^j^iDetin 331. 



GAS ANALYSIS 2401 


Table for Reich’s Tests for Percentage SOj, Using Tenth Normal Iodine Solution 


Volume % SOj 

25 ml. N/IO Iodine 

10 ml. N/10 Iodine 

5 ml, N/10 Iodine 

^ 12 

205 ml. gas 



11.5 

215 “ 



11 

226 “ “ 



10.5 

238 “ 



10 

252 “ “ 



9.6 

265 “ 



9 

283 “ “ 



8.5* 

300 “ 



8 

321 “ 




7.5 

344 “ 



7 

6.6 

6 

5.5 

5 

4.6 

4 

3.5 i 

371 “ ” 

402 “ 

438 “ “ 

148 ml. gas 

161 “ 

175 “ 

192 “ “ 

212 “ ” 

237 “ “ 

268 “ “ 

308 “ “ 

154 ml. gas 

3 ! 


361 “ “ 

181 “ “ 

2.5 


436 “ " 

218 “ “ 

2 



274 “ “ 

1.5 


i 

367 “ “ 

1.4 



393 “ “ 

1.3 



424 “ " 

1.25 



442 “ “ 


SuKur Dioxide in Exit Gases, Pages 126G to 1269 inclusive. 


For determination of jneiham alone, the apparatus of Shaw may be 
recommended. This determines first the per cent of city gas necessary to make 
an explosion of definite strength with ordinary air; when this has been done, 
mine air is used in place of the ordinary air and a smaller percentage of city gas 
is required — smaller by the amount of combustible gas in the mine air* The 
strength of the explosion is measured by noting by the ear the force with which 
the plunger is driven out from the explosion cylinder against a bell. 

In case this apparatus be not at hand, Brunch's method can be em- 
ployed. This consists in burning the methane in a 2-liter Erlenmeyer flask by 
means of an electrically heated platinum spiral. The flask carrying the spiral 
in the stopper is sunk inverted in a vessel of water and the current allowed to 
pass for half an hour, which is sufficient to burn the methane. It is then cooled 
and 25 ml. Ba 02 H 2 (1 ml. = l ml. COa) added, time allowed for absorption of 
the carbon dioxide and the excess of Ba 02 n 2 determined, and the quantity of 
methane calculated. 

Clowes and Redwood have worked out a method for the detection of 
inflammable gas in air, employing the flame cap.” When an inflammable 
atmosphere is brought in contact with a candle or better, a hydrogen flame, 
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the gas burns, forming a ” cap/' like the colorless flame above the blue cone in 
a Bunsen burner: the length of the flame is a measure of the percentage of gas 
and as little as 0.1% is visible using the hydrogen flame. 

The “ J. W. Indicator ” for the detection of inflammable gases or vapors 
depends for its use upon the fact that the resistance of a wire is increased by 
the heat of combustion of the gas. The gas or vapor is sucked through a tube 
containing a platinum wire heated to dull redness by a dry-battery current; 
the burning of the gas increases the resistance of the wire and from this increase 
the quantity of gas or vapor can be determined. 

It is safe, easily portable, easily handled by the ordinarily inteMigent and 
gives direct readings. The Union Carbide Company’s indicator is like it in 
principle, but the heating element was dropped into the tank itself: this was not 
safe with hydrogen, acetylene or carbon bisulfide. The screens protecting the 
element necessitated frequent cleansing. Obtainable from the Bullard Davis 
Co., 67 Wall St., N. Y. 

Carbon Monoxide. — Besides combustible gases or fire damp,” it is some- 
times necessary to get an idea of the amount of carbon monoxide (“ white 
damp ”) in the mine air after an explosion or in the “ after damp;” chemical 
methods, being too slow, use is made of the behavior of birds and mice when 
exposed to such an atmosphere. To this end they are carried in cages by the 
rescuing party and their behavior noticed. Canaries show distress in an at- 
mosphere containing 0. 15% of CO in five to twelve minutes, or with 0.20% 
in half this time: Mice are less sensitive,^®® and men may display distress when 
carbon monoxide is a.s little as 0.1%, whereas animals may be unaffected. In 
ca.se either is overcome by the gas, resuscitation can be effected by bringing 
them out into the open air again. Repeated exposure of the animals to the gas 
would seem to be without influence. 

VL Electkolytic Gases 

Gases from electrolytic chlorine, hydrogen and oxygen generators. The 
following are to be sought for: 

(a) Chlorine, (6) oxygen, (c) carbon dioxide, {d) carbon monoxide, {e) hy- 
drogen. 

(a) Chlorine. — Hempel recommends measuring the gas quickly in his 
burette over water and then sucking in 5 ml. of 50% pota.ssium iodide solution 
through the capillary and shaking; the diminution in volume gives the chlorine. 

The other gases are determined in the usual w^ay. As phosphorus cannot 
be used for pure oxygen, a specially prepared potas.sium pyrogallate, is em- 
ployed; cuprous chloride or ammoniacal cuprous carbonate in the absence of 
carbon monoxide is very satisfactory. 

VII. Acetylene 

Commercial acetylene may contain the following gases: 

1. Oxygen; 6. Nitrogen; 

2. Carbon monoxide; 6. Sulfur-containing gases ; 

3. Hydrogen; 7. Phosphine. 

4. Methane; 

Burrell, Seibert and Robertson, Bureau of Mines Technical Paper 02, 1914, '‘Rela- 
tive Effects of Carbon Monoxide on Small Animals.” Also Tech. Taper 11. 

"Gas-Analytische Methoden,” 4th Ed., 1913, p. 278, 
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Q^ygen is estimated after the absorption of the acetylene itself in bromine 
^ater in the usual way with potassium pyrogallate. Methane and hydrogen 
would be determined in this residue, after treatment with ammoniacal cuprous 
chloride to remove the carbon monoxide, by the ordinary explosion methods. 
Nitrogen would be left as a residue. 

Sulfur-containing Gases. — These are most likely organic sulfides, as hydro- 
sulfide is probably absent, since the solution from which the acetylene 
escapes is strongly alkaline. They can be determined by combustion, as in 
city gas, and best be reported as “ total sulfur."' 

phosphine is also similarly estimated and the phosphoric acid determined in 
the usual way: the quantity of FIL rarely exceeds 0.05%. 

Acetylene can be purified by passing over bleaching powder, through acid 
cuprous chloride or chromic acid: The candle power is usually given as fifty 
ner cubic foot, or 180-200, when burned at the rate of 5 cu. ft. per hour. The 
Splosive limits are, according to Clowes 3 to 82%, to Burrell and Oberfell, 
2.5 to 73%.^'® 

VIII. Atmospheric Air 


(a) Moisture; (6) Carbon dioxide; (c) Ozone; (d) Carbon monoxide; (e) 

Bacteria. , j. • x ^ 

(a) Moisture by chemical means. The amount of moisture can be 
determined by the sling psychrometer, or wet- and dry-bulb thermometer or 
bv the hair hygrometer. The sling psychrometer is the most rapid and accurate 
—the wet- and dry-bulb thermometers are so arranged that they can be 
whirled for fifteen or twenty seconds, stopped and quickly read, the wet bulb 
first; this is reiieated until closely agreeing readings are obtained, the 
humidity is determined in the usual manner from the raeteorologica tables. 

The amount of moisture in the air is probably indirectly responsible for our 
sensations of comfort or discomfort, rather than the arnount of carbon dionde, 
as was formerly thought. This moisture controls the heat f ^ 

which loss must be normal-neither too high nor too low. The ^eater the 
humidity the less the evaporation, consequently 

For comfort, the higher the temperature the less should be the humi y , 
following shows the relation between the two: 

Temp,,®F ^ 

Relative humidity, % 

Carhnn Dioxide —One of the most satisfactory methods is that of 
Hes?e!>" ihb cons”t in absorbing the carbon dioxide 

of air with standard barium hydroxide and determimiig . j 

The air is collected in heavy Erlenmeycr peZared 

capacity, or clear glass bottles; ®«tty of the flask^or bottle 

rubber stoppers carrying glass ^ a IS-ml. glass-stop- 

noted to the depth of the stopper. A lO-ml. p p 


68 

40 


70 

49 


80 

31 


00 

16 


Bureau of Mines Tech. Paper Reference to its 

if Aiblication No. 166. 


'“Benedict, “The Cora^sition of ^bl'cat'O" No. 166. 

Oxygen Content,” Carnegie Institution of Washington, 19 u, rumica 

For indoor work. . ^ ^ „ cian N F 31, 2. 

“8 Eulenberg’s Viertcljahrschr, f. ger. Med. u. ban., JN . , , 
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pered burette graduated in ml./lO with an S-cm, tip, complete the outfit; a 
Bolution of 1.7 grams of barium hydroxide and chloride (20: 1) in a liter of 
water, Fig. 378, and of oxalic acid 5.6325 grams per liter (1 nil.==l ml. 
CO 2 ), with phenolphthalein 1 : 250, are required. The small bottle attached 
to the large one is filled with soda lime. 

The bottles are filled with steam by exposure for 
three minutes and the vaselined stoppers inserted, or 
they may be filled with distilled water and opened in 
the place the air of which is to be examined. 

In all this work, it should be remembered that the 
exhaled breath contains about 400 parts carbon dioxide 
per 10,000, consequently care should be taken not to 
contaminate the samples, nor should they be warmed 
with the hand. 

The lO-ml. pipette is partly filled from the tube A, 
Fig. 378, by means of the rubber connector and sucking 
the liquid into the pipette : it is rinsed, filled and inserted 
through one of the holes in the rubber stopper of the 
Fig. 378. bottle, the other plug being momentarily opened. The 

plugs are replaced and the bottles allowed to rest on 
their sides, with occasional rolling, for tw'enty minutes. Not more than one- 
fifth of the solution should be used up by the carbon dioxide present. 

During this time, the barium hydroxide should be standardized ; to this end 
a few drops of phenolphthalein and a quantity of the oxalic acid almost sufficient 
to neutralize the hydroxide should be run into a 100-ml. Erlenmeyer flask from 
the burette; this should be passed through the doubly perforated stopper; 10 
ml. of the barium hydroxide solution are run into the flask as above described, 
and also the oxalic acid until a pink color appears. 

Phenolphthalein is added to the bottles containing the samples, the oxalic 
acid burette inserted through the stopper and the excess of barium hydroxide 
titrated. 

The barometric pressure and temperature in the laboratory are noted and 
the volume of the bottle less 10 mi. Ba(0II)3 calculated to standard conditions; 
the difference in the titer of the barium hydroxide solution gives the volume 
of carbon dioxide in the bottle; this is calculated into parts per 10,000. 

A more rapid method is that of Cohen and Appleyard.^*" This uses a 
standard solution of lime water colored with phenolphthalein to absorb the 
carbonic acid: it depends upon the principle that the quantity of air and lime 
water remaining the same in each case, the rate of its decolorization will vary 
inversely with the amount of carbon dioxide. 

Half-liter bottles are used for the purpose and either filled with water, or a 
vacuum is produced in them by steaming out and stoppering; the sample is 
taken by displacing the water or allowing the air to fill the vacuum: 10 ml. of 
the standard lime water (Reagents) measured with a Vanier overflow pipette 
run into the bottle, the time noted, the rubber stopper replaced, and the bottle 
shaken vigorously and continuously, until the pink color disappears when seen 
over a white paper, and the time again noted. From the time required for 
• decolorization, the amount of carbon dioxide may be found from the table. 

"•Chern. News, 70, 111 (1894), 
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Time, Seconds 

Parts CO? per 10,000 

Time, Seconds 

30 

15.6 

150 

60 j 

9.9 

180 

90 

7.2 

210 

120 

5.5 



Parts CO 2 per 10,000 


4.4 

3.8 

3.6 


Other methods for this determination are more strictly gasometric, measur- 
ing the difliinution in volume by absorption: Benediction used Sonden’s, and 
Anderson recommends a shortened form of the Pettersson-Palmquist 
apparatus. 

This may be described as an Orsat apparatus using mercury instead of water 
and with a 25-ml. burette the lower part of which is graduated to 0.0025 ml. ; 
this is connected to a pipette of potassium hydroxide, a delicate manometer 
and compensating tube. The apparatus is delicate and rapid, hut requires a 
skilled operator to manipulate it. Any form of accurate apparatus may be 
used. 

The amount of carbon dioxide in the outdoor air of the city is about 3.1 parts 
per 10,000, in the house, 3. 7-3. 9; with G-7 parts in a room, the ventilation may 
be considered as excellent, with 10 parts as about the upper limit. In some 
theaters wdiich were lighted by gas it approached 50 parts. 

(c) Ozone. — Probably most conveniently determined by Wurster’s method, 
p. 2370. 

Determination of Ozone, Iodide Method of SchSnbein.^^^ q’jjg method 
depends upon the reaction 


2KI-b03+H20-r2+02+2K0H. 


Procedure. — A glass bulb of 300 ml. to 400 ml. capacity (the exact capacity 
being determined by weighing empty, then full of water) with two tubes at 
opposite sides, closed by stopcocks, one of which was a three-^vay cock, is 
filled with water. The ozone test is introduced into the vessel, displacing the 
water. The gas is brought to atmospheric pressure by quickly opening and 
closing one of the cocks. A solution of 2 N potassium iodide is introduced in 
excess of that required, through the three-;vay cock by means of a second bulb 
connected by rubber tube to the vessel after displacing the air in the rubber 
connection through the cock. The mixture is well shaken and allow^ed to stand 
half an hour. The contents of the bulb are washed out with additional iodide 
solution followed by distilled water and the liberated iodine titrated wdth 
standard thiosulfate. 


1 ml. N/IO Na^SiOa = 0.0024 g. Os. 


(d) Carbon Monoxide.— The qualitative detection is most certainly effected 
hy the blood test; to this end the gas is drawm through a solution of blood 
contained in a Wolff, Fig. 361, or similar absorption tube and examined for its 


Book cited, also Haldane^s. 

J. Am. Chem. Soc., 35 , 162 (1913). ^ ^ ... , . 

’“Further details of this method may be found in Treadwell and Hall, Quantitative 

Analysis.” 
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absorption spectrum. The blood solution is made by mixing ox blood which 
has been defibrinated by whipping, with an equal quantity of a cold saturated 
solution of borax; this can be kept (as a side-shelf reagent) in the laboratory 
for months. This solution is diluted with 19 volumes of water, giving a solution 
of blood of 1 in 40 which is placed in the absorption tube. The air is drawn 

through it at a rate of 3 liters per hour, 
requiring 10 liters in some cases; the 
solution is put in a thin flat-sided 
bottle and spectroscopically examined. 

Pure diluted blood, Fig. ""S 7 9, shows 
two dark absorption bands, spectrum 2, 
between the D and E line, these are 
welded into one broad band by reducing 
agents as spectrum 4: blood 

which has absorbed carbon monoxide 
shows two broader bands in the same 
place, spectrum 3, which are unaffected 
bj’’ reducing agents. 

The quantitative determination depends upon the equation, 

oCO+LOs^oCO.-f-L. 

This has been studied by man 3 % and recently by Vandaveer and Gregg 
and by the writer. They pass the gas to be tested through tw'o scrubbing 
Friedrichs (spiral) towers filled with chromic acid at the ordinary temperature, 
and through solid potassium hydroxide and phosphorus pentoxide. The iodine 
pentoxide is heated in a U-tube to 150° in an electric air-bath. The highest 
quality of the reagent should be used, as it is found that even this requires 
tw^o days’ heating at 205°-215° w^hile air or nitrogen is slowly drawm through 
the apparatus. 'VVhen not in use, the apparatus should be kept tightly closed, 
and if the parts of the apparatus be fused together, instead of using rubber 
connectors, a blank can be obtained in fifteen minutes. Water vapor seems 
to liberate iodine. 

When a blank is obtained, the gas to be tested is passed through the ap- 
paratus, and the iodine collected in KI solution, titrated with .001 normal 
thiosulfate; every 2.27 mg. iodine corresponds to 1 ml. of CO under standard 
conditions. A complete analysis with an accuracy of 0.002% can be made in 
about twenty minutes. 

Sayers and Yant have w'orked out a method for the determination of the 
gas by taking advantage of the carmine red color produced by carbon monoxide 
blood in tannic acid, and comparing the red produced with standards, as with 
“ Hoolamite,” p. 2373. 

For the determination of the gas in vehicular tunnels it is absorbed m 
“ Hopcalitc,” a mixture of the oxides of manganese, copper, cobalt and silver. 
This produces heat which changes the conductivity of a wire carrying a current; 
this is converted into per cent carbon monoxide and automatically recorded; 
the same current also turns on the ventilating fans.*®* 

“*Ind. Eng. Chem., Anal. Ed., 1 , 129 (1929). 

Tech. Paper 373, Bur. Mines, 1925. 

*•* Bur. Mines Tech. Paper 355 1926. 
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palladium chloride solution absorbs carbon monoxide with the precipitation 
of the metal as a black powder: attempts to make in quantitative have not 
been successful. Other reducing gases must be carefully excluded. Sec page 
2406. 

IX. Natural Gas 

The determinations to be made are for carbon dioxide, oxygen, methane, 
ethane, gasoline content and helium. 

Burrell and Seibert state that the accurate determination of the con- 
stituents natural gas has proven a stumbling block to gas analysts not 
familiar with the work. Technical forms of gas-analysis apparatus and 
established rules for bringing a gas mixture in contact 'vvdth the absorbents for 
different constituents are not effective in all cases. Many samples contain 
absorbable constituents, such as carbon dioxide and oxygen, in extremely small 
quantities. The fact that oxygen may be a constant constituent of natural gas 
as it leaves a well has not been determined absolutely. The writers believe 
that traces of oxygen reported in some samples were due to the contamination 
of the samples with air. F. C. Phillips detected only minute quantities of 
oxygen in natural gas from western Pennsylvania after the gas had bubbled 
continuously for many hours or days through reagents. 

Olefin hydrocarbons and carbon monoxide have not been identified in the 
samples already received at the Bureau of Mines Pittsburgh laboratory. Be- 
cause of the absorption of higher members of the paraffin series by fuming 
sulfuric acid and cuprous chloride, a natural gas that does not contain olefin 
hydrocarbons or carbon monoxide but does contain these higher members of 
the paraffin series will, when treated with these solutions, undergo a reduction 
in volume and lead the analyst to a wrong conclusion. 

Natural gas as a rule contains a large proportion of paraffin hydrocarbons, m 
some instances as much as 99%, so that if the paraffins are determined by 
explosion methods, in which a small quantity (8 or 10 ml.) of gas is nsed, a 
slight error of manipulation will be multiplied ten or twelve times in calculating 
results to a percentage basis. The only hydrocarbon that some natural gases 
contain is methane ; but if a small quantity of sample is taken for the combustion 
analysis, errors are magnified. The relation between the volume of carbon 
dioxide and the contraction produced by the combustion m^y m ca c y ro 
gen, although hydrogen is not present. Though the error in t e o serve a a 
may be small, yet by the calculation to a percentage basis it may amount to 
several per cent of hydrogen. Umy published analyses of natural gas are 
undoubtedly much in error oiving to such causes. ... i. ^ 

The paraffin hydrocarbons that are gaseous at ordinary ^ 

methane, ethane, propane, and butane. Since the last two are liquefied at 
ordinary temperatures by pressures below those found m most producing wells 
quantities other than very sm.nll proportions earned by t e permanen g s 
would scarcely be found in natural gases coming from ^ 

sure. On the other hand, gases drawn from wells by means of a partial vacuu 
may contain these and higher paraffins in considerable quantity. 

“ SS Wehes u^n the Phenomena 

and Chemical Properties of Gases,” Am. Chem. Jour., 16 . p. 411 tisatl. 

Tech. Paper 10, Bureau of Mines. 
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Determination of Moisture in Gases 

The gas to be tested is passed through a dehydrating agent such as phos* 
phorus pentoxide, PzOs, alumina, AI2O3, or lime CaO, contained in a weiglied 
U-tube, Fig. 380. The following facts should be borne in mind in selecting the 
dehydrating agent: (a) It should 

5~? absorb the gas; (6) it should 

f ^ ^ — > not react chemically with the gas. 

For example — lime or alumina could 
.V ^ determining moisture 

in sulfur dioxide, nor could phos- 
phorus pentoxide be used in deter- 

£ niining moisture in ammonia. For 

T the former, phosphorus pentoxide is 

V — y' best, and for the latter, lime. Alum- 

Fig. 380. ina that has been carefully heated to 

1400*^ is useful for determining moist- 
ure in neutral gases. It should be remembered that gases 
dried over calcium chloride will give up moisture to strong 
sulfuric acid, and these in turn will give up moisture to 
phosphorus pentoxide: Professor Morley has even deter- 
mined the amount of moisture that is left after this latter 
treatment. 

Procedure. — The volume of the gases required for the 
test varies widely according to the percentage of moisture 
in the gas, 1000 ml. to 10,000 ml. are generally required. 

For minute amounts of moisture it may be necessary to 
lead the gas over the dehydrating agent for a given 
length of time, using a manometer or difference gauge, or 
a gas meter. The absorption tube Is weighed before and 
after the test and the increase in weight taken as the 
moisture content of the gas. 

Method of Determining Gasoline Vapor in Gaseous 
Mixtures.®*^ — Fig. 381 shows the apparatus for the gaso- 
line-vapor determination. The bulb contains phosphorus 
pentoxide for removing water vapor. If the latter were not 
removed it would also be retained at low temperatures 
and would subsequently exert pressure when measure- 
ment was being made of the pressure exerted by the 
gasoline vapor. 

To start a determination the apparatus is connected to a vacuum pump and 
its air exhausted. The mixture of gasoline vapor and air is then introduced 
at atmospheric pressure, the barometer is read, and the two bulbs are immersed 
in liquid air contained in a Dewar flask. After about ten minutes, the air is 
removed from the apparatus with a vacuum pump. The stopcock on the 
apparatus is chen closed, the liquid air in the Dewar flask removed, the gasoline 
allowed to vaporize, and its pressure read on the mercury manometer attached 
to the apparatus. The ratio of this pressure to the pressure of the atmosphere 
gives the percentage of gasoline vapor originally in the air. 

U. S. Bureau of Mines, Technical Paper No. 116, Burrell and Boyd. 
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Method of Sampling 

Some samples of gas taken by the bureau’s investigators are collected by 
air displacement in bottles with ground glass stoppers. At the wells or supply 
pipes a stopper is removed and the gas is allowed to run into a bottle until 
air has been entirely displaced. Usually a few minutes is sufficient. While 
the bottle is still in place, the stopper is inserted. As a' precaution against 
leakage, melted paraffin is poured over the stopper. The bottles are then 
well packed in suitable wooden boxes, and mailed to the bureau’s Pittsburgh 
laboratory;. When received at the laboratory the stoppers are removed under 
mercury and the gas is transferred to and analyzed in an apparatus that con- 
tains mercury as the confining fluid. Some samples have been received in 
strong iron cylinders at the full pressure of the well. Other samples have been 
collected by a method devised by G. A. Hulett, formerly chief chemist of the 
bureau, and at present used for collecting 
some of the bureau’s natural gas samples. 

The method is as follows: 

Glass tubes about 17 cm. long and 6 
cm. wide are provided at one end with 
a glass tube extension about 15 cm. long 
and having a 6 mm. bore. The tube is 
left open. Natural gas is directed into 
the sampling tube through the orifice by 
means of a long slender brass tube. When 
the air originally in the tube has been 
displaced, the brass tube is withdrawn 
and the glass tube orifice closed by placing 
the finger over it. The sami)ling tube is 
then carried to a small alcohol flame and 
the glass tube extension sealed off. 

Simplified Apparatus Used in Analyzing 
Natural Gas 

The apparatus used to analyze nat- 
ural gas is shown in Fig. 382. The pipette 
a contains potassium hydroxide solution; 
pipettes h and d contain alkaline pyro- 
gallate solution. The pijiettc c is the slow 
combustion pipette. ■ The burette / has 
a capacity of 100 ml. and is graduated to 
0.1 ml. 

procedure of Analysis 



Fig. 382. Laboratory Apparatus for 
Natural Gas Analysis. 


Natural gas is analyzed at the bureau’s Pittsburgh laboratory in the follow- 

ing manner: , . . i- i i u 

Oxygen or other gas left in the horizontal capiUary train is displaced by 
drawing a few ml. of nitrogen from the pipette d (Fig. 380) into le ui . 
This mixture is then allowed to escape into the atmosphere. 

About 100 ml. of the gas sample is then drawn by mercury displacement 
from the sample container into the burette. The sample is measured in the 
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burette against the pressure existing in the compensating tube / by bringing 
the mercury in the manometer tube exactly to the mark g. The sample is 
then passed successively into the potassium hydroxide and alkaline pyrogallate 
solutions for the removal of carhon dioxide and oxygen, burette measurements 
being made in the same manner as with the original sample. 

The residual gas left after the carbon dioxide and oxygen have been deter- 
mined is discarded and a fresh part of the sample taken for the combustion 
analysis. The capillary connections are cleared of combustible gas by dilution 
\sith air, and about 100 ml. of oxygen is measured into the burette and passed 
into the combustion pipette. About 35 ml. of the gas sample is tlien drawn 
into the burette from the sample container and measured. The platinum 
ware in the combustion pipette is then heated to a white heat and the gas 
sample passed at the rate of about 10 ml. per minute into the combustion 
pipette containing the oxygen. The paraffins burn as fast as they enter, so 
that an explosion consequent upon an accumulation of gas and oxygen can not 
follow. In analyzing natural gas the authors have obtained the best results by 
passing the oxygen into the pipette first. When the natural gas is passed in 
first, the mixture does not alw^ays burn as satisfactorily. 

After burning, which requires about four or five minutes, the combustion 
pipette is allow^ed to cool, and the contraction in volume due to the combustion 
is measured. The carbon dioxide produced by the combustion is determined 
by absorption in the potassium hydroxide solution. Finally, the gas is passed 
into the alkaline pyrogallate solution to make sure that sufficient oxygen has 
been present for the complete oxidation of the paraffins. Some samples may 
contain such a large proportion of the higher paraffin hydrocarbons that 100 ml. 
of oxygen 'will not be sufficient for the complete oxidation of 35 ml. of natural 
gas. For such samples a smaller quantity of the gas must be used for the 
combustion. This statement has especial reference to those natural gases 
that are used for gasoline manufacture and contain a large percentage of the 
higher paraffins. 

In no case is the burette mercury raised above the upper burette stopcock. 
The gas remaining in the capillary tubing at any stage of the analysis is brought 
in contact with the solutions by passing it back and forth several times between 
the burette and the pipette. After combustion, for instance, some carbon 
dioxide will remain in the capillary tubing between the combustion pipette 
and the burette when the gas is drawn back into the burette to record the 
contraction in volume. After most of the carbon dioxide has been absorbed 
by the passage of the gas into the potassium hydroxide pipette, the small 
quantity of carbon dioxide in the capillary tubing is swept out of the tubing 
into the potassium hydroxide pipette. This operation is repeated in order to 
insure the complete removal of the carbon dioxide. If this precaution were 
not taken, an error of considerable magnitude would result. 

The apparatus may be used al.so for the analysis of other industrial gases, 
such as producer gas and blast furnace gas, when all three of the combustible 
constituents, carbon monoxide, hydrogen, and methane, can be determined 
simultaneously by triple combustion. 
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Calculations from Combustion Data 

If the contraction and the volume of carbon dioxide from the combustion 
of the gas indicate methane, only this constituent is reported. But if the data 
indicate higher members of the paraffin series, a calculation is made that gives 
the two predominating constituents. The gaseous hydrocarbons react with 
oxygen as follows: 

CH4+2O2-CO2+2H2O 
C2H6+3.502 = 2C02-h3H20 
C3H84-5O2-3CO2+4H2O 
C4H:o+6.502 = 4C02+5H20 

But since the fact that some gases deviate somewhat from the gas laws 
has been shown by the experiments of Rayleigh, Leduc, Baume and Per rot, 
and others, corrections must be made in the case of some gas analyses where 
this deviation is greater than the experimental error. 

The next table gives the theoretical and observed specific gravities of the 
gases involved in the calculations taken from Landolt and Bornstein.^^® 

Below are given the equations for the reactions of methane and ethane 
with oxygen in which corrections have been made according to the specific 
gravity determinations shown in this table. 

0.999 CH4+2,000 02 = 0.994 C02-f2H20 
0.990 C 2 H 6 + 3 . 5 OO O 2 - 1.988 CO 2 + 3 H 2 O 


Theoretical and Observed Specific Gravities op Certain Gases 2“ 


Gas 

Mol. Wt. 

1 

Specific Gravity 

Observer 

Theoretical 

Theoretical 

1 

Observed j 

Observed 

CH 4 

16.03 

0.5539 

0.5544 

Baumo & Perrot 

0.999 

0,1 r. 

;-50.05 

5S.05 

2 5 .00 1 

28.00 j 

44.00 1 

44.00 
28.02 i 
28.02 

32.00 
32.00 

1.0381 

2.00G5 

.9673 

.9673 

1.5201 

1.5‘20l 

.9680 

.9680 

1.1055 

1.1055 

1.0494 

do 

.990 

CJf,., 

' 2.01 

Frankland 

.998 

00 

.96702 
! .96716 

Leduc 

1.000 

CO 

Rayleigh 

1.000 

00 , 

1 1,52874 

1.52909 
.96737 

Leduc 

1 .994 

COj 

N, 

Rayleigh 

do 

.994 

1.001 

N, 

.96717 1 

Leduc 

1.001 

0? 

1.10535 1 

Rayleigh 

1.000 

O 7 

1.10523 1 

Leduc 

1.000 

i 




As the partial pressure of gases in a mixture decreases, the gases more 
nearly conform in behavior to the gas laws; consequently a table is herein 
included showing the correct molecular volume to use in the case of carbon 
dioxide for different partial pressures. The partial pressure of the carbon 
dioxide has reference to the ratio of the volume occupied by the carbon dioxide 

Landolt, H., and Bomstein, R., Physikalisch-chemische TabeUen, 3d ed., 1905. 
pp. 222-223; Jour. Chem. Phys., 7, p. 367 1909. 

At 0® C. and 760 mm. pressure. 
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found after the combustion to the total volume of residual gas found after the 
combustion; that is, if the total volume after combustion is found to be 70 ml. 
and the carbon dioxide is 40 ml., then the partial pressure of the carbon dioxide 

will be --^— = 434 mm., and the proper molecular volume, namely, 0.997, 

will be found from the table. 

The foregoing equations have reference to their use at 0° C. and 760 mm. 
pressure. The following table show's the correct molecular volumes for carbon 
dioxide at 20® C. and different partial pressures. 


Molecular Volume of Carbox Dioxide Corresponding to Different Partial 
Pressures at 20® C. 

Mm. of Mercury Molecular Vol. 


100 0.9993 

200 9986 

300 9980 

400 9972 

500 9965 

600 9958 

700 9951 

760 9950 


In compiling this table advantage was taken of the work of Rayleigh, 
Leduc and Chappius having to do with the determination of the specific 
gravity and coefficient of expansion of carbon dioxide. The specific gravity 
determinations were given by Rayleigh and Iveduc for carbon dioxide at 0® C. 
and 760 mm, pressure. Values for 20® C. and 760 mm. pressure W'ere deter- 
mined from the coefficient of expansion of carbon dioxide between 0® C. and 
20® C. A graph w'as plotted from two values, the deviation from the gas laws 
at 760 mm. pressure and at 380 mm. pressure. 

The coefficient of expansion of ethane between 0® and 20® C. has not been 
determined, consequently the .same molecular volume was used at 20° C., the 
laboratory w'orking temperature, as was reported by Baum 6 and Perrot 
at 0° C. The error resulting from this usage can be disregarded without 
introducing any appreciable error in the analyses, judging from the molecular 
volume of carbon dioxide which at 20® C. is only 0.001 different from the value 
at 0® C. • 

Below are given the molecular volumes to be used in the case of ethane for 
different partial pressures. 


Molecular V^olume of Ethane Corresponding to Different Partial Pressures 


Mm. of Mercury 


Molecular Vol 


0 

100 

200 

300 

400 

500 

600 

700 

760 


1.000 

.999 

.997 

.996 

.995 

.993 

.992 

.091 

.990 


*“See Landolt and Bomstein, Phys.-chem. Tabellen, 1912, p. 14. 
flee Landolt jwid B6m.stein, Physikalisch-chemische Tabellen, 1912, p. 148. 
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Although the individual paraffins in a mixture of several can not be exactly 
determined, one will know with a sufficient degree of accuracy which value 
in the above column to use by accepting the value that corresponds to the 
percentage of ethane determined from the combustion analysis. It is also 
true that in natural gas from many places the partial pressure of ethane is so 
low that only a small deviation from the gas laws occurs. A slight error arises 
from the probable percentage of propane or butane in a mixture when the 
combustion analysis indicates only methane and ethane. In most cases the 
partial pressures of the propane and butane will also be so low that errors in 
molecular* volumes due to their presence can be disregarded. 

Methane conforms so closely to the gas laws that no deviation from the 
given molecular volume need be made for different partial pressures. 

The proper equations to use can be detenniiied only from the partial pres- 
sures obtained from the analyses. For the purpose of determining the approxi- 
mate percentage of ethane the theoretical equations can be used. 


Application of the Use of Corrected Equations to the Analyses of Natural Gas 
and Other Gas Mixtures 


Although the combustion analysis does not show an accurate distribution 
of hydrocarbons in a natural gas mixture, it does show the true total paraffin 
content. The heating value calculated from such an analysis is also correct. 

Determinations by the slow combustion method show that the natural gas 
supplied to Pittsburgh from the Appalachian fields contains about 83% CH 4 , 
16% CaHe, and 1% nitrogen. The proportions vary from time to time during 


the year. . j 

This gas Is almost all methane but contains small amounts of ethane and 

propane and some of the* higher hoinologucs. , . 1 i . • 

A typical analysis with the calculation from the analytical data is given 


herewith : 


Typical Analysis and Calculation 


Sample taken 

Volume after CO 2 absorption 
Portion taken for combustion 

Ox>^gen added 

Total volume 

Volume after burning. . . 

Contraction 

Volume after CO3 absorption 
Carbon dioxide 


Burette Readings 

30.70 

30.70 

30.70 

, . 74.85 

. . . 105.55 
. . . 42.30 
. . . 63.25 
. . . 7.20 

35.10 


(ml.) 


CH4 and C 2 H 6 arc calculated from the theoretical equations as follows: 

Let a: — methane, 
and y = ethane. 

Then 2x 4-2.6?/ total contraction, 
and z+‘lOy = COt produced. 

C!H6=15.1%. 

CH, = 8-i.l%. 


Total paraffins = 99.2%. 
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They are calculated from the corrected equation as follows: 


Let = methane, 
and ?/ = ethane. 

Then 2.004a:-f 2.5?/ = total contraction, 
and 0.996xH-2.0y = C 02 produced. 
CJL = 15.7%. 

CH, = 83.1%. 


Total paraffins = 98.8%. 

Gasoline content is determined according to the method on p. 2408. 

Beam Test for Determining the Presence of 
Suspended ^Iatter in Gases 

Tyndall demonstrated that dust particles are responsible for the visibility 
of rays of light, such as the sun beam or the beam of the searchlight. He did 
not make clear the best conditions enabling one to see the beam produced by 
minute amounts of suspended matter in purified gases, nor did he show that a 
gas free of dust may still produce a beam in presence of liquid mist. The 
opinion commonly current regarding the conditions necessary to see the beam 
produced by light rays in purified gas, is that the rays should be parallel and 

Beam Test for Suspended Matters in Gases 



should be \icwed with the visual axis at right angles to this beam. Observing 
these conditions the author failed to .see the beam using direct sunlight, but 
discovered that a cone of light from an arc light gave a distinct beam. This 
led to the discovery that the beam is best viewed by glancing towards the source 
of light. Accordingly the apparatus shown in Fig. 383 was designed. 

For the examination of a corrosive gas, it is advisable to have the chamber 
of the camera made of a material not affected by that gas. For example, m 
Contributed by Wilfred W. Scott. 
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examining purified contact gas a lead chamber is recommended. The interior 
of the chamber is blackened with dull paint that is a poor light reflector. In 
the apparatus shown, circular glass discs close the ends of the tubes “ a/’ “ 6 ” 
and cJ' The gas examined enters near the eyepiece h ” and passes out at 
the opposite large end. The ray of light is directed through a small opening, 
either circular (diam. 1 cm.) or a narrow slit, located at “ a ” and passes through 
the arm of the tube and out through a glass window at “ c.” The idea is to 
avoid light reflection in the chamber, as this would cause a glow in the tube 
and greatly reduce the sensibility of the test. 



Fia. 384. Apparatus for Ascertaining the Pressure of Suspended Material in a Gas by 
Means of a Beam of Light. 

The beam caused by liquid mist alone appears as a uniform pencil or band 
of light, whereas dust particles produce a sparkling effect or irregular flashes 
of light. The beam is more intense with the gas in motion. Within certain 
limits the intensity of the beam is directly proportional to amount of suspended 
matter in the gas. 

If the gas is dry the beam is completely removed by passing the gas through 
a three-inch mat of loosely carded purified asbestos. If the gas, thus purified 
of solid matter, is passed through a liquid the beam again becomes apparent. 
From this it is evident that the test must be applied to dry gas if it is desired to 
ascertain the presence of solid matter in suspension. 

Fig. 387 shows the apparatus set up for ascertaining the effectiveness of a 
scrubber in a quantitative determination of the solid and liquid suspended 
matter in a gas. The apparatus is so arranged that comparisons may be made 
of the un filtered gas, by means of a bypass with that of the filtered or purified 
gas. Advantage is taken of the difference in pressures at A and so that a 
continuous sample may be taken of the gas without the necessity of an aspirator. 
A hand arc light shown on the left furnishes the rays of light which enter at a 
and pass out into the air at “ c.’' The beam is viewed through the eyepiece 
“ t.” The meter measures the volume of gas aspirated. 

Detehmination of Solid and Liquid Impurities in a 

Solid or liquid impurities suspended in a gas may be removed quantitatively 

passing the gas through a filter of loosely carded dry asbestos. A filter two 

Contributed by Wilfred W. Scott. 
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inches thick and inches in diameter is effective in removing suspended 
matter completely with gas passing through it at the rate of 2 to 3 liters per 
second (5 to 7 cubic feet per minute). It is essential that the asbestos be free 
from condensed moisture as a soggy filter is not effective for gas filtration. 

Determination of Sulfuric Acid Mist in Gas, — The gas is aspirated through 
a filter of well -carded, blue fibre, purified asbestos, the asbestos extracted with 
water and the extract titrated with standard alkali. 

Apparatus. — An ordinary 1)^ inch filter tube funnel (see Fig. 386) with 
long stem, to permit a sample being drawm directly from the flue may be used. 
If the gas is supersaturated with moisture it is advisable to use the form of 
apparatus shown in Fig. 385, the bottle serving as a condensing chamber to 
avoid water condensation on the asbestos. Occasionally it is necessary to 
pass the gas through two such chambers to remove the condensed moisture 
from warm moist gases. 




Fiq. 385. Apparatus for Determining iSoUds 
and Liquid Mist in Wet Gases. 


Fig. 386, Filter for Gases. 


The funnel is packed first with a layer of glass wool, followed by a two-inch 
layer of well-carded, purified, blue asbestos, and finally a second layer of glass 
wool. The glass wool prevents the asbestos plugging the inlet and exit open- 
ings. Perforated disks may be used in place of the glass wool. 

The asbestos is the blue African form. White asbestos will not give accu- 
rate results as this is attacked slightly by dilute sulfuric acid and decidedly 
BO by strong sulfuric. The blue form is not appreciably attacked bo that the 
acid may be extracted as free acid by water. The asbestos is purified by digest- 
ing with nitric acid, followed by a second digestion with hydrochloric acid. 
The material is now thoroughly washed to remove the acids and is dried. "lb® 
dry asbestos is placed in wide mouth bottles until required. Before using it is 
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carded or fluffed out by means of a pick and then placed loosely in the funnel 
to be used in the test. 

Impurities in Gases 

The Test. — The gas is aspirated through the filter at the rate of about five 
cubic feet per minute, the gas being measured by a dry gas meter following the 
apparatus. When a volume of 10 to 100 cubic feet of gas has been aspirated, 
the amount depending upon the amount of acid mist present in the gas, the 
asbestos filter is placed in a beaker. (If SO 2 is present in the gas, as is the case 
in contact sulfur gases, air is first passed through the asbestos to remove 
the SO 2 .) The tube is rinsed out, the rinsings added to the asbestos. The 
contents of the beaker is now transferred to a tw^o-inch Buechner funnel in 
position on a half-liter capacity suction bottle. The water is drawn out of the 



Fio. 387. Apparatus for Determining Solid or Liquid Impurities in Gases. 


asbestos and the filtrate passed through the mat, thus formed, to remove the 
asbestos fibers. The mat is washed with small portions of pure water, until 
free of acid and the extract, transferred to a beaker, is titrated with standard 
alkali. N/20 alkali has been found to be satisfactory. Methyl orange is used 

as an indicator. . , . j -u 1 

Determination of Arsenic in Gas. — The test is the same as the one described 
for determining sulfuric acid. An aliquot portion of the water extract is taken 
for a Gutzeit determination of arsenic. Tlie Gutzeit method is desenbed in 
full in the chapter on arsenic, Volume I. Arsenic in punfied contact gas is 

carried in the acid mist. . . • j v 

Determination of Chlorides.— A portion of the water extract, obtained by 

the procedure described under the test for acid in Sf® ^ a r 

paper if necessary, is examined for chloride by the turbiditj^ es ^ ^ ^ ® 

nitric acid followed by silver nitrate reagent. Comparison is made with a 
standard using either Ncssler tubes or a calorimeter. ^ c amoun o c 
is too great for a turbidity test a gravimetric determination should be made, 
or the aliquot portion taken should be sufficiently diluted with water to enable 

the turbidity t^t to be made. The standard should contain the same amount 

of sulfuric acid as the sample. The extract should be free o as 

Composition of Asbestos 

FeO ALGs MnO HiO 
24.4 
.9 


’ Asbestos 

SiOi 

CaO 

MgO 

Blue — African 

49.0 

1.2 

2.7 

White — Canadian 

' 40.3 

— ■ 

43.4 

White — Italian 

55.9 

17.8 

20.3 


AljG, 

11.9 

2.3 

4.3 


— 13.7 

1.1 — 
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Determination of Nitrogen by the Nitrometer 

The nitrometer, Fig. 388, consists of a gas-generating bulb fitted at the top 
with a tw'o-w’ay cock leading to a dissolving cup and a gas-exit tube, and which 
has at the bottom a connection for a rubber tube leading to a leveling tube, the 
whole being filled with mercury to a level just below the upper cock ; a cylindrical 
glass measuring tube graduated from 0-100 ml. connected to a leveling tube 



through a T-tube leading to an equilibrium tube. The latter is shaped like an 
inverted 100-ml. pipette graduated downward below the l>ulb from 100-130 ml. 
The whole system is filled with mercury so that the measuring tube may be 
completely discharged by raising the leveling tube. 

Adjusting the Equilibrium Tube, — The volume of 100 ml. of dry air at 
0® C. and 760 mm. under the temperature and barometric conditions prevailing 
at the time is calculated, 3 drops of 98% sulfuric acid are drawn into the tube 
and the level of the mercury fixed in accordance with the calculation. The 

Joyce and La Tourettc, J. Ind. Eng. Chem., 5, 1017 (1913). 
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cock of the tube is then closed and sealed with melted paraffin. The volume 
in this tube may be con^med at any time by opening the measuring tube and 
adjusting the leveling tube so that the level is the same in the three tubes The 
volume of gas in the equilibrium tube is then read and compared with the 
calculated volume at the time, a correction in the subsequent gas readings in the 
measuring tube being made accordingly. 

Nitrogen in Potassium Nitrate. Approximately 0.4 gram potassium nitrate 
is placed in a weighing tube, dried two hours at 110" C., desiccated twenty-four 
hours over sulfuric acid and weighed exactly by difference into the cup of the 
gas-generating bulb. This is dissolved in 9 ml. 95% sulfuric acid, added through 
a siphon thistle tube, entering the top of the dissolving cup through a tight- 
htting rubber stopper. When the salt is dissolved it is drawn into the gas- 
generating bulb and followed by two washings 1.5 ml. each of 95% acid. The 
bulb is then shaken with a motion normal to its long dimension until the volume 
of gas determined by a rough paper scale pasted on the leveling tube becomes 
constant, this operation taking from three to five minutes. 

The gas is passed into the measuring tube, and after standing five minutes 
the leveling and measuring tubes are so adjusted that the level in the equilibrium 
tube reads 100 ml. and is the same as the level in the measuring tube. The 
reading of the latter is then taken. As the temperature and barometric condi- 
tions, insofar as they affect the measured volume of the gas, are automatically 
compensated by the equilibrium tube, and as the gas is washed with sulfuric 
acid and is, therefore, dry, the percentage of nitrogen may be calculated directly, 
correcting only for the calibration of the equilibrium and measuring tubes. 
Seventeen determinations made when the room temperature ranged from 
20-28° gave 13.71% nitrogen, the theoretical being 13.84%. 

The nitrometer gives reliable results within 0.02% in nitrate nitrogen, using 
0.4-0.5 gram sample. It is not available for the determination of nitrogen in 
celluloid or other substances containing carbon ring compounds which appear 
to prevent the complete liberation of nitric oxide in the presence of sulfuric 
acid and mercury. 

Besides the corrections for calibration and standardization of the nitrometer 
in accordance with temperature and barometer, the gas readings should be 
corrected for solubility of nitric oxide, which diminishes when the temperature 
goes above 28° C., and the formation of other gases by the breaking up of the 
cellulose molecule which increases. 

The following table gives the algebraic sum of these two corrections for 
temperatures ranging from 20° to 35° C., for nitrocellulose. 


Temp. 

Ml. 

Temp. 

Ml. 

20.0-27.5. 

+0.90 

30.0 

-0.14 

28.0.. 

+0.74 

30.5 

-0.70 

29.0.. ; 

1 

+0.34 

31.0-35.0 1 

1 

-0.94 
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Compressed Gases and Their Handling 


The following gases are available commercially: 


Acetylene in acetone (prestolite) 

Ammonia 

Carbon dioxide 

Chlorine 

Ethylene 

Hydrogen 

Hydrogen Sulfide 

Metliane 

Nitrogen 

Nitrous oxide 

Ox>'gen 

Sulfur dioxide 


Argon 

Helium 

Krypton 

Neon 

Xenon 

Butane, Isobutane 
Butylene 

Ethane « 

Propane, cyclo-propane 
Propylene 

Ethyl and methyl chlorides 
Phosgene 


They are shipped in cylinders of special steel, of which seven sizes are 
available, fitted with valves and safety devices, and comply with the regulations 
of the Interstate Commerce Commission and its Bureau of Explosives. The 
valve stems used ^^^th corrosive gases are of Monel metal (68% nickel, 32% 
copper) to minimize the gas attack: for ammonia, no copper or copper contain- 
ing alloy is permissible, as it is attacked energetically. Cylinders containing 
ammonia and chlorine are made often witli siphon valves to enable the liquid 
gases to be dispensed from them. To prevent the possible mixing of oxygen 
or nitrous oxide \\ith combustible gases, the cylinders containing these (non 
combustible) gases are fitted with right-hand threads, whereas the others are 
fitted with left-hand threads. The table below shows this. 


Table Showing the Cylinders for Different Gases 


Right-hand 

Ammonia 

Carbon dioxide 

Nitrogen 

Nitrous oxide 

Oxygen 

Sulfur dioxide 

Oases containing oxygen 


Thrcjtd I.€ft-hand 

Air 

Blau gas 
Chlorine 

Hydrocarbons and their chlorides 

Hydrogen 

Phosgene 

Combustible gases 


When used, these cylinders are usually connected with a gage giving the 
original pressure, a reducing valve, another gage giving the working pressure, 
and then a needle valve. Gages showing the rate of flow and the capacity of 
the different cylinders at different pressures can also be had. Before coupling 
up this apparatus, the valve on the cylinder itself should always be tried by 
opening it a little, and then closing quickly, to make sure it does not stick; any 
foreign matter in the valve will be blown out. Care should be taken to insert 
suitable washers where necessary. Except with oxygen, a little grease, soap or 
oil may be used on the fittings or washers. Great care viust be used to exclude 
oil with oxygen jUtings, and new or repaired oxygen gages or fittings must be 
washed out with carbon tetrachloride until the extract leaves no residue on 
evaporation: dry air should then be drawn through them until the solvent is 
evaporated. Failure to do this has resulted in serious trouble. To avoid 

Booth, J. Chem. Education, 7, 1249 (19.30). 

Circular Ohio Chemical and Mfg. Co., Cleveland. 
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explosions, a reducing regulator for any other gas must not be used with oxygen 
or nitrous oxide, and the converse of the statement is equally true. Special 
fittings to permit the use of apparatus with right-hand threads with left-hand 
fittings and vice versa had best not be made or acquired, as this fitting has 
caused fatal accidents. 

As has been already stated, cylinders of compressed gases should be handled 
with care: attention has been called to two fatalities caused by dropping 
cylinders of compressed acetylene, a distance of about a foot. 

APPENDIX 
Reagents and Tables 


The reagents used in gas analysis, particularly in the absorption apparatus, 
are comparatively few and easily prepared. 

Hydrochloric Acid, sp.gr. 1.10. Dilute “ muriatic acid with an equal 
volume of water. In addition to its use for preparing cuprous chloride, it finds 
employment in neutralizing the caustic solutions which are unavoidably more or 
less spilled during their use. 

Fuming Sulfuric Acid. — Saturate “ fuming sulfuric acid with sulfuric 
anhydride, Ordinary sulfuric acid may be used instead of the other; in this 
case about an equal weight of sulfuric anhydride will be necessary. Absorption 
capacity, 1 ml. absorbs 8 ml. of ethene (ethylene). 

Acid Cuprous Chloride. — The directions given in the various textbooks 
being troublesome to execute, the following method, which is simpler, has been 
found to give equally good results: Cover the bottom of a two-liter bottle with 
a layer of copper oxide or “ scale ” in, deep, place in the bottle a number ^of 
pieces of rather stout copper wire reaching fT07n top to holiom, sufficient to make 
a bundle an inch in diameter, and fill the bottle with common hydrochloric acid 
of 1.10 sp.gr. The bottle is occasionally shaken, and when the solution is 
colorless, or nearly so, it is poured into the half-liter reagent bottles, containing 
copper wire, ready for use. The space left in the stock bottle should be im- 
mediately filled with hydrochloric acid (1.10 sp.gr.). . i • 

By thus adding acid or copper wire and copper oxide when either is ex- 
hausted, a constant supply of this reagent may be kept on hand. 

The absorption capacity of the reagent per ml. is, according to Winkler, 15 
ml. CO; according to Hempel 4 ml. The author’s experience with Orsats 


apparatus gave 1 ml. . . -i x- i 

Care should be taken that the copper wire does not become entirely dis- 
solved and that it extend from the top to the bottom of the ^ 
the stopper should be kept thoroughly greased the more effectually to keep 
out the air, which turns the solution brown and weakens it. , , 

AmmoiUacal Cuprous Chloride.-The acid cuprous chloride treated with 

ammonia until a faint odor of ammonia is ® j 

kept in it similarly to the acid solution. This alkaline solution has the ad- 
vantage that it can bo used when traces of hydrochlonc 
harmful to the subsequent determinations, tor ^^amp e, i , ^ 

of hydrogen by absorption with palladium. It has the ur 
soiling mercury as does the acid reagent. 

Absorption capacity} 1 ml. absorbs 1 ml. CO. 
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Cuprous chloride is at best a poor reagent for the absorption of carbon 
monoxide ; to obtain the greatest accuracy where the reagent has been much 
used, the gas should be passed into a fresh pipette or cuprous sulfate pipette 
for final absorption, and the operation continued until two consecutive read- 
ings agree exactly. 

Acid Cuprous Sulfate. — The chemists of the U. S. Steel Corporation make 
the solution as follows: The cuprous oxide is prepared in the wet way, as that 
obtained by the dry method gives a solution that acts too slowly. ICK) grams 
copper acetate are dissolved in a liter of water, filtered if necessary, boiled and 
reduced with 60 grams of glucose in 400 ml. of water, which is added to the 
boiling solution. The glucose is prepared by inverting 60 grams of cane sugar 
in 400 ml. of w’ater with 3 drops sulfuric acid and boiling 5 minutes. The 
excess acid is neutralized with calcium carbonate, the precipitate allowed to 
settle and filtered off. When the blue color has somewhat faded, the cuprous 
oxide is allowed to settle, washed with w'ater by decantation once with alcohol, 
filtered and dried at 90° to 100° or better in a vacuum desiccator and kept in a 
tightly stoppered bottle. 

Two hundred ml. of c.p. sulfuric acid are diluted with 25 ml. of water in the 
usual w’ay and cooled, 20 grams of the cuprous oxide are mixed with it in small 
quantities by grinding in a porcelain mortar until the oxide is in suspension: 
25 grams of beta naphthol are gradually added to the mixture in the same man- 
ner as the oxide. The mixture is filtered through glass wool kept above 15° 
to keep the naphthol in solution and well protected from the air. The solution 
is best fitted for use with the pipette, rather than the burette type of apparatus 
as the Elliott. 

Bromine Water. — Dilute saturated bromine water with twice its volume of 
water. This then contains about 1% of bromine. 

Hydrogen. — A simple and effective hydrogen generator can be made by 
joining two 6-in. calcium chloride jars by their tubulatures. Pure zinc is filled 
in as far as the constriction in one, and the mouth closed with a rubber stopper 
carrying a capillary tube and a pinchcock. The other jar is filled with sulfuric 
acid 1 : 5 which has been boiled and cooled out of excess of air. The mouth 
of this jar is closed with a rubber stopper carrying one of the rubber bags used 
on the simple pipettes. 

Standard Lime Water is prepared by adding 6.3 ml. of lime water, saturated 
at the ordinary temp>erature with CafOH)^, to a liter of distilled water prepared 
as follows. To a liter of distilled water add 2.5 ml. phenol phthalein (0.7 gni. 
in 100 ml. 50% alcohol) and titrate this with saturated lime water until a faint 
pink color is obtained which is permanent for one minute. 

Mercury. — The mercury used in gas analysis should be of sufficient purity as 
not to “ drag a tail when poured out from a clean vessel. It may perhaps be 
most conveniently cleaned, except from gold and silver, by the method of 
J. M. Crafts, which consists in drawing a moderate stream of air through the 
mercury contained in a tube about 3 ft. long and ins. internal diameter. 
The tube is supported in a mercury-tight V-shaped trough, of size sufficient 
to contain the metal if the tube breaks, one end being about 3 ins. higher than 
the other. Forty-eight hours’ passage of air is sufficient to purify any ordinary 
amalgam. The mercury may very well be kept in a large separatory funnel 
under a layer of strong sulfuric acid. 
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Or Meyer’s method may be used, A separatory funnel is used to hold 
the mercury. The delivery tube of the funnel is slightly narrowed 0.5 cm. from 
the lower end. Over this si(le is bound with twine a piece of rather closely 
woven muslin. The mercury is allowed to flow through the cloth into a solution 
of mercury nitrate contained in a tall cylinder, with stopcock at the lower end. 
The tip of the funnel with the muslin dips under the surface of the cleaning 
solution. The purified mercury is drained off from the bottom of the cylinder. 
It can also be purified except from traces of zinc by distillation. 

Mercury Poisoning. — Very few are aware of the danger to which they are 
exposed from the vapor of the metal when in ordinary use. This is undoubtedly 
due to the efficient ventilation of educational laboratories. Air at ordinary 
room temperature contains when saturated 12 mg. mercury per cubic meter, 
and 0.01 to 0.001 mg. are found in small closed rooms. This can be detected 
by a special apparatus using selenium sulfide.^^ 

The symptoms of mercurial poisoning are intermittent headache, nervous- 
ness, catarrh, weakening of the senses of smell and hearing, inflammation of 
the eyes, sore spots on the tongue and throat, and reddening and soreness of 
the gums with toothache. Further symptoms are mental weariness, shown in 
loss of memory and acumen, and general lassitude and lack of pep,” No 
medication appears to be of any use, only fresh air and time bring recovery. It 
seems to act as a cumulative poison, most of the mercury being retained in 
the lungs. 

To avoid poisoning, no spilled mercury should be allowed to lie around in 
trays, sinks, or on the floor, which should be tight — best covered with linoleum: 
containers should be stoppered, and work with open mercury done under the 
hood, unless forced ventilation be employed. It is thought the sufferings of 
Faraday in later years were due to mercurial poisoning. 

Palladous Chloride. — Five grams palladium wire are dissolved in a mixture 
of 30 ml. hydrochloric and 2 ml. nitric acid, this evaporated just to dryness on 
a water bath, redissolved in 5 ml. hydrochloric acid and 25 ml. water and 
warmed until solution is complete. It is diluted to 750 ml. and contains about 
1% of palladous chloride. It will absorb about two-thirds of its volume of 
hydrogen. 

Phosphorus.— Use the ordinary white phosphorus cast in sticks of a size 
suitable to pass through the opening of the tubulated pipette. 

Potassium Hydroxide. — (a) For carbon dioxide determination, 500 grams 
of commercial hydroxide are dissolved in 1 liter of water. 

Absorption Capacity. — One ml. absorbs 40 ml. CO 2 . 

(6) For the preparation of potassium pyrogallate for special work, 120 grams 
of the commercial hydroxide are dissolved in 100 ml. of water. 

Potassium P3rrogaUate. — Except for use with the Orsat or Hempel appara- 
tus, this solution should be prepared only when wanted. The most convenient 
method is to weigh out 5 grams of the solid acid upon a paper, pour it into a 
funnel inserted in the reagent bottle, and pour upon it 100 ml. of potassium 
hydroxide (a) or (5). The acid dissolves at once, and the solution is ready for 
use. 


J. H, Hildebrand, J. Am. Chem. Soc., 31. 934 (1909). 

Dennis, Ind. Eng, Chem., 18, 1205 (1926). , tav 10 

*** Made by the General Electric Co. See Nordlander, Ind. Eng, Chem., 19, 518 
(1927). 
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If the percentage of oxygen in the mixture does not exceed 28, solution (a) 
may be used;“^ if this amount be exceeded, (6) must be employed. Otherwise 
carbon monoxide may be given off even to the extent of 6%, 

Attention is called to the fact that the use of potassium hydroxide purified 
by alcohol has given rise to erroneous results. 

Absorption Capacity. — One ml. absorbs 2 ml. O 2 . 

Sodium Hydroxide. — Dissolve the commercial hydroxide in three times its 
weight of water. This may be employed in all cases where solution (a) of 
potassium hydroxide is used. The chief advantage in its use is its cheapness. 
Sodium pyrogallate is, however, a trifle slower in its action than*' the cor- 
responding potassium salt. 

Table 1 


COXSTAXTS OF THE OaSES 


Ga3 

Sp.Gr. 

to 

Air 

Calcu- 

lated 

Wt./ 
T.itcr in 
Grams, 
0^, 

760 mm. 

Sp.Ht./ 

Cu.Ft. 

at 

Atmos. 
Press., 
62“ F,, 
C.P. 

' Press, 
at 

20“ C. 
Ij£. 

ExplcH 

sivity 

Gas in 
Air 

Sol. of Gas in 1 Liter 
of Water in ml. 

ILPt. 

“C. 

M.Pt. 

“C. 

At 0“ 

At 20“ C. 

TfXHi.. . 

0.5971 

0.7710 

.0234 

125 

16.5 -26-8 

1.176,000 

702,000 

- 33.1 

- 77.7 


INOi... , 

1.5906 

2.0563 






22 

- 9 


Ch 

2.4494 

3.214 


97 



2,229 

- 34.6 

-102 


HCT.,.. 

1.26a4 

1.6392 

.0183 

620 


50.5,000 

444.000 

- 85 

-111 


(CX)a. . 

1.7968 

2.3229 


73 



4, .500 

- 20.5 

- 34.4 

TT 

HCN 

0 . 0.359 

1.2006 






26 

- 14 

11 

SOi. .. . 

2.224 

2.9269 

.0260 

48 


79,789 

30,.374 

- 10 

- 72.7 


H-S.,. . 

1.1769 

1.5392 


1.50 

4.3 ^6.0 

4,370 

2.905 

- 60,2 

- 82.9 


SiF,.... 

3.60 

4.684 


,50 


Comp 

leteU’^ 

- 90 

— 77 


CO 2 ,... 

1.5290 

1.0777 1 

.0243 

870 


1.713 

' 874 

- 78.-5 

- .56 


PHi... 

1 1 1829 

1,.5293 




2,500? 


- 87.4 

-132. 5 

III 

AsUi... 

2.695 

3.4944 




200 

- ,>t.8 ; 

-11.3,.5 


Sbllj. . . 

1 4.360 

5.6 






- 17 

- 8.3 

IV 

Oj 

1.10.723 

1.4290 1 

.0182 

1800 


49.61 

.31-71 

-183 

-21S.4 


0 » 

1.624 

3.0000 1 






-112 1 

-251 

V 

CO , . . . 

' .9671 

1 . 2 . 5 m 1 

.0180 


12..5 -7.5.0 

.35.37 

23,19 

-190 1 

-212.6 

VI 

NO 

1.0.367 

1.3402 1 

.0183 



73,81 

47.06 

-1,50.2 1 

-160,9 


Hi 

1 .0604 

.0898.5 

.0181 


4,1,V7.5.0 

21,. 53 

18.37 

-2.52.77 

-2.59.2 


CH*.... 

. 5.545 

.7168 

.025 , 


4.9 -1,5.4 

55.6,3 

33.08 

-161.4 

-184 


CiIIi... 

.00.56 

1.173 

.024 


1,5 -80.5 


lai 

- 83.6 

- 81.8 


C 1 H 4 ... 

.9684 

1.2609 i 

.020 , 


3.2 -34.0 

226 

122 

-103.9 

-169.4 

Vll' 

NiO... . 

1. .5.301 

1.977 ; 

.0256 



130. 52 

67.00 

- 89.7 

-1024 


Nj 

.9673 

1.2.505 1 

.0182 



23.-59 

15.9S 

- 195.8 

-209.8 


COS, . . 

2.075 

2,727 




1,.34H 

.568 

- 48.0 

-138 


air 

1 

1-293 1 

.0241 1 


1 

24.7 

17.0 




Clowes, Jour. Soc. Chem. Indiist^, IS, 170 (1896). 

*** See also in this connection Bur. Mines Bulletin 279. Coward & Jones, “Limits of 
Inflammability of Gases and Vapors.” Also Bulletin 30, “Explosibility of Methane and 
Natural Gas.” 
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Table 2 

Table Showing the Tension of Aqueous Vapob and Also the Weight in Grams 
Contained in a Cubic Meter of Air when Saturated from 5 ° to 30® C.22* 


Temp. 

Tenwon, 

mm. 

Grams 

Temp, 

Tension, 

mm. 

Grams 

Temp. 

Tension, 

mm. 

Grams 

5 

6.5 

6.8 

14 

11.9 

12.0 

23 

20.9 

20.4 

6 

7.0 

7.3 

15 

12.7 

12.8 

24 

22.2 

21.5 

7 

7.5 

7.7 

16 

13.5 

13.6 

25 

23.6 

22,9 

8 

8.0 

8.1 

17 

14.4 

14.5 

26 

25.0 

24.2 

9 ; 

8.5 

8.8 

18 

15.4 

15.1 

27 

26.5 

25.6 

10 1 

9.1 

9.4 

19 

16.3 : 

16.2 

28 

28,1 i 

27.0 

11 

9.8 

10.0 

20 

17.4 

17.2 

29 

29.8 

28.6 

12 I 

10.4 

10.6 

21 

18.5 

18.2 

30 

31.5 

29.2 

13 

11.1 

11.3 

22 

19,7 

19.3 





Table 3 


Specific Heats B.t.u. per Pound of Gases at Constant Pressure c.p. 


Air 

Carbon dioxide 
Carbonic oxide 

Hydrogen 

^‘llluminants” . 

Methane 

Nitrogen 

Oxygen 

Aqueous vapor 


Volumetric 

0.241 0.019 

0.210 0.027 

0.243 0.019 

3.420 0.019 

0.400^26 0.040 

0.593 0.027 

0.247 0.019 

0.217 0.019 

0.480 


The volumetric ” specific heat is the quantity of lieat necessary to raise the tem- 
perature of 1 cu. ft. of gas from 32® F. U) 33® F. 


*** Gases are about 10 times as soluble in kerosene, Z. physik. Chem., 1, /O (1887). 
H. L. Payne, Jour. and Applied Chem., 7, 233. 

Ethylene. 
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Table 4 

Calorific Power of Various Gases ^ ix British Thermal Units per Cubic Foot 
AT 30 IN. Pressure 


Name 

S3'mboI 

60° F, Initial 

j 

32° F. Initial 
32“ F. Final 

Ignition Point 
“ F. 

Hydrogen 

' i 

325 1 

345.4 

1085 

Carbonic oxide 

1 CO 

323 

341.2 

1200«o 

Methane 

CH 4 

1008 

1065,0 1 

1230 

Illuminants 

1900 

2000.0 1 

Ethane 

eiju 

1778 

1861, 0 1 

1140 

Propane 

1 CjHs 

2.513 

2657.0 i 

1015 

Butane 

1 Cdl.Q 

3269 

3441.0 


Pentane 

C 5 HI 2 

4022 1 

4255.0 1 


Hexane 


1 4744 1 

.5017,0 i 

im 

Ethylene 

' CJL 

i 1583 

1674.0 

1010 230 

Propylene 


2340 

2.509,0 

940 

Benzene 

CsHe 

3711 1 

4012.0 


Acetylene 


1483 

1477.0 

788 “0 


Table 5 


English and Metric Kc*:;ivalents 


1 pound =4.53.59 graiiLs 

1 cubic inch = 16..39 ml. 

1 cubic foot =28. .3 1.5 liters 

1 B.t.u. per cu, ft. =8.89 calorie [xt cubic motor 
1 in. HjO pres.sure = 1,87 mm, Ilg pros.surc 


I calorie =3.969 B.t.u. 

I cubic motor =.3.5.31 cu. ft. 

1 calorie jkt cu. meter =0.1 124 B.t.u. 

1 mm. Hg pressure =0.53.5 in. lIjO 
pressure 


H. L. Payne, already cited. 

Where obtained by cracking oil. 

The chief constituent of ga.soline. 

Dixon and Coward, Proc. Chem. Soc., 26, 67. 
^ Gas Chemists' Handbook. 

Calcuiatcd. 
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The following table assembled from compilations by Henderson and Haggard 
shows the: 


Dangerous Concentrations of the Various Gases in Parts /Million 





u 


-3 


-3 








•i 


1 


■< 

< 

< 

D 

02 

1 

p 

Ph 

2 

Q 

e 

S. 

dS 

> 



i 

'2 

s 

_o 

i 


o 

>> 

J 

f 


1 

1 ® 



■< 


o 

w 

R 


R 


tC 

rn 

o 

ta 

Least detectible odor — 
Least ain't irritating to 

53 



3.5 







3-5 

20 

300 


eyes 

698 












Least am't irritating to 

throat . 

Least amount causing 

408 



15.1 





62 

100 


S-12 



20 

coughing 

Maj. foncentration for 

1720 1 



30.2 

10 


3 

100- 

laO 




39 

10 

prolonged exposure . , . 

100 i 


100 

1.0 





Maj. concentration for 








300 


100- 

50- 



hr. exposure 

300-500 


600 

4- 

50 

50-60 

10 


200 

lOO 



Dangerous for short ex- 
posure 

2500- 

4.500 

50 

1.500 

2000 

40- 

60 

1000- 

2500 

120- 

150 

50- 

250 

500- 

700 

117- 

154 

400- 

GOO 

400- 

500 

11,000- 

22,000 

3130- 

4700 

Uapidly fatal for short 
exposure 

5000- 

10,000 

30 min. 
2.50 

4000 

1000 


3000 


3000 

775 

2000 


24,300 

19,000 


^ “Noxious Gases and the Principles of Respiration Influencing their Action. 
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Table 7 


Volumetric Factors 

1 ml. of the Different X (10 Solutions Corre^nds to the Foilowing Volumes arid Weights 
of the Different Gases 


Gas 

ItCI 

KMnO, 

Nsl-SjO, 

NaOH 

AgNOj 

r 














Ml. 

Mg. 

Ml. 

Mg. 

Ml . 

Mg. 

Ml . 

Mg. 

Ml. 

Mg. 

Ml. 

Mg. 

Ch 





1.12 

3 . o 4 o 







C02 







1.12 

2.20 





HCX.... 







2.24 

2.702 

2.24 

2.702 



HCl 

2.24 

3.646 





2.24 

3.646 

2.24 

3.646 



HS 



1.12 

1.704 







1.12 

1.704 

NO 



2.231 

3.00 









XOi 



2.24 

4.60 



2.24 

4.60 





NH, 

i 2.24 

1.703 


i 

1 

1 

1 







SO* 



1.118 

, 3.20 


i 

1.118 

. 3.20 



1.118 

3.20 

0, 

i 




i 

12.4 ; 



1 




(CN)2.. 







1.120 

2.6008 

; 1.120 

2.6008 




Table 8 

Data on Cylinders for Compressed Gases 


Style 

A.\A 1 

B 

C 

D 

E 

F 

G 

H 

Diameter ihches 

' 2 i 

3K 

^y?. 

4M 

4y?. 

5H 

8H 

9 

Height inches 

12 1 

16 

18 

20 

29 

55 

55 1 

55 

Capacity cu. in. 1 

— 

90 

142 1 

177 

288 i 

930 

2380 1 

2660 

Capacity cu, ft i 

— 

.052 

.082 1 

.102 

,166 

0.537 

1.375 i 

1..54 

Capacity cu. cm 

— , 

1474 

2326 1 

2900 

4723 

15252 

39032 

43624 


The smaller cylinders from E to AAA have no threads on them to couple to fittings: 
they are connect^ to apparatus by a simple yoke with a hose connection. 
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Table 9 

Correction Factors for Gas Volume 

[Multiply observed volume of saturated gas by factor to correct to volume of saturated 
^ gas at 30 inches of mercury pressure (32® F.) and 60“ 


Total Gas Pressure — Inches of l^Tercury 


ture 

^8.0 














28.1 

28.2 

28.3 

28.4 

28.0 

28 6 

28.7 

2S.8 

28.0 

29.0 

29.1 

29.2 

op 

99 

0.825 

0,828 

0.S3I 

0,834 

0.8.37 

0 840 

0.844 

0.847 

0.850 

0.853 

0.856 

0.8,59 

1.863 

98 

.828 

.831 

.834 

.838 

.841 

.844 

.847 

.850 

.853 

.856 

.860 

.863 

,866 

97 

.831 

,834 

.838 

.841 

.844 

.847 

.850 

.8,53 

.8,56 

.860 

.863 

.866 

.869 

96 

,834 

.838 

.811 

.844 

.847 

.8.50 

.853 

.8,56 

.860 

.863 

.866 

.869 

.872 

95 

.837 

.841 

.844 

.847 

.850 

.8.53 

,856 

.860 

.863 

.866 

.869 

.872 

.876 

94 

.841 

.844 

.847 

.850 

.853 

.8.56 

.860 

.863 

.866 

.869 

,872 

.876 

.879 

93 

,844 

,847 

.8,50 

.853 

.8,56 

.860 

.863 

.866 

.869 

.872 

.876 

.879 

.882 

9*^ 

.847 

.850 

.853 

.8,56 

.860 

.863 

.866 

.869 

.872 

.875 

.879 

.882 

.885 

91 

.8,50 

.8.53 

.850 

.8.59 

.862 

.866 

,869 

,872 

.875 

.878 

.882 

.885 

,888 

90 

.853 

.856 

.859 

.862 

.866 

.869 

.872 

.875 

.878 

.882 

.885 

.888 

.891 

89 

.856 

,859 

.862 

.865 

.868 

.872 

.875 

.878 

.881 

.885 

.888 

.891 

.894 

88 

.859 

.862 

.805 

.808 

.872 

.875 

.878 

.881 

.884 

.888 

.891 

.894 

.897 

87 

.861 

.80,5 

.8.58 

.871 

.874 

.878 

.881 

.884 

.887 

.890 

.894 

.897 

.900 

86 

.864 

,808 

.871 

.874 

.877 

.880 

.884 

.887 

.890 

.893 

.897 

.900 

.903 

85 

.867 

.870 

.874 

.877 

.880 

.883 

.887 

.890 

.893 

.806 

.900 

.903 

,906 

84 

.870 

.873 

.876 

.880 

.883 

.886 

.890 

.893 

.896 

.899 

.902 

.906 

.909 

83 

.873 

.876 

.870 

.883 

.886 

.880 

.892 

.896 

.899 

.902 

.005 

.909 

.012 

82 

876 

.879 

.882 

.885 

.889 

.892 

.895 

.898 

.902 

.905 

,908 

.911 

.915 

81 

.878 

.882 

.885 

.888 

.891 

.895 

.898 

.901 

.904 

.908 

.911 

.914 

.918 

80 

.881 

.884 

.888 

.891 

.894 

.897 

.901 

.904 

.907 

.910 

.914 

.917 

.920 

79 

.884 

,887 

.890 

.804 

.897 

.900 i 

.904 

.007 

.910 

.913 

j .916 

.020 

.923 

78 

^887 

,800 

.893 

.806 

.9(X) 

.903 

.906 

.910 

.913 

.916 

: .919 

.923 

.926 

77 < 

.889 

.892 

.896 

.890 

.902 

.906 

.909 

.912 

.916 

.910 

.922 

.925 

.929 

76 

.892 

895 

,898 

.902 

.905 

.908 

.912 

.915 

.918 

.021 

.925 

.928 

.931 

75 

.894 

.898 

.901 1 

.904 

.908 

.911 

.914 

.918 

.921 

.924 

.928 

.931 

.93*4 

74 

.897 

900 

'.9(H 

.907 

.910 

.914 

.917 

.920 

.924 

.927 

.930 

,933 

.937 

73 

72 

.900 

902 

.903 

906 

.906 

,900 

.910 

.912 

.913 

.916 

.016 

.919 

.020 

.922 

.923 

.926 

.926 

.929 

.930 

.932 

.934 

.938 

9.36 

.939 

.939 

.942 

71 

70 

^905 

.907 

.90S 

.911 

.912 

.914 

.915 

.917 

.918 

.921 

.022 

.024 

.925 

.927 

.928 

.931 

.931 

.934 

.935 

.937 

.938 

.941 

.941 

.944 

.945 

.947 

69 

68 

67 

66 

65 

.910 

.912 

.915 

.917 

.920 

.913 

.916 

.918 

.021 

.923 

.017 

.919 

.922 

.924 

.927 

.920 

.922 

.925 

,928 

.930 

.923 

.926 

.923 

.931 

.933 

.027 

.020 

.032 

.034 

.937 

.930 

.932 

.935 

.938 

.9^0 

.933 

.936 

.938 

.941 

.944 

.937 

.939 

.942 

.944 

.947 

,940 

.942 

.945 

,948 

,950 

.943 

.946 

.948 

.951 

.954 

.947 

.949 

.952 

.954 

.9.57 

.950 

.9,52 

.955 

.958 

.960 

64 

63 

62 

61 

60 

.922 

.925 

.027 

.930 

.032 

.926 

.928 

.931 

.933 

.936 

.929 

.932 

,934 

.936 

.939 

.932 

.035 

,037 

,040 

,943 

.936 

.938 

.941 

.943 

.946 

.939 

.942 

.944 

.947 

,949 

.943 

.945 

.948 

.950 

.953 

.946 

.948 

.951 

.953 

.9.56 

.949 

.9.52 

.954 

.957 

.959 

.953 

.955 

.958 

.960 

.963 

.956 

.959 

.961 

.964 

.966 

.959 

.962 

.964 

.967 

.969 

.963 

.965 

.968 

.970 

,973 


(P-F)(60-h459.4) 

23* Formula used : Correction factor = 4 ^(^ 30 - 0 . 517 ^) 

total gas pressure 
vapor pressure of water at i 
temperature erf gas (" F.)* 
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Correction Factors for Gas Volume — Conlinued 

[Multiply observed volume of saturated gas by factor to correct to volume of saturated 
gas at 30 inches of mercury pressure (32° F.) and 60° F.”'] 


Tempera- 


Total Gas Pressure— Inches of Mercury — Continued 


ture 

29.3 

29.4 

39.5 

39.6 

29.7 

29-8 

29,9 

30.0 

30.1 

30-2 

30.3 

30.4 

30..5 

®F. 

99 

0.866 

0.869 

0.872 

0.875 

0.878 

0.8.S2 

0,885 

O-SSS 

0,891 

0.894 

0.897 

0.900 

0.904 

9S 

.869 

.872 

.875 

.879 

.882 

.885 

.888 

.891 

.894 

.898 

.901 

.904 

.907 

97 

.872 

.876 

.879 

.882 

.885 

.888 

.891 

.894 

,898 

.901 

.904 

.907 

.910 

96 

.876 

.879 

,882 

.885 

.8.SS 

.891 

,895 

.898 

.901 

.904 

.907 

.910 

.914 

9.i 

.879 

.882 

.885 

.888 

.892 

.895 

.898 

.901 

.904 

.907 

.911 

.914 

.917 

94 

.882 

.&83 

.888 

.892 

.895 

.898 

.901 

.904 

.907 

,911 

.914 

.917 

,920 

93 

.885 

.888 

.892 

.805 

.898 

.901 

.904 

.908 

.911 

.914 

,917 

.920 

.92.'! 

93 

•S-SS 

-891 

.895 

.898 

.901 

.901 

.907 

.911 

.914 

.917 

.020 

.923 

.027 

91 

.891 

-894 

.898 

.901 

.904 

.907 

.910 

,914 

.917 

.920 

.023 

.926 

,930 

90 

.894 

.898 

.901 

.904 

.907 

.910 

.914 

.917 

.920 

.923 

.026 

.930 

.933 

89 

.897 

.901 

.904 

.907 

.910 

914 

.917 

.920 

.923 

.926 

.930 

.933 

9.30 

88 

.900 

.904 

.907 

.910 

.913 

.916 

.930 

.923 

.926 

.929 

.03.3 

.936 

.9,39 

87 

.90-3 

.907 

.910 

.913 

.916 

.930 

.933 

.936 

.939 

.932 

.936 

.939 

.942 

86 

.906 

.910 

.913 

.916 

.919 

.932 

.926 

.929 

.932 

.935 

.939 

.942 

.94,5 

83 

.909 

.912 

.916 

.919 

.922 

.925 

.929 

.932 

.935 

.938 

.942 

.945 

.918 

84 

.912 

.915 

.919 

,922 

.925 

.928 

.932 

.935 

.938 

.941 

.945 

.948 

9.51 

S3 

.915 

.918 

.922 

,92,5 

.928 

.931 

.934 

.938 

.941 

.944 

.948 

.951 

.0;>4 

S3 

.918 

,921 

.924 

.928 

,931 

.934 

.937 

.941 

.944 

.947 

.950 

.9.54 

.957 

81 

.921 

.924 

.927 

.9-30 

.9.34 

,937 

,940 

.944 

.947 

.9.50 

.9.53 

.957 

.900 

80 

,924 

.927 

.930 

.933 

.937 

.940 

,943 

,946 

-9.50 

.953 

.956 

.960 

.963 

79 

.926 

.930 

.9a3 

.936 

,940 

.94.3 

.946 

.949 

.952 

.9.56 : 

.959 i 

.962 

.906 

78 

' .929 i 

.932 

.936 

.939 

.942 

.946 

.949 

.952 i 

.955 i 

.9.59 

-962 i 

.965 i 

.908 

Tt 

' .933 i 

.93.5 

.938 

.942 

.945 

.948 

.9.52 

.955 1 

.958 i 

.961 

.965 

.068 

.971 

76 

' .935 i 

.9.38 

.041 

i .944 

.948 

.9.51 

.954 

.9.58 

.961 

.964 

.968 

.971 

.974 

7o 

-937 1 

.941 

-94-4 

,947 

.950 

.954 

-957 

.960 j 

.964 1 

,967 

.970 

.974 1 

.977 

74 

1 

1 .940 1 

.94.3 

.947 

.9.50 

-9.5.3 

.9.57 

.960 

.96,3 ' 

.966 

.970 

.973 

.976 

.9.80 

73 

.943 1 

.946 

.949 

,9.53 

.956 

.959 

.963 

.966 1 

.969 i 

■ .972 

.976 

-970 

.9-82 

72 

.94.5 1 

.949 

.9.52 

.9.55 

.9,59 

.962 

.965 

.969 i 

.972 

.975 

.978 

.982 

•O.S.j 

71 

■ .948 

.951 

.9,55 

.9.58 

.961 

.963 

.968 

.971 

.975 

.978 

.981 

.985 

.9,8-8 

70 

.9.31 

.9.54 

.957 

.961 

.954 

.967 

.971 

.974 

.977 1 

.981 

.984 

.987 1 

.991 

69 

■ .9.53 

.957 

.960 

.963 

.967 

.970 

.973 

.977 

.980 

.083 

.087 

.900 

.993 

68 

.9.56 

.9,59 

.062 

.966 

.969 

.97.3 

.976 

.979 

.983 

.986 

.089 

.993 


67 

.958 

,962 

.965 

.968 

.972 

.975 

.979 

.982 

.985 

.989 

.092 

.905 

.999 

66 

.961 

.964 

.068 

.971 

.974 

.978 

.981 

.984 

.988 

.991 

.995 

.998 

I.(Xll 

65 

.964 

.967 

.970 

.974 

.977 

.980 

.984 

.987 

.990 

.994 i 

.997 

l.OOl , 

1.004 

W 

.966 

.970 

.973 

.976 

,980 

.983 

.086 

.900 

.90.3 

.906 

1.000 

1.003 

I (K)7 

63 

i .969 

.972 

.97.5 

.979 

,982 

.986 

.989 

.992 

.996 

.9^W 

1.002 

1.006 

l.(X}9 

62 

.971 

.975 

.978 

.981 

.98,5 

.988 

.992 

.995 

.998 

1.002 1 

1.005 

1.008 , 

1.012 

61 

.974 

.977 

.080 

.984 

,987 

.991 

.994 

.997 

1.001 

1.004 1 

l.OOS 

l.Oll 

1.014 

60 

' .976 

1 

.980 

.98.3 

.986 

.O'K) 

.993 

.997 

1-000 

1.003 

1.007 

l.OlO 

1 

1.014 

i 

1.017 


*3* Formula used: Correction factor = 

P = total gas pressure 
^ = vapor pressure of water at 
/ — temperature of gas (“ F.J, 


f/>-^)r60+4o0.4) 

(/+459.4)(;i0-0.5170) 



GAS ANALYSIS 


2431 


Table 10 

Emergent Stem Corrections to Readings of Outlet-Water Thermometers for 
Different Immersions of Thermometers in Calorimeter 


[Table applicable when temperature of inlet water is approximately equal to 
room temperature^ 



1 Temper- 
ature 
Rise of 
Water 

Temperature of Room 

50'’ 

60'’ 

70“" 

' 80'’ 

90'’ 

100'’ 



°F. 








1 

f 10 

+0.02 

+0.03 

+0.04 

+0.05 

+0.05 

1+0.06 

Thermometer immersed to 30° F. . 


15 

+ .04 

+ .05 

+ .06 

+ .07 

+.09 

+.10 


1 

20 

+.06 

+ .07 

+ .09 

+.n 

+ .13 

+ .15 


1 

[lO 

+ .01 

+ .02 

+ .03 

+ .03 

+ .04 

+ .05 

i'hermometer immersed to 40° F. , 


15 

+ .03 

+ .04 

+ .05 

+ .06 

+ .08 

+ .09 



1 20 

+ .04 

+ .05 

+ .07 

+ .09 

+.11 

+ .12 


1 

10 

+ .01 

+ .01 

+ .02 

+ .03 

+ .04 

+ .05 

Thermometer immersed to 50° F. . 


15 

+ .02 

+ .03! 

+ .04 

+ .05 

+ .07: 

+ .08 



20 

+ .02 

+ .04 : 

+ .06 i 

+ .07 1 

+ .09 1 

+ .11 



10 

+ .00 

+ .01 

+ .02 

+ .02 

+ .03 

+.04 

Thermometer immersed to 60° F. . 


15 

+ .00 

+.01 

+ .03 

+ .04: 

+ .05 

+.06 



[20 

+ .00 

+ .02 

+ .04 

+.05 1 

+ .07 1 

+ .09 


This table is not applicable if the emergent portion of the stem includes an enlarge- 
ment in the capillary. 

Instead of using the above table, it will probably be somewhat more convenient to 
make out a stem-correction tablcyfor the particular outlet- water thermometer that is to 
be used with the calorimeter, the data for this separate stem-correction table being 
interpolated from the above table. 

Suppose, for example, the outlet-w'ater thermometer to be used was one that was 
immers^ to the 30° F. mark on the scale, and a stem-correction tabic were wanted for 
an 18° F. rise in temperature, then from the above table we obtain the follow^ing stem- 
correction table: 


Stem Correction for Outlet-Water Thermometer No. — 


[Table applicable when inlet water is approximately at room temperature, W'hen 
thermometer is immersed to the 30° F. mark, and when the temperature 
rise is approximately 18° F.] 


Inlet- water Temperature 

Stem Correction 

Inlet -water Temperature 

Stem Cwrection 

« F ! 

O 

° F. 


.50 i 

0.05 

SO 1 

0.09 

60 1 

.00 

90 

.11 

70 

.08 

100 1 

.13 


In the same W’ay a table could be made out for any outlet- WRter thermometer by 
interpolation in the general table. TIic table so prepared would apply for the particular 
lK>int to which the thermometer w^as immersed and for the particular rise m temperature 
with which the observer had chosen to work. 
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ADVANTAGES OF MICROSCOPICAL METHODS 

If the tenn “chemical analysis” is construed in a broad sense, it covers 
determinations of properties and behavior as well as of composition. Most 
purely chemical data must ultimately be translated into comparisons of purity, 
costs, strength, or other aspects of the history or future performance of the 
material in question, but such interpretations are frequently indirect and 
inconclusive. The great advantage of microscopical methods in analytical 
chemistry lies in the directness of the information which they yield and the 
rapidity with which it is obtainable. The ability to deal with minute amounts 
of material is in most cases secondary to that of being able to observe the actual 
physical condition of the sample and the phenomena which it exhibits, in a 
vivid “close-up” rather than by inference. 

A further advantage of the application of the microscope to analytical 
problems results from the fact that the sample itself is of necessity under direct 
examination, so that in most instances unsuspected and highly significant 
additional information, which might otherwise have been missed, is brought 
forth. 


STUDIES OF SINGLE SUBSTANCES 

As an aid to ordinary macroscopical analysis of single substances the micro- 
scope is employed in various ways. Single substances can be examined for 
purity and uniformity, and their physical state observed. Particle size and 
shape of powdered materials may be ascertained, as factors governing solu- 
bility, reactivity or suitability for pigments, fillers, abrasives, etc. Surface 
character of coatings, such a.s paints, glazes, platings, or enamels, may explain 
their failure better than data as to their constitution. 

Identification of substances is rendered more positive by supplementing the 
analytical information by a determination of characteristic structural or optical 
properties, for which the microscope is the instrument par excellence. By 
utilizing published descriptions or by comparison with authentic “knowns 
conclusive identification is frequently possible without the use of chemical 
reactions and without the need of separating the material from its surroundings 
or from a mixture. 

^ E. M. Chamot, Professor of Chemistry, Emeritus, Cornell University, and C. 
Mason, Professor, Chemical Microscopy, Cornell University. 

2494 
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Distinctive microscopical structure which serves as the basis for such 
identifications is particularly advantageous in the case of materials that are of 
highly complex chemical constitution, such as the plant and animal tissues of 
foodstuffs, textiles and paper fibers. In such examinations the recognition is 
based on characteristic morphological featurism supplemented in some cases 
by staining reactions. Familiarity with the appearances of the substances 
studied is essential; if in addition to identification the physical condition of the 
fibers or the process used in their preparation is indicated, further valuable 
information may be obtained. 

Optical properties are a valuable means of identification, particularly in the 
case of crystalline substances. The latter are not usually distinguishable by 
form alone, but since some ten or twelve properties, about half of them numeri- 
cal constants and the rest ‘'positive^’ (-j-) or ‘‘negative” (— ), are determinable, 
recognition is usually possible, provided the optical description of the substance 
appears in the published tables or has previously been determined by the 
analyst. These various optical tests serve for a classification which is analogous 
to the groupings, subgroupings, and successive reactions involved in qualitative 
analytical schemes, and the identification based on them is no less conclusive 
than that based on a series of chemical reactions. 

Descriptions of all the common minerals are published in convenient tables ^ 
— an indispensable aid to the fullest analysis, for they permit the actual solid 
phase to be determined and not merely the ions which it yields after a rather 
violent “opening up” or solution process. In the case of inorganic salts the 
published data are less complete and only partially tabulated, ^ but the ad- 
vantage of being able to ascertain the particular salt, hydrate, or allotropic 
form in hand, rather than the anions and cations only, makes optical analysis 
indispensable whenever this information is desired. Organic compounds are 
as yet largely undescribed optically, but any properties available ^ are doubly 
useful; in the absence of adequate data, checking the unknown against material 
of known purity may prove time and labor saving, especially if the chemical 
tests are inconclusive. 

The actual examination of the optical properties of chemical substances is 
preferably carried out on material which has been powdered, or better, re- 
crystallized on a microscope slide. 

The following properties of crystalline substances are determined if ob- 
servable;^ 


’ Larsen and Berman, “Microscopical Determination of the Is on-opaque Minerals, 
U. S. Geol. Survey Bull., 848 (1934); Winchell, “Elements of Optical Mineralogy, 
Part II (1927). t • o u 

2 Winchell, “The Optic and Microscopic Characters of Artificial Inor^mc bub- 
stances.” (John Wiley and Sons, New York, 1932); Fry, “Tables the Microscopic 
Identification of Inorganic Salts,” U. S. Dept. Agr. Bull., 1108 (1922); Intern^ion^ 
Critical Tables,” Vol. I. (Refractive indices and crystal systems oniy.)^ Oroth, 
“Chemische Krystallographie,” 5 Vols. (Data not tabulated, but very extensive.) 

^ “International Critical Tables,” VoL I (1926), pp. 3^3^. Mayrhofer, Mikro- 
chemie der Arzneimittel und Gifte,” 2 Vols. (1928). Groth, Chenusche Krystal- 

® f'or discussions of these properties and the methcKfe of observing and 
them, see Chamot and Mason, “Handbook of Chemical Microscopy, 1 (1938), 

f ’liapter IX, especially pages 303 to 319. Winchell, “Elements of Optical Mineralogy, 
Part I (1928). Hartshome and Stuart, “Crystals and the Polarising Microscope 
(Arnold, London, 19W). 
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Phenomena of Crystallization. — Condition of crystals, as received. Action of 
solvents. Effect of heating. Growth of crystals from solution or from the melt. Evh 
dence of alio tropic transformations or double salt formation. 

Geometrical Form and Characteristic Angles. — Study and correlation of different 
“views,” of the simpler crystals, by means of drawings or models of cork or wax. 

Doubly Refractive Character. — Isotropic substances (cubic system, or basal views of 
hexagonal and tetragonal systems) remain dark between crossed nicols, on rotating the 
stage. 

Anisotropic or doubly refractive substances (all ciystal systems except cubic) show 
“extinction” at 90® intervals, with intermediate positions of brightness, Pleochroism 
is shown by some colored anisotropic substances, as a change in color w’hen the stage is 
rotated, only one nicol being used. Strongly doubly refractive substances show a change 
of shading, with one nicol. 

Positions of Extinction. — Parallel or symmetrical, if a prominent crystal edge or 
diagonal is parallel to the cross hairs (which must represent the planes of vibration of the 
polarizer and analyzer) when extinction occurs. Oblique extinction (possible only in the 
monoclinic and triclinic systems) occurs if the position of extinction is oblique to the 
cross hairs. The angle between the crystallographic edge or direction used for reference 
and the nearest cross hair is called the “extinction angle.” 

Strength of Double Refraction. — The maximum difference of the values of refractive 
indices is a numerical measure of the strength of double refraction or “birefringence." 
The polarization colors, which follow' the same series as those of thin films, give an approx- 
imate indication. For crystals of ordinary microscopic size and thickness, low order colors 
(grays and straw'-yellow to orange) indicate weak double refraction: brighter colors, 
moderate to strong double refraction; and high order colors (pale pinks and greens, to 
grayish white) strong double refraction. 

Refractive Indices. — Two values are obtainable for any anisotropic view of a crystal; 
different view's may show different pairs of values. After turning to the position of 
extinction, the crystal is illuminated with polarized light (one nicol only) the plane of 
vibration of which is known, and the tests given below' are applied. The value for the 
position of extinction 90® from the first is determined similarly. The highest and the 
lowest values, for all possible view's, are of particular interest. 

Interference figures serve to indicate whether the substance is uniaxial (hexagonal 
or tetragonal systems) or biaxial (orthorhombic, monoclinic, or triclinic systems), 
and W'hether its double refraction is positive (-f ) or negative ( — ). The plane of the 
optic axes, and the angle between them, are also indicated. A discussion of these 
phenomena and tests is beyond the scope of this chapter. 

For the above determinations of properties a chemical or petrographic 
microscope is nece.ssar>"; it should be provided with polarizer and analyzer nicol 
prisms, graduated centerable revolving stage, crosshaired eyepieces, and com- 
pensators such as a '' 1st order red ” plate or a quartz wedge; a condenser for use 
in the examination of interference figures is also desirable. 

Refractive index determinations ® require a series of standard liquids of 
known indices. The sample is compared with these by immersing microscopic 
crystals in the various liquids and applying tests to ascertain whether its index 
of refraction i.s higher or lower, until one of the standards is found to match it. 
In determining the refractive indices of doubly refractive substances illumina- 
tion with polarized light is essential, and the orientation of the crystal with 
respect to the direction of transmission and of vibration of the light mu.st be 
specified, especially if the values are to be compared with those commonly 
designated as e and o) for uniaxial, and a, /5, and y for biaxial substances. 

The tests employed for comparing refractive indices are very simple and 
rapid: Particles of the unknown are immersed in a drop of one of the series of 

• See “Handbook of Chemical Microscopy,” Vol. I, Chapter XI, especially pp* 
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standard li(iuids on an object slide, and covered with a cover glass. With the 
diaphragm of the substage condenser closed as far as possible, a narrow bright 
line C‘Becke line’’) appears to bound the grains; this moves toward the sub- 



Fig. 389. The Becke Line. Sodium Chloride (n = 1.544) in a Liquid of 1.540. 
A — on focusing upward slightly; b — on focusing downward slightly. 


stance of higher refractive index as the microscope is focussed U'pward^ and 
toward the less refractive material as the focus is lower (see Fig. 389). If the 
condenser, with diaphragm fully opened, is focussed to give strongly convergent 
illumination and one edge of the diaphragm aperture is covered by the finger 



Fio. 390. Axial and Oblique Transmitted Illumination. The upper crystal has 
a higher refractive index than the mounting medium; the lower crystal, a less refractive 
index. 


a piece of paper, one side of the field will appear shaded. The boundary of 
particles will also be darker on one side; if this shading is on the same side 
the shadow in the field, the particle has a higher refractive index than the 
surrounding liquid, and vice versa (see Fig. 390). 
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STUDIES OF MIXTURES OF SUBSTANCES 

As an aid in the examination of mixtures, the microscope is particularly 
useful; except in the case of gases and liquids or solid solutions, the constituents 
are seen, under sufficient magnification, to be merely “side by side,’' and their 
individual properties are available for purposes of identification, usually with- 
out the need for more than the “optical separation” which the microscope 
accomplishes. 

Whatever information can be gathered from the microscopical ex*dmination 
of heterogeneous mixtures is clear gain, for it supplements the chemical findings 
and it helps to minimize the loss of evidence which is a consequence of the 
usual methods of preparation for analysis. In other words, the maximum 
amount of information should be obtained from the constituents while they are 
still discrete, and before they are merged together by the processes of solution, 
fusion, etc. 

Furthermore, the mere recognition of the fact that a mixture is present is a 
guide to the interpretation of the analytical data, and the computation of the 
results in terms of the different substances actually present as separate phases 
is no longer a matter of conjecture or of arbitrary systems too often inconsistent 
with the facts. The conformity between calculated constituents and micro- 
scopically visible ones is an essential criterion in the analyses of rocks and ores 
consisting of mixtures of silicates, sulfides and other minerals. 

Even though it may not be possible to separate and identify individually 
all the ingredients of a mixture, their nature may become apparent, in the light 
of further quantitative or qualitative analyses of the mixture as a whole. 

In connection w'ith sampling of mixtures for macroscopic analysis, either 
qualitative or quantitative, it is particularly important that any non-uniformity 
should be recognized, in order that proper precautions may be taken to insure a 
representative sample. A sample is not representative, however truly its 
composition may summarize that of the specimen as a whole, if in obtaining it 
the local variations of composition have been “averaged together” without 
knowledge or due appreciation of their existence or magnitude. Indeed, such 
segregations of ingredients may be of more significance than the general analysis, 
especially in the case of mixtures of powdered materials, or alloys, and they 
are likely to be missed unless the microscope i.s employed. 

Separation of powdered mixtures ^ is often nece.ssary and always advisable 
as a preliminary to qualitative or quantitative analysis. Hand sorting, under a 
low power magnifier or a Greenough binocular microscope, will be feasible for 
all but the finest powders. Glass rods drawn to hair-like fineness, a thin 
platinum wire, accurately pointed forceps, and capillary pipettes will be found 
useful for picking up small grains or shoving them into heaps. The rod or wire 
may be moistened or rendered slightly sticky by a trace of oil, balsam, vaseline 
or glycerine. Coherent aggregates .such as rocks may need to be crushed fine 
enough to yield non-composite grains, but it is also possible, by means of ^ 
hard needle, a silicon carbide or diamond splint, or a fine dental chi.sel, to scrupe 
off or dig out uncontaminated materia! sufficient for at least a microscopic or a 
spectroscopic qualitative analysis. 

^See “Handbook of Chemical Microscopy,” Vol. I, pp. 141-148. 
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For microanalysis, either non-microscopical or by means of qualitative tests 
carried out under the microscope, still smaller samples are feasible. Streaks of 
alloys or minerals, obtained by rubbing on a ground glass or silica plate, supply 
material in finely powdered form, with minimum injury to the specimen. 

Chemical micrurgy” by means of the micromanipulator permits exceedingly 
minute particles to be dealt with, and is invaluable in the identification of 
‘‘specks/' * 

Testing in situ is also a possibility, if separations are difficult; staining and 
etching reactions, such as are employed in the microscopical study of ores or 
alloys, erftible the composition of the different grains of powdered or coherent 
specimens to be recognized, and further serve to reveal localized variation in the 
mixture. 


HANDLING SMALL AMOUNTS OF MATERIAL® 

Solid particles can best be handled by a glass rod or platinum wire, as men- 
tioned above. If suspended in liquid, sedimentation or centrifugal separation 
will serve as a means of concentrating them. Fine capillary pipettes (Fig. 391) 



Fia. 391. 


made by drawing out glass tubing to about 1 mm. diameter, are useful for col- 
lecting sediments or transferring small quantities of liquid. 

The filtration of small drops may be readily accomplished by the Behrens- 
Hemmes method (Fig. 392). A small square of 
thick filter paper is placed close to the drop to 
be filtered, against the paper is gently pressed a 
capillary tube F whose lower end has been ground 
true and smooth. The jjaper with the tube in a 
vertical position is slowly pushed forward into the 
drop. The liquid rises into the tube by capillar- 
ity. In general it is best to first attach a rubber 
tube R to the tube F and draw up the liquid into 
the tube by gentle suction applied by the mouth 
to the mouth-piece M. The rubber tube is kept 
•slightly bent as shown in the figure. At the 
nioment of removal the tube is compressed be- Fig. 392. 



® Titus and Gray, Ind. Eng. Chem. (Anal. Ed.), 308-71 (1930). 

® "Handbook of Chemical Microscopy," Vol. I, pp. 141-5; vol. 11, p. 
"Handbook of Chemical Microscopy," Vol. II, pp. 11-15. 
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tween the fingers and slightly stretched at the same time; this prevents the 
liquid from flowing out of the tube as it is lifted off the filter paper. 

When merely the precipitate and not 
the liquid is required a narrow strip of 
filter paper may be introduced into the 
drop and the precipitate pushed into a 
little heap. 

Decantation*^ will usually accom- 
plish a perfectly satisfactory separation 
of liquid from a heavy precipit&te. The 
object slide on which the drop rests 
must be scrupulously clean. If the end 
of a drawn-out glass rod or a platinum 
wire is introduced into the drop near its 
circumference and then moved outwards 
the liquid will follow the rod and if at the 
same time the slide is slightly tipped 
the liquid can be decanted from, the 
Fig. 393. precipitate. 

Simple fractional distillations ** can 
be successfully performed by means of the apparatus shown in Fig. 393, the 
successive fractions being removed from the receiver end of the distilling tube 
by means of a capillary pipette. 


MICROSCOPICAL QUALITATIVE ANALYSIS » 

Qualitative analyses are carried out under the microscope by means of 
crystallization and precipitation reactions, many of which are used in ordinary 
macroscopic analysis. Instead of basing the identification of a precipitate 
upon its color, upon the preceding steps in the analytical scheme, and upon its 
behavior toward the subsequent operations of the system, the microscopical 
form and optical properties of the precipitate are employed to characterize it. 
This necessitates the choice of reactions which shall yield practically specific 
appearances, and hence largely eliminates the need for following any systematic 
analytical scheme through a number of groups. DirectnCvSS and rapidity are 
natural consequences of this procedure, for a precipitate when obtained is 
recognized as such, and is not dependent for its significance upon the efficacy of 
group separations. 

^ Handbook of Chemical Microscopy,” Vol. II, p. 8. 

** ^‘Handbook of Chemical Microscopy,” Vol. II, pp. 18-17. 

“For further discussion, see Chamot and Mason. ” Handbook of Chemical Micros- 
copy,” Vol. II (1931), and the other books listed in tne bibliography on page 2457. 
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Many of the reagents of microscopical qualitative analysis serve to show the 
presence of sever^ different ions, and are commonly applied to small separate 
portions of the original solution. In special cases it may be desirable to sepa- 
rate or concentrate certain ingredients by means of some of the group reactions 
of ordinary qualitative analysis, and then to make use of the microscopical tests 
as a means of final identification of the constituents of the group precipitates. 

The minute amounts of material involved in microscopical analysis also 
contribute to its rapidity; obviously, it is easier to dissolve a tiny fragment, or 
to filter or evap>orate a drop or two of liquid than to deal with the usual quanti- 
ties. Intases where the supply of sample is limited, microscopical methods of 
analysis are in order, and indeed may be indispensable. The sensitivity of the 
tests, although striking when expressed in absolute amounts, is no greater in 
terms of actual concentrations employed than that of the same reactions as used 
on a macroscopic scale. However, since it is possible to work with concentrates 
obtained from a small amount of a relatively dilute solution, the effective sensi- 
tivity may be very great. 

Reagents are best kept as solids in small glass stoppered bottles, a drop of 
solution being made up when needed. 


METHODS OF APPLYING REAGENTS 

There is usually a specific method for applying the various reagents, depend- 
ing upon the relative concentrations required and the nature of the reaction 
involved. In any case, however, actual precipitation is the criterion of a 
positive test; crystalline products appearing only after considerable evaporation 
has taken place are of little or no diagnostic value. Relatively dilute solutions 
are preferable, in order that separation of the reagent, the unknown, or various 
possible double salts may not mask the precipitate obtained, and in order that 
the latter may not be formed from such a highly supersaturated solution as to 
appear “amorphous” or unresolvable by the microscope. 

The most important methods of applying reagents are as follows: 

o, The drop of reagent is caused to flow into a drop of unknown solution on a micro- 
scope slide, by means of a small glass rod or platinum w^ire. The concentration gradient 
in the zone of mixing affords a considerable range of conditions, so that various regions 
of the preparation should be studied in order to observe a distinctive precipitate. 

b. A solid fragment of the reagent is introduced into the test drop, either at the center, 
or sometimes at or near the circumference. When introduced at the center, solution is 
rapid, and if the reagent fragment is moderately large, excess of the reagent in high con- 
centration is made effective. The reagent should be in small fragments — not finely 
powdered. 

c. A solution of the reagent is drawn in a narrow channel across a dry film of the 
rnaterial to be tested. The unknown is dissolved in water or acid. A drop of the solu- 
tion thus obtained is carefully evaporated to dryness upon a scrupulously clean object 
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slide, using great care to avoid heating the diy film too hot. A concentrated drop of 
the reagent is placed near the film and a narrow channel of the reagent is drawn across 
the dry film, the object slide being slightly tipped at the same time so as to feed reagent 
into the channel. Care must be taken that the reagent does not flood the entire drop. 
The reaction product is formed in the zone of contact between reagent and solid unknown. 
This method is used when the reaction product sought is relatively soluble, and when 
high effective concentrations of reagent and of unknown are necessary for its precipitation. 

d. The addition of another ion giving a less soluble comptjund can be resorted to 
when an isomorahous series exists and the test as fii^t performed has failed to yield a 
decisive test. One of the best illustrations is that of testing for lead and (or) copper with 
KNOj. If no precipitate is obtained a Rb, Cs, or T1 salt can be added; the solubility 
of the compounds decreasing in the order named. The effect of such a prooedure is to 
increase the sensitivity of the reaction. 

e. The reagent is incorporated into a fiber (viscose, silk, w’ool, collodion, etc.) and 
the diy treated fiber is introduced into the test drop. This method is of great value in 
many cases. One of the best examples is testing for boron with a viscose rayon fiber 
impregnated with turmeric (curcumin). 

/. When HF or fluoride are employed as precipitating reagents they are added to 
the test drop by either method a or method h, but sjiecial precautions are necessary. 
The object slide must be of non-siliceous material such as celluloid, cellophane etc., or an 
object slide may be protected by a coating of a hand impervious, transparent, colorless 
varnish. All objectives save the one to be used should be removed from the nose-pieces 
and this one protected by varnish, a protecting cell or drop of immersion oil and small 
cover-glass. 

g. In certain specific cases, it is found to be advantageous to cause the reaction to 
take place in capillary tubes. 

Reactions involving gas evolution (NHa, or volatile acids) are most simply 
performed by placing the reacting substances in a tiny crucible (Fig. 394), over 

which is placed a glass slide bearing 
on its under surface a minute 
hanging drop of an appropriate acid 
or alkaline absorbent; the evolved 
gas is then tested for in this drop. 

Fusions are carried out in a tiny 
platinum cup made from heavy foil; 
other high temperature reactions 
yielding sublimates are brought 
about in hard glass capillary tubes. 

Reagents Used. — Some of the 
most useful group reagents of 
microscopical qualitative analysis 
are as follows; 

Potassium Mercuric Thiocyanate, K2Hg(C NS) 4. — Zn — feathery white crosses; Cd— 
colorless prisms with one end bluntly pointed; Co — blue prisms in radiating clusters; 
Cu — greenish yellow mossy dendrites or fusiform crystals; Zn + Cu — Zn crystals colored 
lavender, or brownish spherulites of radiating pri.sm.s; Zn + Cd, Ni, Mn — colorless 
arrowhe^ crystals; Au — golden yellow mossy dendrites; Fe — pink color or pink Zn or 
Cd crystals; Pb, Ag, Hg — very fine grained precipitate. 

Cesiiun Chloride. — Sn — octahedra of Cs^SnCie) Ag — fine octahedra of A^l, re- 
crystallizable from NH40H to mve larger crystals; Pb— forked prisms of PbCU; nb— - 
hexagonal plates of SCs-SbCb; Bi — hexagonal plates of 3Bi ■2SbCl*, or rhombic plates or 
SCsCS-BiOa; Cd — hexagonal tablets or bipyramids of CsCLCdClj; Os, Ir, Ft, Pd'~' 
yellow to orange octahedra of CsjfPt, etc.) Cl«; Cu — yellow or orange prisms and plates. 
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Cesium Sulfate. Al-^olorle^ octahedra of cesium alum) Cr — purplish octahedra 
of cesium chrome alum; Ca — needles and oblique-ended prisms of CaS04-2H20- Pb Ba 
and Sr— fine granules of BaS04 or SrSO* (on recrystallization from cone. H2SO4, Ba jrives 
feathery crosses and br dagger-shaped crystals). 

Potassium Nitrite.— Co— fine yellow cubes of 3KN02.Co{N02)3.1>^ H2O: Ou or 
Ni, d-Pb— fine brown to black cubes of 2KN02-Cu(N02)2-Pb(N02)2. 

Silver Nitrate. — Colorless precipitates insoluble in HNO3: 

Cl' or Br-— granular, or very tiny octahedra; 1“— fine granular; BrOs*— tiny crosses 
and prisms; CN — granular or fine prisms. 

Colorless precipitates soluble in HNO3: 


C2H 302“— thin plates and prisms; NO2'— long slender needles, pale yellowish green ♦ 
SO4 — rlwmbic tablets and prisms; CNO"— fine needles and prisms on standing; 
lOa"— acicular and radiating crystals. 

Colored precipitates: 

AsO* red granular, small tablets; CrOr~ or CraOr— red granules or pleochroic 
plates and acute rhombs; PO4 — yellow granular or tiny stars and crosses. 

Barium Chloride. — Precipitates insoluble in H NO 3: 

CrO^ , Cr207 — yellow granules, tiny crosses; lOj^ — granules, fine prisms and 
crosses; SO 4 — granules, fine crosses and platelets. 

Precipitates soluble in HNO3: 

BrOa" — prisms; CNO"— spherulites and needles; CO 3 — — granules; 

Ions yielding non-characteristic precipitates are not listed under the above reagents. 


IDENTITY TESTS FOR ANIONS AND CATIONS 


The most useful specific identity tests for the common anions and cations 
are as follow.s: 


Cations 

Na — pale yellow tetmhodra with uninyl acetate; many of the tetrahedra appear to be 
black because of total reflection. If the ratio Xa : K is less thanl : 5, test usually 
fails. Na+zinc uranyl acetate yields pseudo-octahedra, very characteristic; 
presence of other alkalis or alkaline earths docs not interfere with latter modifica- 
tion of test. 

K — yellow or orange octahedra with H2PtCl6; colorless prisms with HC104, NH3 must 
be absent, as it gives identical reactions. 

NH4— volatilization of NH3. Treat with NaOH in crucible (Fig. 394) covered with an 
object slide carrying a hanging drop of very dilute HCl. Warm gently. Test 
hanging drop with ILPtCls — yellow octahedra of (NH4)2PtCl6. 

Ca — fine needles, singly and in sheaves, oblique-ended prisms, and characteristic arrow- 
head twins, with dilute H2SO4. Prisms with tartaric acid. Very tiny octahedra 
with oxalic acid. Sr and Ba interfere if present. 

Sr — fine granular precipitate with HsSOi, which when recrystallized from hot oonc. 
H2S04, yielmi dagger-shaped crystals. Ca and Ba must be absent. With oxalic 
acid, crystals similar to those of Ca. ^ o -nu * 

Ba- — feathery crosses on recrystallization from hot cone. H2SO4. Ca, Sr, Pb, Ag, must 
be absent. In concentrated acetic acid K2Cr04 yields a very fine granular or 
finely crystalline precipitate, Ca givea none, and Sr rarely unless the solution 
is made alkaline with NH4OH, With oxalic acid, mossy aggregates. 
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Tests fail in mixtures of Ca, Sr and Ba. Separate Ca by extraction with boiling 

water, and Sr by dilute HNOj. BaSOi remains insoluble; evaporation of aqueous ex- 
tract gives crystals of CaS04'2H20* Evaporation of HNO5 gives residue of SrSO^, 

which can be recrystallized from cone. HjSOi. 

Mg — feathery stars developing into prisms, with P 0 < and the test drop made alkaline 

with NH^OH. Fe, CO, Ni, Mn must be absent. 

Zn — feathery crosses with K2Hg(SCN)4. A very little Cd renders the crosses less 
feathery; more Cd leads to the formation of arrow heads. Ni modifies the 
crystals in a similar majiner. Co colors the crystals blue, Cu lavender or brown, 
Fe pink or reddish browm. Oxalic acid forms short prisms and tablets. 

Hg — globules of metallic Hg by heating in a closed tube with dry NaiCOj. Acidify a 
solution with HCl, boil with a fragment of Cu wire or Cu foil. Hg amalgamates 
with Cu. Heat coated Cu in closed tube — globules of Hg. Convert Hg into 
Hglj by iodine vapor — yellow and red crystals. 

Hg(ous) — greenish “amorphous” ppt. with KI; white “amorphous” fmt. with HCI, 
turning black with NH4OH; dark red granules or stars with K2Crj07 in drops 
strongly acidified with HNO3. 

Hg(ic) — red Hgis with KI, soluble in excess; colorless feathery crosses with Zn(CsHj02)j 
and KSCN. 

A 1 — octahedra with Cs2S04. Excess of H7SO4 must be avoided. 

Sn — convert to SnCb; add CsCl — tiny colorless octahedra. With oxalic acid, stannous 
salts give oblique ended prisms and skeletal forms; stannic salts give no pre- 
cipitate. 

Pb — yellow hexagonal plates with KI. Forked prisms with HCl. Brown or black 
cubes or tablets with KNOj and CufCjHaOjlj in acetic acid solution. 

Sb — hexagonal plates with CsCl; Bi gives hexagons unless the CsCl is in excess. Evolu- 
tion as SbHj and blackening of AgNOj crystal; As must be proved absent by 
evolution of AsHa with A 1 and KOH; H2S, HsP interfere. 

Bi — hexagonal plates with CsCl; rhombic plates with excess. Small prisms with NaaSO* 
and H:S04. 

Cr — faintly publish octahedra with CS2SO4, w'hen Cr is present as Cr2(S04)a. Conver- 
sion to Cr04 by evap. with HXOj and KCIO5 and subsequent testing with 
AgXOa gives pleochroic Ag2Cr04. When Cr is present as a compound of CrOj, 
treat with NaCl and cone. H2SO4 in crucible with cover slide carrying a hanging 
drop of NH4OH. Heat carefully; Cr02Cl2 is evolved. Evaporate hanging drop; 
test with AgNOa for Cr04 . 

Mn — as MnOi" by oxidation with (NH4)2S208(+AgN0s as catalyst). Or fuse with 
Na2COs and KNO? to give green Na 2 Mn 04 , purple on acidification. 

Mn'*'*' — long twinned prisms and six-armed radiat^ with H2C2O4. Excess of NH4 salts 
and mineral acids must be absent. Masked by many other cations. 

Fe — blue color and precipitate with K4Fe(CN)8. Red color with KSCN if Fc'*'+"''. 

Co — blue prisms with K2Hg(SCN)4. Excess of Fe or Ni interferes. When Zn is present, 
blue feathery crosses or arrow-heads; organic acids interfere. KN02and HC2H3O2 
— yellow cubes; Cu, Pb, Ni, Fe interfere. 

Ni — fine pink needles with dimethylglyoxime. Tiny browm cubes with KNOj, 
Pb{C2H302)! and HC2Hj02; Cu, Co must be absent; excess of Fe interferes. 

Cu — greenish yellow mossy dendrites with K2Hg(SCN)4 (lavender or black apherulites if 
Zn is present). Tiny black cubes with KNO2, Pb(C2Hj02)j and HC2H3O2 
(Ni, Co must be absent). Yellow prisms or orange pJat^ with CsCl. 

Ag — “amorphous” precipitate or tiny octahedra with HCl, larger on recmtallization 
from NH4OH. Red pleochroic acute rhombic plates with KjCraO?. 
granules and hexagonal tablets with As04 ^ 
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SCHEME FOR THE QUALITATIVE ANALYSIS OF COMMON 
NON-FERROUS ALLOYS 


The following tabulation may prove useful for the systematic qualitative 
analysis of alloys or mixtures containing salts of the metals indicated. 

Dissolve in concentrated HNO3. Evaporate to a syrupy consistency or to a moist 
mass on water bath. Do not cany to complete dryness. Add water and again evap- 
orate. Extract with warm water. Filter. 

Residue A * As; Sb; Bi; Sn — (Traces of Pb; Cu etc.) Remove a little of the residue and 
test it for As by conversion in HsAs. 

Dissolve the remainder of Residue A in aqua regia. Divide into three parts. 

1. Test with CsCI. Or reduce with metallic Fe to SnCh and test for Sn. 

2. If Sn is absent test for Sb with CsCl; if Sn is present convert into potassium 
antimonate and test with Na = Sodium antimonate. 

3. Test with CsCl and confirm by conversion into sodium or potassium bis- 
muth sulfate. 


Filtrate I Add NH^Cl and NH 4 OII Filter = Filtrate III. 

Precipitate B. 

Precipitate B Fe* Cr; Al; Pb; Hg — Dissolve in the least possible volume of dilute HCl, 
Add NaOH in excess. Add XajOj, boil, filter = Filtrate II. 

Precipitate C. 

Precipitate C Hg, Fe — Dissolve in dilute HCl. Divide into two parts. 

1 . Test for Hg with KI. Or treat with metallic copper, sublime the Hg and 
convert the globules into Hglj with iodine. 

2. Test for Fe with KSCN or K 4 Fe(CN) 8 . 

Filtrate II Al; Pb; Cr— Acidify with acetic acid. Divide into three parts. 

1 . Test for Pb with KT after adding HNO 3 . 

2. Test for CrOr” with AgNOj- (Silver acetate may be precipitated.) 

3. Precipitate all the lead as PbSO<. Centrifuge. Concentrate. Test for 
Al w'ith CsjSOi. 


Filtrate III Mn; Ni; Co; Zn— Add H 2 O 2 , bod and filter = Filtrate IV. Precipitate D. 
Precipitate D Mn; Co; Ni — Divide into three parts. 

1. Fuse with Na 2 C 03 ; green color = Mn. Or test for Mn with sodium 
bismuthate. , , 

2 Dissolve in HCl and test for Ni with dimethylgly oxime. 

3. Dissolve in HCl and test for Co with K 2 Hg(SCN) 4 . Or test with sodium 
nitrite. 


Filtrate IV Cu; Zn; Cd; Ni; Mg— Acidify with IICl. Add NasSOs and NH 4 SCN, boil 
and filters Filtrate V. Precipitate E. 

Predpitale E Cu — Dissolve in HCl. Test for Cu with K2Hg(SCN)4. 

FiUrate V Zn; Cd; Ni; Mg~Add NH 4 OH in slight excess. Divide into three parts. 

1. Acidify with HCl. Test for Zn, Cd, v\ith K 2 Hg(SCN)*. 

2. Test for Ni with dimethylglyoxime. 1 • -f ♦ 't. 

3. Add HNa-PO^. Decant, filter or centnfup. ^ 

the least amount of HCl. Repreeipitate the Mr as arth 

NHiOH. Or add NaCsHsOj and HC2H3O2 and test with U02(C2HaO2)i. 


Anions 


brOr — rose color on turmeric- viscose 
COj — COf evolved on acidification. 


fiber, changing to blue with alkali. ^ , 

Fine granular ppt. becoming rhombohedrai. 


withCa(C2H20,)2. ^ ^ _ 

Slightly modified from method of Whitmore and Schneider, Ind. Eng. Chem, 
(Anal. Ed.), 2, 173 (1930). 
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NO3" — radiating needles with nitron sulfate. 

NOo" — yellow cubes with and Co+’^j and HC2H3O2. 

CX" — HCX evolved on acidification. Tiny prisms with AgNOj. 

SCN~ — red color with Feathery crosses with Zn'*‘+ and Hg'*"''. 

Fe(CN)6 — blue ppt. with Fe (-ous or -ic), browm with Cu. 

Fe(CX«) — blue ppt. with Fe'^'^. 

PO4 — tiny yellow 3 -armed stars with AgXOj. Feathery rosettes and prisms with 

Mg''"'', XHiOH and XH4CI. Tiny rounded octahedra with ammonium molyb^ 
date. 

AsO^ — tiny red granules and hexagonal tablets with AgNOs. Reactions as for 

PO4 , above. 

AsOj'— smidl yellow granular disks with AgNOs. t 

SO4 — — needles and oblique-ended prisms with Ca'''''. Rhombs with Ag'*'. Fine 
granules and stars with Ba''"''. 

SO3 — evolution of SO2. Reducing action, with consequent oxidation to SO 4 . 

S2O3 — rhombic plates and sheaves of fine needles, with Pb(C2H302)2. 

S — evolution of H2S. Oxidation to SO4 with Bro. 

CrO* , Cr207 — red pleochroic acute rhombic plates; imparts red or orange color and 

pleochroism to co-precipitated Ag2S04. 

Cl“ — tiny octahedra with AgXOj. Crosses with TIXO3, Prisms with PbfXO^);. 
Cr02Cl2 evolved on warming dry material with H2SO4 and K2Cr207, identified 
as Cr04 in hanging drop by AgXOs. 

Br“ — ^reactions similar to Cl~. Br2, evolved with (XID 28203 or KMn04, gives fine 
needl&s in hanging drop of m-phenylenediamine HCi solution. 

I~ — yellow hexagonal plates with Pb(X03)2. Red granules with Hg(N03)2. I2, 
evolved with (XH4)2S20s, gives blue color with starch in same or in hanging drop. 

CIOs'"— reduction to CL by SO3 . Yellow' CIO 2 evolved on moistening dry material 
with cone. H2SO4. 

BrOs"— crosses and prisms with AgXOa* Brj on reduction with hydrazine or hydroxyl- 
amine sulfate. 

lOj" — fine acicular ciy'stals with AgXOs. 1 2 on reduction. 

Ci04"— orthorhombic prisms with K'^, colored purple if trace of Mn04~ is present. 

MnOi" — purple color in solution, and in crj'.staLs of Kri04. 

The reaction.s listed alK)ve, w hile reliable in simple mixtures, may be interfered with 

by the presence of certain other substances. In .:uch an event alternative tests or pre- 
liminary separations may be iiecc.ssary. 


ANALYSIS OF MATERIALS OF UNKNOWN COMPOSITION 

A crystallographic examination should always be carried out. It is par- 
ticularly important that the optical properties be determined even if the 
examination be directed merely to ascertaining whether the refractive indices 
are high or low and whether the material is isotropic or anisotropic. 

When the material i,s isotropic its identification will, as a rule, be more 
readily accompli.shed by first testing for anions. When the material is aniso- 
tropic no general rule can be formulated. Reactions which seem most likely 
to yield conclusive information should be tried first. Each test should be so 
chosen and performed as to serve as a guide for the next step to be taken. 



CHEMICAL MICROSCOPY 


2447 


Formal schemes of analysis are not particularly advantageous, especially 
if the presence or absence of certain elements only is to be ascertained. Sys- 
tematic procedures are largely based on those of macroscopic qualitative 
analysis. 

Failure to obtain a positive test or one recognizable as due to any one of the 
ions sought may be due to a number of causes, 

I. The reagent may be yielding a precipitate with the ion of opposite sign. 

II. The test drop or the reagent drop may be too concentrated. 

III. T<he test drop may not have the correct pll. 

IV. Ions other than that being sought may interfere with the reaction. A 
change in crystal habit may result. 

V. The precipitate formed may be masked by the precipitation of other 
compounds. 

VI. The substance sought may be present in an amount below tlie sensi- 
tivity of the test. 

VII. The substance sought may be present in a complex ion, in which its 
presence cannot be revealed by the reagent used. In order that the test may 
succeed the complex must be destroyed. 


MICROSCOPICAL QUANTITATIVE ANALYSES 


In the analysis of heterogeneous mixtures the microscope is particularly 
valuable when the ingredients are of a complex chemical character, and when 
the ordinary methods of analysis yield data which do nut directly indicate the 
composition in terms of the constituents of which the mixture is made up. 
Determinations of elements or ions by purely chemical means, although carried 
to several decimal places, may not yield as many significant figures as the less 
precisely quantitative microscopical methods, because of the liair-s putting 
assumptions often necessary before the results can be computed to g^ve the 
information which is ultimately sought. This is particularly true in the case 
of starches, meals, flours; adulterated spices, cocoa, drugs and other food 
products; mixtures in which an undue proportion of naturally associated im- 
purities is present; paper pulps, fabrics, felts; ore concentrates, refractories, 

rocks, alloys, explosives, etc. v 1 1 ^ 

In order that microscopic quantitative analyses may be app ica e o 
material, the following criteria should be satisfied: 


1. The components must be easily distinguishable m the mixture, or they 

nmst be rendered so by special preparation or illummation tec . 

2. The observed components must bear a reasonably coptant relationslup 
to the chemical or physical properties sought by the ana ysis. 


"Handbook of Chemical Microscopy," Vol. I, Chap. XIV. 
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3, If weight percentage composition is sought, the specific gravities of the 
components must be practically identical, or they must be known, or standard 
mixtures of known weight percentage composition must be available for 
comparison. 

4. The sample must be representative, and satisfactory checks must be 
obtainable from duplicate determinations and from samples with known 
composition. 

Preparation methods must be appropriate to the character of the sample. 
Powdered materials should be uniformly mixed and evenly distribute*!, without 
segregation of the different ingredients. This is usually best accomplished by 
suspending the material in a viscous liquid, such as glycerine or a heavy oil, 
spreading a drop on the slide, and covering with a cover-glass. By choosing a 
mounting medium with a refractive index nearer to one of the components than 
to another, their outlines may be made to appear distinctly different and thus 
aid rapid recognition. Examination between crossed nicols may accentuate 
differences between the ingredients. In food work ingredients, such as starch, 
which are not essential to the analysis and which obscure the significant tissue 
particles may be eliminated by chemical treatment. Paper fibers in mixtures 
are commonly stained by Herzberg's reagent, which selectively colors pure 
cellulose (rag) purplish red; purified cellulose (chemical wood, esparto) blue; 
and lignified cellulose (ground wood) yellow. Alloys are polished and etched 
to bring out the different solid phases; mineral mixtures may be examined in 
powdered form, but are frequently surfaced or sectioned. 

In any microscopical analysis a number of fields, usually taken from dif- 
ferent preparations, should be studied. Few materials are microscopically 
uniform, either in structure or composition, and this is particularly true the 
higher the magnification, the smaller the field, or the coarser the grain of the 
sample. Any data, such as counts or measurements, should be based on a 
considerable number (usually hundreds) of particles; the average values will 
then be consistent even when wide local variations occur. Individual counting 
tallies for each constituent are invaluable for such work, as labor savers. 

It should be borne in mind that the ingredients sought in the analysis need 
not be those visible in the specimen, provided the relation between structure 
and composition is known. For example, carbon in steel may be estimated 
microscopically to about 0.1% (although no free carbon is present) by taking 
advantage of the fact that pearlite, visible as a distinct constituent, has a known 
carbon content of 0.8%, so that a steel containing 50% pearlite would have 
0.4% C. 
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ANALYSIS BY ESTIMATION 

If a specimen is prepared so as to render its components indubitably recog- 
nizable, it is frequently possible to estimate its composition with reasonable 
accuracy. Ideally, the constituents of the mixture should be of approximately 
equal fineness and specific gravity, lest coarse or bulky material be overesti- 
mated. An accuracy of ±10% of the proportion of each component is usually 
possible with simple binary or ternary mixtures; practise on series of similar 
constituti(fti enables the observer to obtain results comparable with those based 
on systematic counting or measurements. 

Comparisons with mixtures of known percentage composition lend further 
accuracy to estimation analysis; if a series of standards is available it is usually 
fairly easy for even the inexperienced observer to decide the value for the 
unknown. Permanent preparations or photomicrographs are useful as refer- 
ence standards, but a comparison microscope or comparison eyepiece, which 
permits the unknown and the standard to be viewed simultaneously in the same 
field, is a great aid. 


ANALYSIS BY COUNTING PARTICLES 


The great majority of microscopical quantitative analysis of powdered 
mixtures are based on some form of counting procedure. Such numerical 
methods are preferable to estimations (even though slower), if several com- 
ponents are present, if there is an unavoidable tendency to over-estimate certmn 
ingredients, if the particles are not uniform in size, or if such high magnification 
is necessary that the resulting small fields are not individually representative. 
Ordinarily several hundred particles are counted, in fields systematically 
taken from more than one slide. If the particles vary in size, they are 


“weighted” in terms of their apparent volume. ^ 

Counting one constituent only is a feasible means of microscopical analysis, 
provided similar counts are carried out on the same quantity of material of 
known composition, as a basis for numerical comparison. The number of 
particles of a certain component in a definite amount of a mixture is frequen y 
used as a measure of its quality. In the food industries especiaUy, such deter- 
minations serve for control and inspection, furnishing information unobtainable 

by other means. ^ , • • 

Seed hairs or bran particles in flour, hulls in rice bran,^^ organisms m 
Water, molds in tomato products,^* are thus determined. 

'•Keenan and Lyons, U. S. Dept. Agr. Bull., 938 (1922). Keenan, U. S. Dept. 

Agr. Bull.^ 1130 (1923). 

A. O. A. C., “Methods of Analysis (1925), p.J^- 
^*l^ipp]e, “klicroscopy of Drinking Water Analvsis” 

, Howard, U. S. Dept Agr. Bull., 581 (1917) ; A. 0. A. C„ Methods of Analysis 

(1925), pp. 222-5; Jour. A. 0. A. C., <J, U6 (1922). 



2450 


CHEMICAL MICROSCOPY 


The determination of cocoa shells in cocoa is a typical example.^® A 2 mg. 
sample is mounted in a clearing solution on a slide, and after it becomes suffi- 
ciently transparent the total number of shell fragments is counted. By com- 
paring with similar counts on mixtures having known shell content, adulteration 
up to 10% may be determined with an agreement of one or two %. 

Various means are employed for insuring that the same quantity of material 
shall be taken for each count: weighing a few milligrams directly on the slide; 
measuring the dry powdered material by volume; pipetting a definite volume of 
a suspension carrying a known concentration of the sample; or using hollow 
slides or cells of definite volume (see Fig. 395). The particles in the etitire prep- 
aration must be counted, unless 
the distribution is practically uni- 
form and the area over which the 
material is spread is kept the same 
for all preparations by using cells 
of definite area or definite thick- 
ness. Under these latter circum- 
stances counts or small fractions of 
the entire area of the preparation, 
as defined by diaphragms or co-or- 
dinate rulings in the eyepiece, or 
markings on the slide, are representative of the composition as a whole. 

Whether the entire area or several fields distributed over it are counted, a 
mechanical stage for systematic movement of the preparation is almost 
indispensable. 

The average number of particles per field or the total for a number of fields, 
preferably based on several dilTerent known mixtures, is plotted against the 
percentage composition or incorporated into a formula wliich serves to give 
the composition of any unknown mixture. 

The ratio existing between the different constituents of natural mixtures is 
often characteristic, especially in food and drugs, any abnormal deficiency or 
excess of a typical tissue element being suspect- An analytical method involv- 
ing ratios makes use of a reference substance (usually lycopodium powder) 
which is added in definite amount to the unknown and in equal amount to a 
sample having known percentage composition. Without any precautions as 
regards the measurement of the preparation, counts of the particles in question 
and of the reference substance are made, the ratio between them being depen- 
dent upon the composition of the sample being analyzed. 

Counting all constituents is preferable in most analyse.s of powdered mate- 
rials, since known standards, measurements of the sample, and uniform size of 
preparation or of field are thu.s rendered unncce.‘<sary. Such methods are 
especially applicable to mixtures of several difTerent components, such as papers, 
or powdered minerals. The counts should take into consideration the size as 
well as the number of the particles; the results will be in terms of percentage 
composition by volume unless the specific gravities of the ingredients are 
substantially equal, or are used to compute weight per cent. 


Depth 

(f^ 


0.100 mm. 

U), 



Fig. 395. Howard Counting Cell. 


*« Silberberg, Jour. A. O. A, C., 6, 98 (1922); Pca.se, idem, 7, 141 (1923), 8, 176 (1921), 
A. O. A. C., “Methods of Analysts” (1925), pp, 347-8. _ 

« Wallis, Analyst, 41 , 357 (1916); “Analytical Microscopy” (1923), Chap. XL 
Maaon, Analyst, 58, 440 (1933); Griffiths, ibid., 62, 610 (1937). 
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The analysis of a powdered mixture of quartz and feldspars, as used in ceramics, is 
an example of this of method. Various schemes have been devised to aid in dif- 
ferentiating the particles of quartz, orthoclase, and plagioclase. 

a. Vitrification of the feldspars by rapid fusion, without affecting the quartz, 
followed by mounting in a liquid of the same refractive index as that of the fused matel 
rial, and comparison with a senes of standard samples . 22 

b. Mounting of the untreated mixture in a liquid of refractive index 1.540 which is 
above feldspar and below quartz.^ 

c. Chemical differentiation, by exposure ^ 

to HF vapor, which roughens the feldspars 

and leaves quartz clear, then treatment 

with Na 3 So(N 02)8 solution, which colors 

the orthoclase yellow.*^ About 200 grains, 

on each of three slides prepared by one of 4 

the alwve methods, are counted for the 

Mixtures of gypsum and anhydrite are A W 

analyzed similarly, by mounting in a med- 
ium of refractive index 1.550, which is near 

that of gypsum; this serves to render the •• 'w ^ ^ 

gypsum particles faint and transparent, 
while those of anhydrite are boldly out- 

Ore concentrates, if of complex min- 
eral composition, are advantageously ana- t 
lyzed by the microscope, particularly since 

the actual a mounts of th e d i fferent minerals, f 

rather than of elements that may occur in miSM'.mMi. :l 

several, are sought. Compo.site grain.s, ... , , „ , „ 

and the effectiveness of grinding and sep^ „ 3p®' Mi.xture of Ground Gy^ 

aration, are also recognized. The matcriS Huid 

is spread over a surfLe that is marked off retractive mde.x near that of Gj^sum. 
in squares, and counted systematically, the 

size of the grains being taken into account.^® A moderate magnification, such as is ob- 
tainable with a Greenough binocular microscope, is sufficient. 

Paper fiber analysis is carried out by an analogous method, after pulping and stain- 
ing with Herzberg's reagent. The fibers are tallied in terms of their length, measured 
with reference to the diameter of the field. An alternative method (“dot-count") is 
based on counts taken as the preparation is moved beneath the microscope. Every fiber 
any portion of w’hich paases beneath a given point (dot or cross hairs) in the field is 
tallied, the longer ones thus being given proper emphasis. Counts in different places 
and directions on the preparation, dealing with at least 200 fibers on each of three slides, 
are customary. 


■' V-til 




Fig. 396, Mixture of Ground Gyp- 
sum and .Anhydrite, mounted in a liquid 
of refractive index near that of Gjqisum. 


^ Booze and Klein, Jour. Amer. Ceram. Soc., 6, 698 (1923). 

Insley, ibid., 10, 651 (1927), 

Gabriel and Cox, Amer. Mineral, 14, 290 (1929). 

Izarscn, Proc. A. S. T. M., 23 I, 236 (1923); Gardner, idem, 26 I, 296 (1926). 
CoghiU and Bouardi, Bur. Mines. Tech. Paper 211 (1919). 
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ANALYSES BASED ON MEASUREMENTS OF AREA 

Areal and linear analysis depends on the fact that if a section is taken 
through an aggregate of heterogeneous material, the intercepts of the various 
ingredients in the plane of the section, or in a line across it, correspond to their 
respective percentages by volume. The specimen should be in compact form, 
so as to be surfaced or sectioned easily by cutting or grinding; alloys, rocks, 
refractories, etc. are suitable for such preparation. If powdered mixtures, 
such as ore concentrates, are to be dealt with they should be embedded in 
sealing wax or other cementing material, and the aggregate surfaced for 
measurement. 

The areas of the constituents intersected by the plane of the specimen are 
conveniently measured on a drawing traced on co-ordinate paper by means of a 
drawing camera (“camera lucida^’). A number of fields must be drawn, 
especially if the material is coarse grained or not mixed uniformly. Photo- 
graphs (provided they represent enough area) may be cut out along the boun- 
daries of the various ingredients, and the respective areas totalled by weighing 

the pieces of paper. Estimation or 
comparison with a series of known sam- 
ples is often feasible as a time-saver. 

Linear analysis may be carried 
out on drawings or photographs; the 
intercepts are easily determined by 
marking off those of each ingredient 
on a separate strip of paper, the total 
lengths finally being measured by a 
rule^. Special mechanical stages are 
available, for moving the specimen 
across the field of the microscope. 
An individual screw is used for the 
movement of each ingredient, the 
corresponding total movements being 
shown on separate graduated scales. 
The total distance measured should 
be 100-200 times the diameter of the 
average sized grains. 

The volume percentage composi- 
tion furnished by areal or linear anal- 
yses will represent the percentage composition by weight only in case the spe- 
cific gravities of the ingredients are practically identical. Otherwise, the volume 
per cent of each component must be multiplied by its specific gravity, and the 
resulting ratios converted to weight per cent. Such a calculation gives the 
relative amounts of the different solid ingredients, but not necessarily the 
chemical analysis of the sample. If these ingredients are of known chemical 
composition, the analysis of the mixture may be computed in terms of elements 
or radicals if desired, but this is not ordinarily of direct importance in work 
where areal analysis is used. 

In the analysis of alloys it is sometimes desirable to ascertain the per cent 
of a given element, such as oxygen or carbon, which is present in combination 



Fro. 397. Cast C^per, Containing 
about 0.25% Oxygen as Cu ~ CujO Eutectic 
(dark). Vertical illumination. 
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as an oxide, carbide, or eutectic of definite composition. In such a case, the 
volume per cent of the compound is multiplied by the per cent of the required 
element contained in it. 

Examples of applications of areal methods of analysis are: oxygen in copper 
(see Fig. 397), composition of alloys, 2 * ores,^^ and rocks.“ 


PETERMINATION OF PHYSICAL PROPERTIES 


In addition to the optical constants mentioned above, various other proper- 
ties may be studied microscopically on minute amounts of sample. Melting 
and transition points are determined by means of a hot or cold stage, which 
permits the temperature of the specimen to be controlled and measured while 
it is being observed under the microscope. 

If the substance studied is doubly refractive (as most solids are) its melting 
may be observed with great sharpness by means of crossed nicol prisms, for 
the solid will appear bright against the dark field, and will disappear on fusion; 
a range of melting is also easily observed. For these reasons the melting points 
obtained by a hot stage are likely to be slightly lower than those by the capillary 
tube method. 



Fia. 398. Section of Electrically Heated Stage. 


Electrically heated stages are preferable; temperatures may be regulated by 
a rheostat, over a range up to 400*^ or more. A thermometer (preferably a 
small Anschtitz) or a thermocouple is used to measure the temperature; it is 
essential that it be placed as near as possible to the object under observation, 
and that the temperature within the stage show a minimum of local variations. 

"Bardwell, Bull. Amer. Inst, Min. Eng., 79, 1 ^ 29 ; TrA^IM. RE., 46^2 (1913). 

“Mathew^n, Chem. Met. Eng,, 11, 619 (1913); Logan, idem, 11, 668 (1913), 
Polushkin, Tr. A. I. M. M. E., 71, 669 (1925). 

” Thompson, Jour. Geol., 38, 193 (1930), riQ97'i 

” Ailing and Valentine, Amer. Jour. Sci., 14, 50-65 (1^7b 
"Handbwk of Chemi^ Microscopy, Vol. 1, PP« 
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It may be necessary to calibrate the stage or thermocouple by the use of sub- 
stances having known melting points. A simple type of hot stage (see Fig. 
398), that may be constructed by any competent mechanic, consists of a block 
of aluminum about 70X100X12 mm., perforated by an opening 20 mm. in 
diameter. The top and bottom surfaces are recessed to receive thin glass 
windows, and a hole is drilled in one edge for the insertion of the thermometer. 
About 2 meters of No. 20 (R, <fe S.) nichrome wire serves as the heating element; 
it is wrapped on in several layers, each insulated by asbestos paper. In applying 
the insulation, space is left for the insertion of the glass windows, which can be 
covered with a perforated sheet of asbestos board. The sample to be studied Ls 
mounted between two 18 mm. cover glasses, and supported on a tiny wire 
tripod in the center of the heating chamber, practically in contact with the 
thermometer. 

Measurements with the microscope are frequently employed in chemical 
work, and are practically indispensable in dealing with fine or irregular struc- 
tures, fibers, coatings, or particles below the range of testing sieves. 

The mo.st widely used procedure employs a scale mounted within the eye- 
piece so as to appear superposed on the microscopic image. Since the value of 
the divisions of such a scale will vary with the magnification employed, it must 
be determined by comparison with a stage micrometer. The objective, eye- 
piece, and tube length used must be recorded, and maintained in any subse- 
quent measurements, if the calibration is to be applicable. 

Mea.surements of drawings, photomicrographs, or images projected on a 
screen may be made by establishing the scale of the enlarged image; this is 
done by replacing the specimen by a stage micrometer scale, and tracing its 
di\dsions enlarged to the same extent. 

Particle-size determinations^^ are an essential part of the analytical examina- 
tion of powdered materials. Especially in cases where the line state of sub- 
division is produced as an aid to chemical reactivity or as a result of chemical 
treatment, such a.s precipitation or emulsification, size examinations fall within 
the scope of chemical analysis. The behavior of a powdered material is often 
more affected by its fineness than by variations in its chemical compo.sition. 

In dealing with powdered materials that lie within the range of testing 
sieves, microscopical examination is a valuable supplement to the ordinary 
methods. It reveals the shape of the particles, and hence their actual volume 
and surface, rather than those of an hypothetical sphere or cube whose diam- 
eter is that of the .sieve opening. Flaky particles, of large diameter but little 
volume, or elongated grains of larger volume than their “sieve diameter" 
would indicate, are likely to introduce serious discrepancies between screen 
tests and performance, unless recognized microscopically. The character of 
the grains, whether rough, angular, porous, aggregated, or composite, is further 
revealed, and in mixtures the different ingredients may be followed through 
the stages of the grinding, screening, and concentrating operations. 

** “Handbook of Chemical Microscopy, “ Vol. I, Chap, XII. 

** Handbook of Chemical Microscopy, Vol. I, Chap. XIII. 

See also the work of Green, Jour. Franklin Inst., 192, 637 (1921); Perrott anil 
Kinney, Jour. Amer. Ceram. Boc., 6, 417 (1923); Weigel, Bur. Mines Tech. Paper 29() 
(1924); Kept, of Comm. E-1, Proc. A. S. T. M., 19301, 919-27. 
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la almost all powdered materials a considerable range of sizes is present, 
ranging, in the case of ground powders, from the maximum allowed down to 
idtramicroscopic fineness. The fraction passing through a 325 mesh sieve 
(opening 44 /x), the finest standard size, contains the particles which contribute 
almost all of the effectiveness of pigments, fillers, and most other finely divided 
materials. This fraction cannot be analyzed by sieves, yet it may include 
particles ranging from the diameter of ordinary fine pigments to those nearly 
100 times as coarse. 

The size and frequency of sub-sieve particles are best determined micro- 
scopically by one of the methods given below. Well dispersed preparations 
are essential ; the particles should lie substantially in one plane, and should be as 
sharply defined as possible. The mounting medium should be of markedly 
different refractive index in order to give good contrast, and the lenses used, 
especially for the measurement of particles <5 p in diameter, should be of the 
highest quality and resolving power. 

Very fine and uniform particles are satisfactorily distributed by ‘^rubbing 
out" a suspension on a microscope slide, by means of a glass rod held flatwise. 
The vehicle used should be volatile (xylene or turpentine) and the rubbing 
should continue until the film of liquid has evaporated. This method is not 
suitable for coarse particles, which may be crushed, or for non-uniform speci- 
mens, which may thereby be segregated. Materials of these latter types should 
be stirred into a viscous mountant such as Canada balsam or glycerine, and the 
su'^pension flattened to a thin layer by pressing beneath a cover glass. 

Interpretation of particle-size data in terms of other properties is dependent 
on the validity of the methods of computation. Any attempt to summarize the 
dimensional properties of a powdered material by one or two numerical terms 
is inadequate at best, and should be undertaken only after a thorough study of 
the methods of expressing results and the significance of the various factorb. 
For example, the expression “average particle size” is almost meaningless un- 
less it is clearly understood whether the average has been computed on the 
basis of weight, surface, or number. Furthermore, an average 
etcr calculated with respect to number is not necessarily applicable to the 
material the surface properties of which are important, nor can two 
be properly compared except in terms of the same type o \\ip 

The average .size gives no indication a,s to ^vhether tt>e particles «« f 
dimensions, or vary over a wide range; in the latter case averages are of little 
value. 

All particle size determinations, except mere estimations 
(which arc very unreliable in the case of non-uniform f 

based on size-frequency measurements. The number of 
size is counted, and serves for the calculation of averages and of uniformity 

^The methods of particle-size determination, while not standardized as yet, 

are measured, by counting ^ 

known volume of a suspension of known , comnuted. The 

particles, and their diameter as spheres or cu ^ ^ 

particles are not measured directly, nor is any accoun 

^ "Handbook of Chemical Microscopy," Vol, I, pp. 226, 425. 
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The method gives no information as to size-distribution, and the average 
particle size obtained is significant only in the case of highly uniform particles; 
it is suitable only for such material, or in case the fineness is beyond the limit 
of resolution of the microscope. Fine colloids, *‘gas black, and the finest zinc 
oxides are measured by this procedure. 

Particles of microscopically measureable dimensions permit size-frequencies 
to be determined. All the particles in a portion of the sample are counted, and 
their sizes recorded. A surface- or weight-distribution curve can then be 
constructed, and averages computed on any desired basis. Such a procedure 
is of wide application to all types of finely ^vided materials.*® • 

Material of highly non-uniform particle size is often inconvenient to count 
and measure in all size ranges, and a preliminary fractionation, by sedimenta- 
tion in liquid, is often advantageous.*® The fractions may be measured for 
size-distribution separately, or the average fineness of each may be estimated; 
the amount of each fraction obtained must of course be taken into account in 
computing the size-frequency of the original sample. 


APPARATUS FOR MICROSCOPICAL ANALYSIS 

The apparatus required for microscopical analysis will vary depending on 
the range of work to be undertaken. A good chemical microscope is the first 
essential; it should be equipped for crystal studies with polarized light. Mag- 
nifications of 200 X or less are adequate for a large proportion of the examina- 
tions of materials, and for almost all qualitative and quantitative procedures. 
For particle size determinations on fine particles, 2 mm. or 4 mm. objectives 
are essential. Hand lenses, or a Greenough binocular microscope, are useful 
for separating and handling material under moderate magnifications. 

If any microscopic measurements are to be made, a calibrated micrometer 
eyepiece is necessary; for counting of particles, a co-ordinate ruled micrometer 
is desirable. For systematic movement of the preparation in analysis by 
counting, a mechanical stage will be required. Counting tallies are a great 
convenience if large numbers of particles are to be counted. For drawings to 
scale or areal analyses a drawing camera is essential. A comparison eyepiece 
is advantageous, if two similar microscopes are available. 

The study of opaque objects, such as alloys, will necessitate the use of a 
vertical ilHiminator. An artificial light source of suitable intensity and uni- 

* Penott and Kinney, loc. cit. 

■ Weigel, loc. cit. 
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formity, such as a 6 volt ribbon-filament lamp, is an important accessory for 
examinations at high magnifications, and for photomicrography. 


Kefractive index determinations require a 
series of suitable standard liquids covering the 
range of interest, at intervals of 0,01. A hot 
stage, with thermometer or thermocouple, 
must be provided if melting points are to be 
determined. 

A ‘^njicro” burner or other device giving a 
tiny flame about 5 mm. high is a necessity. 
When gas is available a bunsen burner with 
'"reserve” or “pilot” flame will be found to be 
most satisfactory (See Fig. 399). 

Reagent bottles (best contained in a per- 
forated block), miniature crucibles and holders, 
distilling and filtering tubes, dropping bottles 
for liquid reagents, slides, cover-glasses, and 
the necessary reagents and mounting media 
are also indispensable to the “micro” labora- 
tory. A collection of authentic samples, for 
study and comparison, is essential. 

The above list of equipment may be some- 
what curtailed, but for special purposes and 
extensive investigations in the general field of 



Fig. 399. 


chemical microscopy numerous other pieces of 

apparatus are required; the nature and uses of these are described in various 


standard works. 
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Introduction. — Microchemical analysis may be defined as the determination 
of very small amounts of constituents when using minute amounts of material. 
The weight of the sample used for an analysis ranges from 3 to 15 milligrams. 
Where only small quantities of material are available micromethods^must, of 
necessity, be used, but even where large samples could be used the speed with 
which a microanalysis can be carried out, without sacrifice of accuracy, has led 
many men in the fields of both pure and applied chemistry to discard some of the 
time-consuming macro methods. An analysis can be completed in many cases 
in less than an hour and very few consume over an hour of the analyst's time. 
In many cases, and especially in organic analysis, it is necessary to completely 
oxidize the material in order to obtain accurate results and the advantage here 
of a small sample over a large one is at once apparent. Anyone who will 
strictly adhere to the established rules and customs of good analytical technique 
can acquire within a very short time the skill required in microanalysis. Many 
chemists, especially in this country, are not u.sing micromethods because they 
have the false impression that skill can be acquired only after long practice and 
that the procedures are for the analysis of substances of which only small 
quantities are available. It is hoped that this impression will be overcome 
when chemists become familiar with the micrometbods and realize that these 
are authentic and becoming commonly used in all branches of analytical 
chemistry. 

Semiraicro differ from micromethods in that a larger sample is used (15-30 
mg.) and the weighing may be done on a less sensitive balance to dbO.05 mg. 
The apparatus used is essentially the same as in microwork except it may be 
slightly larger. It is, however, the accuracy of the method which should deter- 
mine the size of the sample in both methods. In many cases it is the method 
and not the weighing of the sample which determines the final accuracy. The 
methods described in the following pages have been chosen from among the 
great number published, either because these have become standard after 
many years of use, or are based on principles and methods already well es- 
tablished in analytical chemistry. They are also selected for their convenience 
and accuracy in routine work. It is not possible, under ordinary laboratory 
conditions, to weigh to a 0.001 mg. For this reason, sample weights should be 
chosen that allow the sixth place to vary and not affect the accuracy of the final 
results. The analyst can, with due care and precaution, use 2 mg. samples 
and every routine microlaboratory should be prepared and know how to work 
with such small quantities when such problems arise. It is not felt, however, 
that microanalysis will fulfill its greatest service to pure or industrial chemistry 
unless analysts know that the methods are time saving and accurate for routine 
worfc. The procedures are, therefore, selected and described with these facts in 
mind* 

> 1^ L. T. Hallett, in charge of the department of quantitative microanalysis, East- 
man Kodak Research Laboratories, Rochester, N. Y. 
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The Microlaboratory. — The microlaboratory should have an abundance 
of north light and be free from direct sunlight. If air conditioning is available 
it should be used, but it is not essential. The humidity should be around 50%, 
so that static charges on apparatus are avoided. Microbalances are sensitive 
to sharp temperature changes so that it is well to try and keep the variation in 
room temperature within C. 

Each man^s apparatus (if electric furnaces are used) should be grouped 
around his microbalance so that unnecessary steps are eliminated. This 
arrangement is not possible where gas furnaces are employed because of the 
sharp temperature fluctuation.. In such cases, the balance must be located 
far enough away to avoid this. 

The Microchemical Balance. — Within recent years balances have been 
developed which weigh to 0.001 mg. carrying a maximum load of 20 grams. 
These balances have without doubt done much towards making microchemistry 
a practical branch of analytical chemistry. 



Fig. 400. 


The balance, Fig. 400, is best mounted on a 
which is ermly bracketed against a wall at a height of 3 feet. Strips of lead or 
rubber are placed between the bracket and the slab in order to absorb vibration 
Freedom from minor vibration is not as important as a 19 ift 

the room and absence of air currents. A small table 30 me es ig , 
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inches wide, and 30 inches long, mounted on casters, is used in front of the 
balance for holding the notebook, etc. It is made low enough so that it may 
be shoved under the balance table. The operator by such an arrangement does 
not lean against or jar the table holding the balance. It is best to place tlie 
balance in the same room where the microwork is done so that change in 
temperature in passing from one room to another is avoided. In order to 
shield the balance from dust and air currents, it is best placed within a large 
plate glass balance case 36 inches long, 15 inches wide, and 18 to 24 inches high. 
A light should not be hung close to the balance but indirect lighting used wher- 
ever possible or the light placed far enough away so that the heat giv»n off does 
not affect the weighing. Side doors are provided through which objects are 
placed on, and removed from, the pans without raising the front door of the 
balance. This prevents the breath of the operator from causing air currents 
and changing the temperature within the balance case. Two hooks are pro- 
vided on the left-hand stirrup in order that absorption tubes may be more con- 
veniently weighed in a horizontal position. 

The beam is shorter than that used in the standard analytical balance and is 
divided, beginning on the left-hand side, into 100 equal divisions. When a 
5 mg. rider is placed in the first notch, the balance, when released, should be in 
equilibrium. Each division corresponds to 0.1 of a milligram. The displace- 
ment of the rider one notch should cause a change of the resting point 10 
divisions. By means of the magnifying glass attached to the scale it is possible 
to estimate one-tenth of a division so that the weighing may be made to an 
apparent accuracy of 0.001 of a milligram. The change in successive scale 
readings of a good microchemical balance is very slight and very regular. 
When the rider is moved the operator should make certain that it falls to the 
lowest part of the notch and remains in an upright position. A second mag- 
nifying glass extends the length of the beam or moves with the rider-arm to 
enable the operator to see that the rider i.s properly seated. 

All objects w'hich are frequently weighed such as cruci- 
bles, weighing bottles, and absorption tubes, should be 
counterpoised, using a small glass flask, lig. 401, and 
glass beads for tare, making a final adjustment by adding 
an aluminium wire filed the proper amount. For light 
objects, such as boats, an aluminium wire alone may be 
used. By this means, most of the weighings may be per- 
formed by u.sing only the rider.* The 10 mg., two 20 mg., 
and 50 mg. weights should be calibrated against the rider 
and filed in order that corrections do not have to be aj)- 
plied. AH weights and counterpoise.s should be kept in 
the balance-case, and forceps and spatulas should be kept 
on a gla.ss plate in the large glass balance case. The zero 
point may be adjusted by means of the small vane at 
one end of the beam. The sen.sitivity of the balance 
should be tested with variou.s loads in the same way 
that the standard analytical balance is tested, except that the rider is moved 
0.1 mg. instead of 1 mg. 

The balance should be in.spected regularly and the knife-edges and supports 
kept clean by the use of dry chamois skin. 



Fig. 401. 
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As far as possible all objects to be weighed should not be touched by the 
hands because of the moisture and grease always present and also to prevent 
change in temperature. The object should not be wiped immediately before 
weighing because of the removal of the film of moisture which will be again 
absorbed while weighing. The object should be placed on the balance and an 
approximate weighing made, the final exact reading being taken after the lapse 
of three minutes. All objects weighed should be kept free from dust, and the 
hands of the operator should be kept free from dirt and body oil by frequent 
washing and careful drying. It is the adherence to details, such as these, that 
makes fof success in microanalysis. 

A small block of copper, kept in the desiccator, is used to decrease the time 
for the object to attain the temperature for weighing. 


Notes. — 1. In reporting weights they are often expressed in terms of so many 
(gamma) or (m gm.) and 7 = /* gm. = 0.001 mg. , , 

2. The use of lead shot for filling counterpoise flasks is to be discouraged when tne 
period between weighings is of such length that conditions of temperature and pressure 
have changed materially. Most of the objects counterpoised are of glass which has a 
different density than lead. The use of glass beads is, therefore, desirable. A tare of 
the same size and shape should be used when possible. This cannot be easily done m 
the case of weighing absorption tubes with some types of balances. 

When, for example, five gins, of shot are used to balance a glass vessel, the differ- 
ence in the volumes of air displaced by the lead and glass is about 1.5 ml. (sp.g. of glass 
taken as 2.7) . The weight of this excess air displaced by the glass vessel will vary 67 per 
degree of temperature variation, 287 per cm. of barometric variation, and about 2I7 for 
the difference between dry and saturated air. , . , , , i 

3. In order to simplify weighing in routine work without lo^ of accuracy, the scale 
divisions of the niicrobalance are numbered beginning at the right 0, the midpoint 10, 
and the extreme left 20. This avoids phis and minus signs. It has also been found that 
tlie method of short swings used in macro work can be used with the microbalance. If 
tiie total deflection is not over 3 large divisions, then the mean of two successive readings 
gives the rest point as 

19 7 

8.6+ll.l=^-9.8. 

It is, of course, not necessary for the zero point of the balance 
midpoint 10 or that the balance be adjusted to a seMtivity of “actly 10 di^ions for 
0.1 mg. However, the sensitivity should be kept between 9 and 11 div^ions. It is 
important that the balance maintain a zero point, 

a scries of weighings and a properly working balance will do this if intprval of 

is kent within ± 0.5® C. Wliere initial and final weighings involve an interval oi 

time the zero point should be- recorded in each case ^ that when ^ 

gieater than ±0.5 divisions (0.005 mg.) takes place the 

made. A typical example ot recording and calculating v\ei^ weiirhiTie the 

The zero point is a.ssumed to be constant and a tare is use v i f their use is 

4 A very good description of the vanous types of microbalances and their is 
given by G.^o^rback.» Air or magnetic damping is used on 

helps to speed up weighing. However, a P?^ i -iorli'niy w t^ken Balances 

air currents to suDside must still be before ordinary labora- 

which claim a greater sensitivity than O.OOf mg. are not P rlairflv controlled 
tory conditions. Such instruments must have every condition ngidly controlled. 

* Roger J. WiUiams, Ind. and Eng. Chern., ^ah Ed ,8, 229 

» MiWemie, 20, 254^7 (1936); also M. Furter, Ibid., 18, 1-10 (1935). 
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Example 


Sensitivity of balance for 0.1 mg. = 9.2 divisions or 0.1 division = 0.011 mg. 



Beam 

Reading 

mg. 

Rest 

Point 


Boat and Sample 
Empty boat 

5.3 

0.2 

10.9 

8.6 

Difference in rest points 2.3 X sensi- 
tivity 0.011 s= 0.025 mg. 

When the rest point of the sample is 
greater than the rest point of the boat, the 
weight obtained by multiplying the differ- 
ence in rest points by the sensitivity is 
subtracted from the difference of the b^m 
readings in order to calculate the W’eight 
of sample taken. 

Difference 

Diff. R.F. 2.3 X 0.011 
Weight sample 

5.1 

0.025 

5.075 

2.3 

Boat and Sample 
Empty boat 

5.3 

0.2 

6.3 

8.6 

When the rest point of the sample is 
greater than the rest point of the boat, the 
weight obtained by multiplying the differ- 
ence in rest points by the sensitivity is 
added to the difference of the beam read- 
ings in order to calculate the weight of 
sample taken. 

Difference 

Diff. R.P. 2.3X0.011 
Weight sample 

5.1 

0.025 

5.125 

2,3 

Boat and Sample 
Empty boat 

5.3 

0.2 

8.6 

8.6 

When the rest points are the same, the 
W’eight of the sample is found by taking 
the difference of the beam readings. 

Difference 

Diff. R.P. 0.0X0.011 
Weight sample 

5.1 

0.000 

5.100 

0.0 


Sampling. — If the same care that is used in macro sampling is taken in 
preparing samples in microwork, the error in microsampling will be no greater 
than when a larger sample is used. All samples should be finely ground for 
the reason that a single crystal may weigh as much as 2 mg. 

For a mathematical study of the theory and errors in microsampling, the 
following references are given 

Drying and Weighing Samples. — When a substance requires drying with- 
out vacuum, it has been found that a small aide^utlet desiccator charged with 
phosphorus pentoxide or other suitable drying agent, such as “Drierite” or 
“Dehydrite,” and heated internally by a coil of resistance wire inserted 
through the opening is useful. A vacuum de.siccator may be used to h^'ten 
drying at room temperature if a high temperature causes decomposition. 
Substances for analy.sis should be dried to constant weight. However, in 
routine work, where a great number of samples must be analyzed each day and 
speed is a factor, it ha.s been found that for compounds with a high melting point 
drying overnight at 100° C. in vacuum in the presence of a drying agent is 
sufficient except in rare cases. A vacuum pistol dryer of the Abderhalden type 
with electric heating has been found very satisfactory. The design may he 

*A, Benedetti-Pichler, Z. Anal. Chem., 61, 305-31 (1922); Baule and Ben^et^* 
Fichler, Z. Anal. Chem,, 74, 442-56 (1928); Joseph Mika, Z. Anal. Chem., 73, 257 -w 
(1928). 
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seen in Fig. 402. ^ The total length is 30 cm, and the diameter of the vacuum 
drying chamber is 3.5 cm. Ten to fifteen samples, in weighed boats and 
placed on a glass plate, may be dried at one time and for this reason it is 
recommended for routine drying. After drying, the samples are placed in the 



Fia. 402. 


small side-outlet desiccator heated to 70° C. Before weighing a sample, it is 
removed to an unheated de.siccator to cool, then placed in the weighing bottle, 
Fig. 403, and, after standing three minutes on the balance, its final weight is 



Fig, 403, 


taken. The long projections on the weighing bottle are to prevent heating of 
the bottle by handling. 

Dr 3 dng $aid Weighing Hygroscopic Substances. — Hygroscopic substances 
which take up water slowly may be dried in a boat which is quickly placed in 
the weighing bottle, Fig. 403, previously kept in the balance case. In the case 
substances which take up water rapidly and form hydrates, the method of 
Milner and Sherman ® is recommended. 

* Ind. and Eng. Chem., Anal. Ed,, 8, 427 (1936). 
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A vapor bath, Fig. 404, maintains a constant temperature as in the ordinary 
Abderhalden. The two-way stopcock can be turned to permit evacuation or 
the drying of incoming air, the latter entering through a very fine capillary 
cemented in the plug of the cock and then through the U-tube containing the 
desiccant. The other end of the tube carries two ground joints, a large one for 
introducing the plate holding the pig and a small one to hold the brass rod used 
to open and close the pig while the sample is in the drier. A closed-end mercury 
manometer is used to seal the small ground joint and to indicate leaks if present 
when the apparatus is evacuated overnight. The weighing bottle or pig is 
made without the long projections for handling. A phosphor-bronze spring 
clip holds the pig firmly in place on an aluminum base with two depressions for 



the front legs, Fig. 405. The base, whose edges are curved to fit the drier, is 
held fixed within the drier by another spring clip. The solid glass stopper of 
the pig has a small handle with projecting knob which is engaged by a braj'S 
sleeve comprising a bayonet joint and which enables the stopper to be witi- 
drawn or firmly seated while the pig is in place. Before the sample is weiphe 
out, the pig and empty boat are dried and capped in the apparatus. T c 
sample is w^eighed and dried and the result recorded. Then the pig is opone 
and the sample allowed to equilibrate with the moisture in the rooip. Usua yt 
after 30 to 60 minutes, equilibrium is so nearly approached that any further 
in weight while transferring the sample to the combustion tube is neghg* > 6' 
The pig is then closed and reweighed. The gain in weight upon exposure o 
air is subtracted from the weight of water found before the percentage o 
hydrogen is calculated. 
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The method (see Fig. 402) of heating electrically and having the drying 
agent attached closer and with a wider opening to the sample is more convenient 



than in the Milner and Sherman apparatus. Samples may then be dried at any 
temperature by simply changing the rheostat setting. 

Weighing Liquids. — When the substance is to be oxidized, as in the deter- 
mination of carbon, hydrogen, sulfur or nitrogen, a capillary tube, Fig. 406 A-B, 



^ : c 





Fiq. 40G. 


closed and drawn out. A small crystal of potassium chlorate, placed in the 
capillary, Fig. 406 C, is melted and cooled. A hair capillary is formed by draw- 
ing out the open end of the tube, this is broken at a suitable point, lig. 406 D, 
and the tube weighed. The tube is then carefully heated to expel the air but 
not sufficiently to melt the potassium chlorate, the open end dipped into the 
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liquid to be analyzed and allowed to cool. The excess liquid is carefully re- 
moved from the hair capillary by gently heating, after which the tube is sealed 
and weighed, Fig. 406 E. 

The handle and tip are broken off and the tube is placed in the combustion 
tube on a narrow strip of ignited platinum. It is then quickly placed in position 
by the use of a platinum or nichrome wire. 

For halogen determinations, the potassium chlorate is replaced by am- 
monium nitrate. 

Another method ® of filling CApillary tubes, which is very simple, consists in 
placing the open end of the capillary in the liquid contained in a small sample 
bottle. Both are placed in a small filter flask equipped with a rubber stopper 
and stopcock, Fig. 407, Suction is applied and the flask evacuated, which also 



Fio. 407. 


evacuates the capillary. This takes only a few seconds. The stopcock is now 
slowly opened and the difference in pressure between the outside and inside of 
the capillary forces the liquid into it, 

■ J. Linder, Mikromassanalytische Bestimung des Kohlenstoffs und Wasserstoffs nut 
Grundlegender Bebandlung der Fehlerquellen in der Elementar Analyse Verlag Chemie, 
Berlin 1^. 
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Viscous liquids are weighed directly into boats. 

Liquids with high vapor pressure/ such as acetone, ether, etc., are weighed 
into a capillary of 1 mm. bore, 30 mm. long with a hair fine capillary end 0.03 to 
0.05 mm. bore, 20 to 30 mm. long. The liquid to be sampled is kept cold and 
the main body of the capillary is warmed, e.g. with warm brass forceps, while 
dipping in the liquid. It is allowed to cool and the liquid rises in the capillary. 
Before the capillary has completely cooled, it is lifted out of the liquid with 
cooled forceps and a small amount of air allowed to enter in order to push the 
liquid away from the hair fine capillary. The liquid may now be weighed as 
the hair capillary prevents any weigh able quantity of vapor from escaping in 
% hour. The sample is placed in the combustion tube and is surrounded by a 
cooling mixture while the tube is being swept out. The analysis is then 
carried out in the regular manner. By using the above method, the vapor 
slowly escapes into the combustion tube from the open hair capillary as it is 
carefully heated. 

Gases. — Gases, such as those of the hydrocarbon series, may be introduced 
into a combustion system by the method of Wm. F. Bruce * (sec page 2480). 

Treatment of Rubber Tubing. — AH rubber tubing used for connections is 
placed in a flask with molten vaseline while suction and pressure are alternately 
applied so that the pores of the tubing are completely filled. The special 
tubing has an outside diameter of 8 mm. and a bore of 2 mm. Tubing already 
impregnated can also be purchased from supply houses. 

Micro Neubauer Crucible. — The micro Neubauer platinum crucible is used 
to filter the precipitate in the determination of sulfur and arsenic. The filtering 
medium is composed of a compressed 
platinum iridium sponge. The 
crucible is shown, Fig. 408, attached 
to a small filtering flask by means 
of glass tube G 10 mm. outside 
diameter and rubber sleeve 
The crucible is prepared for use by 
washing with the aid of suction with 
chromic-sulfuric acid mixture and 
water. The crucible is removed and 
closed with a lid and lower cap, 
ignited on a small square of sheet 
platinum, cooled on a copper block, 
and weighed. 

The micro Neubauer crucible 
may be profitably replaced for 
routine work by porcelain micro Fig. 408. 

filtering crucibles with a filtering 

medium of unglazed porcelain. In the case of porcelain crucibles, they are 
ignited in an electric muffle, then, after cooling in the air for 2 to 3 minutes, 
are placed in a desiccator until they come to room temperature. They are then 
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weighed at the end of a definite time, say 5 or 10 minutes. If weighings are 
made the same day, the change in moisture content is not enough to cause 
serious error when the crucible is ignited and weighed under the same condi- 
tions. However, when the analysis is not completed the same day or when the 
highest accuracy is required, it is best to place the crucibles in weighing bottles. 

The Filtering Tube. — The hard glass or quartz filtering tube 11 cm. in 
length, Fig. 409 A, is first filled with a thin layer of dry Gooch-cmcible asbestos, 

a suspension of asbestos in water added and 
then the asbestos pad is washed with sulfuric- 
chromic acid mixture, water, hot nUric acid, 
water, finally with alcohol and dried at 
120-125°. 

A micro Gooch-crucible may be used. 
The filter tube of Pregl also permits the auto- 
matic transference, Fig. 409, of precipitates 
such as silver halide on to the filtering sur- 
face. Hard glass filter tubes with fritted 
glass filter beds of varying porosity are avail- 
able and preferred for routine work. 

Removal of Traces of Precipitate. — A 
small feather cemented to the end of a cap- 
illary tube or a small rubber policeman is 
used to remove from beakers and test tubes 
the last traces of precipitate. 

The Imm ersion Filter, — In the method 
used by F. Emich the precipitation takes 
place in a micro beaker and the mother 
liquor and wash water are removed by suctmn through an immersion filter 
or “filterstick.” The filter remains in the beaker and both are weighed 
together; thus, the complete transference of the precipitate to the filter is not 
required. The method is simple and gives greater accuracy with less skill 
than when the filter tube of Pregl is used. 

The micro beaker has a capacity of 5-10 ml. and is easily fashioned from a 
pyrex test tube. The immersion filter, Fig. 410, is a capillary glass tube, 2 mm. 
outside diameter and 5 cm. in length, one end of which is expanded into a funnel 
or head which may be varied in shape and size but is conveniently 8 mm. in 
length and 6 mm. in greatest diameter. The total weight of filter and beaker 
is 6-10 gm. 

The filter has a platinum spiral at P, Fig, 410, and on this is formed an 
asbestos mat which is washed and treated in the same way as the Pregl filter 
tube. The filter and beaker, which have been thoroughly cleaned, are dried in 
the oven at 105-120° C., cooled in a desiccator without drying agent, and the 
final weight taken after standing 5 minutes on the balance. Care must be 
taken to keep the head of the filter up so that the dried asbestos mat will not 
fall out. 

The precipitation is now made in the beaker and after the precipitate has 
coagiilat^, the asbestos mat of the filter is moistened with a drop-of water ana 

« Stabler: “ Handb. d. Arbeitsmethoden,” V. 1, p. 680 (Leipzig, 1913). F. 

** Mikrochemisches Praktikum,'^ p. 62 (Pub. J. F. Bergmann, 1931). 
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the filter attached to a suction flask by means of a glass tube and rubber con- 
nection. The filter is placed in the beaker with the head just above the coagu- 
lated precipitate and the liquid withdrawn into the suction flask, Fig. 411. In 



Fjg. 410. 



To Su«;on 
Flask 


the same way the precipitate is washed as prescribed and the wash water re- 
moved. The filter is disconnected and remains in the beaker and they are 
both dried and weighed as before. 

If the precipitate must be ignited then the filter and beaker are made of 
platinum, porcelain or quartz and the filtering medium is 
platinum sponge, porous porcelain or sintered quartz. A 
thin porcelain crucible of 10 ml. capacity serves well as a 
beaker. Where a volume of solution greater than 10 ml. must 
be handled a microbeakcr developed in this laboratory. Fig. 

412, with a ground-glass joint, so that the top section may be 
removed, is useful. The precipitation is carried out as usual 
and then the filtrate removed by the immersion filter. The 
bottom section with, the filter stick, which has been previ- 
ously weighed, is now detached, dried, and re weighed with the 
precipitate. The total weight of the bottom section and filter 
stick is 8-10 gms. 

Where ignition is required it is best accomplished in an 
electric muffle furnace heated to 1100-1200° C. and the beaker 
with the filter is placed in a covered unglazed porcelain con- 
tainer. After ignition, cooling takes place in the open air for 
3 minutes, then in a desiccator with drying agent, and after 25 minutes they 
are weighed. 

In all the microgravimetric determinations to be described the immersion 



Fig, 412. 



2472 QUANTITATIVE MICROCHEMICAL ANALYSIS 


filter method is applicable, even though it may not be specifically mentioned 
in the procedure. 

Burettes. — For general routine titration work, a 10 ml. burette graduated 
in 0.05 ml. is suitable. The burette can be read to 0.01 ml. and this is suffi- 
ciently accurate for most titrations. Where greater accuracy is required, the 
graduations should be in 0.01 ml. The graduations should extend around the 
burette far enough so that parallax can be avoided in taking readings. 

Standard Solutions — ^Titration. — It is good practice to standardize accu- 
rately 0.1 N solutions, care being taken that the solutions are maintained at 
20® C. 0.01 and 0.02 N solutions are freshly prepared as required by diluting 
0.1 N solutions, 0.001 N solutions are not satisfactory as a rule for routine 
work because of rapid deterioration. Because 0.1 N solutions yield such a 
large volume on dilution to 0.01 N, much time and labor will be saved if the 
reagent for the 0.1 N solution is purchased already weighed out and is then 
diluted to a liter. For most work the accuracy of these reagents is quite 
sufficient. It is desirable that the solutions be kept in a constant temperature 
cabinet at 20° C. In summer the use of a constant temperature water jacket 
on the burette is required for accurate titration, unless air conditioning is 
available. Most 10 ml. burettes yield too large a drop to obtain an accurate 
end-point. It is best to wash off the tip of the burette just before commencing 
the titration, and near the end-point to split the drops and successively wash 
0.01-0.02 of a ml. into the flask, until the end-point is reached. 

Because of the precision required in micro work all volumetric apparatus 
should be standardized, preferably by the U. S. Bureau of Standards. 

Colorimetry. — It is possible to match colors in the old •style colorimetric 
tubes. It is much better, however, from the standpoint of speed and accuracy 
to use a micro col crime ter. These are available in 1 ml. capacity. Some special 
forms have a capacity as low as 0.1 ml. 

The use of photoelectric colorimeters is of advantage in routine work 
where the instrument can be standardized for a particular procedure. 

The Heating of Combustion Tubes, — Combustion tubes may be heated 
with gas or electricity. Gas has the advantage that it will hfeat the tube up to 
temperature quickly. Gas burners are readily available in almost every labora- 
tory. However, it has the disadvantage of uneven heating and causing tem- 
perature changes in the room as it is turned off and on throughout the day. 

Rapid variation in temperature and uneven heating are avoided by the use 
of electric heating units. Electric heating requires special furnaces which are 
so designed that if necessary they need not be shut off at the end of each run 
for cooling of the combustion tube. By this means there is no loss of time from 
one run to another in getting the furnaces up to temperature. 

Apparatus for determinations requiring combustion is usually equipped with 
gas heat. The author has used both gas and electric heating but favors the 
latter for routine work. While the methods described for carbon, hydrogen, 
nitrogen, halogen, and sulfur use electric furnaces, gas furnaces may be sub- 
stituted. In the case of carbon and hydrogen, the lead dioxide is heated with 
a mortar filled with cymene which boils around 180® C. Some laboratories use 

“Withrow, Shrewsbury, and Kraybfll, Ind. Eng. Chem., Anal. Ed., 8, 214-19 (1936); 
Ralph H, Muller, Ind. Eng. Chem., Anal. Ed., 7, 223-6 (1935). 
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electric heating for that section of the tube containing the catalyst or oxidizing 
agent, but burn the sample with the gas burner. 

The electric furnaces, Fig. 414, for the carbon and hydrogen apparatus are 
constructed by winding nichrome wire on a 6^ and two 3 inch sections of a 
Yi inch inside diameter porcelain tube. The 3 inch furnace u.sed to heat the 
lead dioxide is wound with No. 30 wire in three layers separated by aiundum 
cement and asbestos paper. The other two furnaces have two layers of No, 25 
wire. The wound cores are hardened by drying at 150® C. The ends of each 
furnace are made of circles of Transite, 3 inches in diameter. Each furnace 
is covered with an aluminum or brass shell. Rheostats are used to adjust the 
furnaces to proper temperature. Ammeters may be put in the circuit to see 
that the proper amount of current is passing through. ■ Thermocouples may be 
embedded in each furnace and the temperature may be automatically regulated 
if the voltage varies. It is best that the lead dioxide furnace be regulated to 
±0.2® C. because variation will cause the material to give off or take up water. 

The furnaces, Fig. 423, for Dumas nitrogen are of the split type. When 
the lower half swings down the upper section may then be raised slightly and 
the furnace pushed away from the combustion tube. The furnace may then 
be closed and thus kept up to the proper temperature for the next determination. 
In the drawing the furnace iV is shown in the position away from the combustion . 
tube, and furnace 0 is shown in the position over the combustion tube. The 
furnace V is provided with two notches, one of which shows at V, the other at 
the same relative position, which fit on- the rail X so that this furnace may be 
pushed along the combustion tube. 

The furnaces for the halogen-sulfur determination, Fig. 428, are also of the 
split type, but cannot be shoved back from the combustion tube. The upper 
half swings open and automatically locks in position. The combustion tube 
may then be removed and placed on the supports on the front of the apparatus 
to cool. By pushing the lever at the back the furnaces may be closed and 
thereby kept up to temperature for the next run. 

The construction is shown by the drawings. The furnaces are 3 inches and 
7 inches in length' and 3 inches in diameter. The ends are made of transite. 
The shell is made of aluminum. Fig. 428 with the top section of the small 
furnace removed shows the details of construction of the heating elements. The 
heating element of each half consists of two coils of No. 25 nichrome wire sup-^ 
ported on Y aiundum rods. This in turn is held loosely in place by 
notched porcelain semicircles which are cemented to the aiundum refractory. 
This refractory consists of a stock aiundum tube 1 inch inside diameter, sawed 
in two. The top and bottom nichrome heating elements are connected in 
series to binding posts on the transite ends. The heating elements are easily 
replaced at any time. The furnace temperature is measured by a thermocouple 
and, if required, suitable resistance is inserted. 

For laboratories having a large number of routine organic combustions, 
the split type electric furnace unit shown in Fig. 413 can be used to advantage, 
T'he apparatus is fabricated from aluminum and stainless steel. The drawing 
shows the small burning furnace, tilted back corresponding to a position away 

^ 7nd. Eng, Chem., And. Ed,,. 10, 110, 111 (1938). This paper gives details of the 
application of the apparatus to the determination of carbon atid hydrogen, nitrogen, 
sulfur, and halogen. 
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from the combustion tube which is not shown, and the large furnace in a position 
over the combustion tube. A small electric motor with gear reduction drives 
a screw which moves the sample burning furnace along the combustion tube. 
When the small furnace is brought in the burning position over the combustion 
tube, it meshes with the screw, the motor starts and a brush contact, attached 
to the bottom, passes over a series of insulated metal segments as the furnace 
moves along. These segments, connected through suitable resistances, auto- 
matically vary the speed to give slow initial burning and accelerated burning 
after the sample has carbonized. The furnace automatically stops when it has 
reached a predetermined point and the sample has been burned. Any com- 
bination of speeds can be obtained by varying the number, positions, and length 
of the segments. The heating elements are the same as in the hand operated 
furnace. 



The application of this type of burning furnace to the determination of 
carbon and hydrogen, halogens, and nitrogen increases the number of deter- 
minations done per day by about 25%. There is less fatigue for the operator 
and more time available for weighing, calculating and titrating while the 
samples are burning. 

Many laboratories run combustions only occasionally and a general utility 
combustion unit for all combustions is desirable. By constructing a three-unit 
split type which can also be pushed away from the combustion tube, the needs 
of the small laboratory are met- When running Dumas nitrogen, sulfur, or 
halogen, the small unit for heating the lead dioxide in the carbon and hydrogen 
determination may be removed. 
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Microchemcal Equipment -Practically all apparatus for the procedures 
here described can be readily obtained from supply houses in the United States. 


DE^'ERMINATION OF CARBON AND HYDROGEN 
IN ORGANIC MATERIAL* 

The method described gives a high degree of accuracy together with speed 
and can therefore be used to advantage in routine work. 

The procedure is similar to the combustion method which is known to all 
those who have had occasion to determine carbon and hydrogen in organic 
compounds. The results obtained are as good as, and in many cases better 
than, those obtained by using the macro method. Results average ±0.1% 
from theory for compounds containing carbon, hydrogen and oxygen. Those 
containing sulfur, halogen and nitrogen vary ±0.2% from theory. 



Fia. 414. 


Apparatus. — A general view of the apparatus is given in Fig. 414. The 
pressure regulator A is half filled with concentrated sulfuric acid and is then 
connected at the point R by a glass tube with rubber connection to a cylinder of 
oxygen, preferably made from liquid air. The pressure regulator is attached 
with a rubber connection to a small bubble counter C and drying tube D, made 
of pyrex glass fitted with a ground-glass joint. The bubble counter is partly 

* For an automatic combustion apparatus, see p. 2473 and ref. 12. 

“ Kemmerer and Hallett, Ind. Eng. Chem., 173 (1927). 
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filled with concentrated sulfuric acid by dipping the end into a beaker of the 
acid and applying gentle suction on the drying tube D. The excess acid is 
then removed from the end by carefully heating over a burner. The drying tube 
is charged two-thirds of its length with “Ascarite^' (Trade name for sodium 
hydroxide on asbestos), fine glass wool being placed at both ends (Corning 
standard wool No. 008); then a layer of phosphorus pentoxide mixed with 
fine glass wool; and at the end another short layer of glass wool. The ground- 
glass joint is then heated, the two parts coated with a small amount of glass 
cement, and after the joint is firndy pressed together it is allowed to cool. 
A rubber stopper is placed on the tapered capillary end of this jokt. The 
pyrex, or preferably quartz combustion tube, 53 cm. in length and 7 mm. 
inside diameter, has a capillary opening 1.5 to 2.0 cna. in length. The com- 
bustion tube is charged, beginning at the capillary end, with a short wad 
of ignited asbestos, then silver wool, 1.5 cm.; powdered lead dioxide mixed 
with asbestos or granular lead dioxide, 4.5 cm. ; silver wool, 3 cm. ; finely broken 
copper oxide wire impregnated with lead chromate (by igniting and sprinkling 
with lead chromate which fuses on the copper oxide), 15 cm.; silver wool, 
3 cm. An ignited asbestos wad Ls placed between each of these charges 
to prevent shifting. Care must be taken not to pack so tightly as to stop 
the flow of gas through the combustion tube. Silver removes any halogen 
and sulfur present, lead dioxide reacts with the oxides of nitrogen, and lead 
chromate also removes oxides of sulfur. Lead dioxide is heated by the electric 
furnace G to 180® C., copper oxide to 700-750® C. by the furnace F, and the 
third furnace E is employed to burn the material in the boat, the temperature of 
which if necessary may attain 1000® C. The temperatures of the first two 
furnaces are accurately measured by means of a thermocouple, and as each 
furnace has a rheostat and a means of reading the current by a small ammeter, 
it is possible to regulate the temperature accu^-ately. The control of the tem- 
perature of the lead dioxide is very important as fluctuations in temperature 
cause it to give up or absorb water vapor. The furnaces are placed on two rods 
so that they may be moved along the combustion tube at will. At the point H 
a small electric heater is placed in order to prevent condensation of moisture. 
The heat applied should be regulated so as not to damage or destroy the rubber 
connection. The combustion tube when freshly charged is kept at full heat for 
not less than six hours while a slow stream of oxygen is passed through the tube 
in order to bum organic matter and free the tube and filling from absorbed 
gases, such as water vapor. 

Absorption Tubes. — Because the oxygen used in the combustion is not 
swept out with air and since phosphorus pentoxide is used for the absorption of 
water, the absorption tubes must be capable of being sealed in order to prevent 
the escape of oxygen or the entrance of moisture during weighing. 

The absorption tube, Fig. 415, is made from a 6 mm. pyrex ground-glass 
joint. The main body of the tube is enlarged until it is 7 cm. in length and 
1.3 cm. in diameter with thin walls to keep the weight as small as possible. 
The mercury bulbs C at each of the tubes are identical, the internal diameter 
being 3-4 mm. The internal diameter at A and B is 0.2 mm. As an added 
precaution bulbs 2. 5-3.0 mm. are blown between the points B and D to catch 
any mercury which might be carried through. The straight part of the tube D 
has an internal diameter of 1 mm. and for a length of 1.5 cm. an external diam- 
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eter of 3 mm., which fits the special micro tubing used. In Fig, 415, F is solid 
glass to strengthen this part of the tube. The mercury is shown sealing the 
capillaries. When the tube is rotated 180® and shaken slightly, the mercury 
falls and the tube is open. The ground-glass joint is sealed with glass cement. 



The total length of the carbon dioxide absorption tube is about 12 cm. and 
that of the water absorption tube slightly less. It is very important that these 
tubes be washed in chromic-sulfuric acid mixture, and then with water, fol- 
lowed by alcohol and finally ether, so that the main body of the tube is clean 
and also the capillaries on either side of the mercury chamber. 

A modified construction for these tubes has been described.^^ The mercury 
trap and seal are placed within two hollow glass stoppers which are ground to 
fit the ends of a. Pyrex tube 1 cm. in diameter, Fig. 416. The tube is shown 

HZ 

Fig. 416. 

unsealed in the figure. When the tube is rotated 180® the mercury drops seal 
the capillaries. 

The water absorption tube K, Fig. 414, is charged first with a wad of fine 
glass wool (Pyrex Standard); then phosphorus pentoxide mixed with a small 
amount of fine glass wool ; and then a wad of glass wool. The end of the tube is 
then heated and sealed with glass cement. A small drop of mercury is then 
drawn into each end by means of gentle suction. 

The carbon dioxide absorption tube L is charged first with a short layer of 
glass wool; then three-fourths with 20-mesh ‘^Ascarite”; a short layer of fine 
glass wool; then a short layer of phosphorus pentoxide; and finally a wad of 
fine glass wool. The tube is then sealed and mercury drawn in. 

The ends of the tubes in all cases must be glass to glass in order to minimize 
the diffusion of gases through the tubing. The charges in both tubes will last 
for 30 to 40 determinations. The “ Ascarite” changes color from a light brown 
to a grayish white upon absorbing carbon dioxide. A guard tube M, filled 
with phosphorus pentoxide or ‘‘Dehydrite,” is placed at the end of the carbon 
dioxide absorption tube and the guard tube is attached to the Mariotte flask. 
The Mariotte flask or aspirator bottle S is used to measure the amount of gas 
passed through the combustion tube and aids in keeping the system at atmos- 

Cornwell, Ind, Eng. Chem., Anal. Ed., 3, 4 (1931). 
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pheric pressure, and thus minimizes diffusion of gases through the rubber 
connections. 

By means of a three-way stopcock N between the flask and guard tube the 
speed of the oxygen can be regulated. It is also possible by means of stopcock 
N to open this line to the atmosphere before removing the absorption tubes, 
and thus create an outward pressure which prevents the absorption of moisture 
and carbon dioxide from the air. By opening stopcock 0 to the air, and attach- 
ing tube P to a water tap, it is possible to fill the bottle without removal from 
the stand. Tube R runs to the sink and is constricted, or may have a stopcock, 
so that while the flask is being filled, water will not readily escape. * 

Procedure. — The furnaces are turned on and also the small heater H; the 
absorption tubes are wdped with a damp cloth, dried, and after unsealing (by 
rotating 180'’ and tapping lightly), are attached to the combustion tube. The 
oxygen is turned on and the pressure in the Mariotte flask regulated so that the 
gas passes at the rate of 10 ml. per minute, and is allowed to pass while a 3 to 7 
mg. sample is being weighed in a cleaned and ignited porcelain or platinum 
boat, suitable precautions being taken if the substance is hygroscopic or a 
liquid. The heater H Ls turned off 5 minutes before the absorption tubes are 
removed. The stopcock iV on the oxygen line T of the Mariotte flask is turned 
so that the oxygen flows into the air. The guard tube is removed while oxygen 
continues to flow and then the '^Ascarite” tube L is removed. The tube is 
rotated 180° and is tapped lightly causing the mercury to seal the capillaries. 
The phosphorus pentoxide tube is handled in a similar manner. In removing 
the tube only the ends and not the main body are touched, and these are care- 
fully wiped each time. It is only necessary to wipe the main body of the 
absorption tube at the beginning of the day’s run to remove accumulated dust. 

The phosphorus pentoxide tube is placed on the balance, its approximate 
weight obtained, and is allowed to stand 10 minutes before the final reading 
is taken. The other tube is then weighed in the same manner, after remaining 
3 minutes in the balance. While the first tube is on the balance the boat con- 
taining the weighed sample is placed in the combustion tube by means of 
platinum-tipped forceps and a clean platinum or nichrome wire. The flow of 
oxygen now sweeps out any moisture and carbon dioxide which has entered. 
The absorption tubes are attached, the flow of oxygen is regulated to 5-6 ml. per 
minute by the stopcock N, the combustion furnace is turned on, and the sample 
is burned by slowly moving the furnace over the boat. The small heating coil 
at the capillary end of the combustion tube is turned on to prevent the con- 
densation of water vapor. The actual burning of the sample takes about 5-10 
minutes and another 20-30 minutes is allowed to sweep out the products of 
combustion, 100 ml. of oxygen during the first 15-20 minutes, another 200 ml. 
in 20 minutes. In most cases a total of 200 ml. of oxygen is sufficient. The 
correct amount should be checked by running standard samples. The absorp- 
tion tubes are then removed, sealed, and weighed as before. 

While these are coming to equilibrium in the balance, the duplicate sample 
is placed in the tube and after the tubes are weighed and attached, another 
analysis is made in the same manner. From the weights of carbon dioxide and 
water the percentage of carbon and of hydrogen in the sample is calculated. 
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Notes.— ( 1) The^mple should not be oxidized so rapidly that the gases formed are 
forced into the tube D. A capillary is placed in the tube to help prevent this. 

(2) The current of <^ygen should be carefully regulated so that the gases formed may 
pass over the several fillings at such a rate that they are completely oxidized and 
absorbed. 

(3) The system should be tested for leaks by turning off stopcock iV and observing 
the bubble counter C. 

^ (4) The blank test is very important. This is cn-rried out in exactly the same manner 
as in an ordinary combustion except that no sample is placed in the boat. If the absorpH 
tion tubes show an increase of 0.1 mg. or more, the apparatus should be inspected for the 
following: leaks, excess glycerol on the rubber connections, 
insufficient time allowed for burning and conditioning a 
new tube fiUing, or oxygen containing impurities. Before 
beginning a series of determinations a standard should 
be run, preferably containing those elements present in the 
samples to be analyzed. 

(5) The absorption tubes and drying tube D are refilled 
by heating the ground glass joint, wliich melts the glass 
cement and allows the tubes to be emptied and refilled. 

(6) Because phosphorus pentoxide and “ Ascarite ” are 
used, oxygen may be passed through the apparatus at a 
more rapid rate than that recommended by Pregl. For 
compounds containing much nitrogen and sulfur the rate 
should be slower, not more than 5 ml. per minute, so that 
the oxides of nitrogen and sulfur will be reacted upon by 
the reagents in the tube. 

(7) The absorption tube next to the furnace should 
always be placed with the ground glass joint away from the 
furnace to avoid softening of the cement. 

(8) The oxygen may contain organic impurities in 
which case a preheater is used consisting of a combustion 
chamber filled with platinized asbestos or CuO heated to 
650-700* C. by an electric furnace or burner. The gas 
is usually cooled by passing through a glass coil immersed 
in water so that it will not decompose the rubber con- 
nections. The gas is then passed through “ Ascarite ” and 
phosphorus pentoxide before entering the combustion tube, 

A common tyw “ is shown in Fig. 417. Another simpler 
form made of Pyrex and \\ithout a ground-glass joint was Fiq. 417, 

desig-iied by White and Wright,^® The apparatus is 

constructed, Fig. 418, from 10 mm. Pyrex tubing, into which two 4 mm. tubes, AB 
and BC, are joined by ring seals at B. The gas inlet and outlet being attached, the 
bottom of the tube is sealed off, and, in operation, may be immersed in a beaker of water 
to cool the burned gases. Into the annulus around BA is packed 1.5 cm. lengths of 
coarse fibre asbestos, and then fluffy platinized asbestos. The top of BA is then loosely 
packed with coarse fibre asbestos and the top of the 10 mm. tube is sealed off. An elec- 
trical heating unit surrounds the top of the preheater. It should not fit too tigntly 
and should be closed at the top with a stopper of asbestos paper which can be removed 
in order that the correct (dull red) temperature may be ascertained.” 

(9) Where compounds contain arsenic, antimony, tin, bismuth, or phosphor^, the 
following procedure 1’ is recommended which is a modification of the Falkov and Rmziss 
procedure.'® A portion of the copper oxide-lead chromate filling of an ordinary PregJ 
Universal filled combustion tube is removed and replaced by a 3 cm. cylinder made 01 
200 mesh platinum wire gauze filled with granulated lead and a 1 cm. plug made of 



a 
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iederl and Roth, Ind. Eng. Chem., Anal. Ed., 6, 273 (1934). 

an. Jour. Res., 14, Section B, 427 (1936). * i q c /iqqr^ 

. C. SUbert and W. R. Kimer, Ind. and Eng. Chem., Anal. Ed., 8, 3o3-5 (1936). 
. Am. Chem. Soc., 45, 998-1003 (1923). 
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platinum wire gauze. The red lead is prepared by igniting Merck’s granular lead per- 
oxide in a stream of oxygen in a microcombustion tube in an electric combustion furnace 
at the normal combustion temperature. To prevent any red lead dust from sifting 
through the platinum gauze, a thin layer of asb^tos lines the entire inner surface of the 

cylinder, including the ends. This snug fitting 

T — cylinder ensures more intimate contact of the 

^ 1|| A ' combustion gases with the red lead than if the 

A V, latter is merely placed in a boat as recommended 

by Falkor and Raiziss. The details of the filling 
are showm in Fig. 419. 

/ * S (10) Analysis of Coal for Carbon and 

*\ \\ . Hydrogen. « 

I No special technique is required, but the 

sample must be finely ground (about 100 mesh) 
V "'v* ^ in an agate mortar. For accurate analysis, it is 

* ' ^ necessary, of course, to dry the sample, weigh in 

rV a weighing bottle, and then transfer it quickly to 

(\ III the combustion tube before it takes up moisture, 

|L Moisture cannot be determined by micro 

iy (n|1 ^ methods because this figure should represent a 

W — ^ large mine run sample. The sampling of the 

B co^ is, likewise, done in the usual macro way. 

^ The final sample which is submitted to the 

f — " 7 — '' j analyst is then taken and prepared for analysis. 

^ Kimer gives the following example: 50 gms. of 

German bituminous coal in fairly large pieces 
w'ere crudely ground in a mortar, sample A. 
Five grams of sample A were pulverized for 5 
minutes, sample B. Sample B did not give con- 
S / 71 /n. cordant results but on taking 1 gram of sample B 

^ “ and pulverizing in an agate mortar for 5 minutes, 

it gave sati.sfactory checks, Lucas and Grassner 
e take the final 125 gm. sample, grind to 100 mesh, 
jp ^ and take 10 mg. of this for a determination. 

^ < * § (11) Solid compounds which are explosive 

w’hen heated are mixed in the boat with fine 
copper oxide or some inert material such as 
ignited finely ground silica.^ 

(12) Where compounds are run which con- 
tain carbon, hydrogen and oxygen, the tube fill- 
ing can be much simplified. Only platinized 
asbestos, or better, platinum contacts are re- 
quired to attain complete combustion. This 
mling is heated by the furnace which heats the 
lead chromate-copper oxide mixture. Because 
nitrogen is absent, no lead dioxide is required. 
J y (13) If the apparatus has been standing for 

a week or so, it is best to bum in the combus- 
Fig. 418. tion tube a few cry-stals of sugar or, preferably, 

a few milligrams of a compound containing the 
elements present in the compounds to be analyzed. It sometimes happens that the 
first run is low in hydrogen due to the lead dioxide absorbing moisture. By first 
burning an orgi^c compound, the water-lead dioxide equilibrium is made constant. 

(14) A side inlet combustion tube is often preferred, especially for carbon and hy- 
drogen work. A solid rubber stopper is then used. 

(15) Analysis of Gases for Carbon and Hydrogen. 

The .method essentially consists of measuring the gas accurately in a gas burette. 


wind. Eng. Chem., Anal. Ed., 5, 363-9 (1933). 
wMikrochem., 6, 116-32 (1928). 

“ M. Furter and J. L’Orange, Mikrocheznie, 17, 38-42 (1936). 
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mixing it with o^gen, and then passing it into the combustion tube. A special tube 
with side inlet, Fig. 420, filled with CO 2 j^sorbent, such as " Ascarite,” is placed between 
the pressure regulator and the drying tube with bubble counter. The measured gas 
sample, plus an excess of oxygen contained in a gas burette, is attached to the inlet A 
by a tight glass to glass connection of capillary tubing. The apparatus is swept out with 
air or oxygen. The oxygen from the pressure regulator is cut off. The gas sample 
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Fig. 419. 


mixed with oxygen is now admitted from the gas burette at the same rate as in a regular 
combustion. When all the gas is out, the burette cock is closed and the method of 
sweeping out is the same as with the standard procedure. 

(16) Many absorption tubes have been designed which can be sealed. Those 
which l^ve a ground-glass joint, which must be turned and lubricated, may give diffi- 
culty due to loss of lubricant when wiped. The use of copper wires in the capillaries of 



the Pregl tube, Fig. 421, to help prevent entrance of moisture and c^bon dioxide have 
been sv|gested by Boetiu-s = and used by Niederl and Roth.« The tubes however are 
filled with air when weighed. . i. ^ 

The objection raised to a sealable tube is that changes m temperature and pre^^ 
affect the constancy. The author has found, however, that during 45 imnutes, wbch 



Fig, 421. 


is the time taken to make a carbon and hydrogen determination, rts rare that there is 
so great a change in pressure as to affect the accuracy of ^^''’.detenmnatiom The tem- 
perature of the laboratory docs not vary enough to nrnke it a factor, , ' 

a sealable tube which can be a-eighed while filled mth toh^bS r^Tb^n 

The wiping at the end of each run of the main body of the absorption tube has not been 

_ “Uber die Fehlerquellen bei mikroanalytischen 

Waaserstoffes nach der methode von Fritz Preg , p. 27, verlag chemie Berlm 1927, 
*^Ind. Eng. Chem., Aijid. Ed., 6, 272 (1934). 
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found necessary. References to the different types of sealable absorption tubes are 
given by A. Friedrich.** 

(17) The water absorption tube may be filled with a desiccant such as “ Anhydrone ” 
(anhydrous magnesium perchlorate) and then finally a inch layer of phosphorous 
pentoxide, to indicate when the tube must be refiUed. Indicating “ Drierite ” (an- 
hydrous calcium sulfate) may also be used in the water absorption tube. It is impreg- 
nated \\’ith a cobalt salt which changes to a reddish color on taking up water. It can 
be regenerated at least 12 times by heating to 235-250® C, for 1 to 2 hours. 

(18) Good results have been obtained by replacing a part of the lead chromate-copper 
oxide mixture with a 4 cm. section of platinum contact foil or a roll of platinum 80 mesh 
gauze. 

(19) The lead dioxide furnace should not be shut off at the end of a serir-s of runs. 
By ^ways keeping the filling up to temperature the lead dioxide water equilibrium is 
more readily maintained. 

(20) One combustion tube filling will last for 200 determinations. If halogens are 
frequently nm the renewal of the silver wool nearest the boat after 20-30 such deter- 
minations is desirable. 

(21) Compounds which are salts of alkalies or alkaline earths must be mixed with 
dry pulverized potassium dichromate in a porcelain boat in order to prevent the forma- 
tion of carbonates. 


DETERMINATION OF CARBONATE CARBON 

The carbonate is decomposed with hydrochloric acid and the evolved carbon 
dioxide absorbed and weighed. The method “ is accurate when samples con- 
taining not less than 1. 5-2.0 mg. of carbon dioxide are used; with smaller 
amounts of carbon dioxide, the error may reach 2%. The values for carbonate 
carbon vary ±0.3-0.4% from theory. 

Apparatus. — The apparatus, Fig. 422, is constructed of Pyrex glass. A 
rubber stopper is used in the 50 ml. extraction flask A, so that flasks may be 
interchanged. The water condenser is approximately 20 cm. long with the 
central tube beveled on the lower end B, so that it will not be closed by drops 
of condensed water. The trap P containing sulfuric acid, is sealed between the 
condenser and drying tube ft, w'hich latter contains the solid drying agents to 
absorb most of the water before it enters ft. This trap also indicates the rate of 
flow of ga.s through the apparatus. It can be readily emptied by means of the 
stopcock at the bottom and refilled through the same by applying suction to 
the apparatus. The drying tube, ft, 26 cm, long, is made of a 1.7 cm. ground- 
glass joint, which is sealed with glass cement. 

The drying tube is filled with magnesium perchlorate trihydrate, '‘Dehy- 
drite” or anhydrous magnesium perchlorate, "Anhydrone.” This is powdered 
so that about half passes through a 20-mesh sieve, the two portions being kept 
seiwrate. The tube is charged first with a wad of fine glass wool, then a 1 cm 
layer of the coarser "Dehydrite”; fine glass wool; 1 cm. layer of anhydrous 

« Mikrochemie, 19, 23-37 (1935). 

* Kemmerer and Hallett, Ind, Eng. Chem., 19, 1352 (1927). 
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copper sulfate to show the presence of water; fine glass wool and alternate 1 cm, 
layers of coarse and fine Dehydrite” or Anhydrone/’ If sulfites are pres- 
ent the carbonate is decomposed with an excess of potassium dichromate 5% 
solution, boiled, and toward the end of the procedure, a small amount of dilute 
sulfuric acid is added. 

The acid bulb, W, supplied with an Ascarite-filled guard tube, T, to prevent 
absorption of carbon dioxide from the air, is attached to the flask A through a 



three-way stopcock. The air passed through the apparatus to remove carbon 
dioxide is first drawn through a sulfuric acid trap <S, which is charged with acid 
through the funnel and may be emptied by disconnecting it at the rubber coii- 
nection and blowing out through L. The air then passes through the tube D 
which is filled with ^‘Ascarite” to absorb any carbon dioxide present. The 
constriction N retards the diffusion of the carbon dioxide liberated in A. The 
whole apparatus is easily attached to a single ringstand. 

« E. R. Marie, J. Chem. Soc,, 95, 1491 (1909). 
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Absorption Tube. — The carbon dioxide absorption tube (see Fig. 415) is 
charged with ^‘Ascarite’^ and a short layer of ‘'Dehydrite'^ or ^‘Anhydrone.” 
For very small amounts of carbon dioxide, 1 mg. or less, it is advisable to use 
phosphorus pentoxide instead of “Dehydrite” in the drying tube R and the 
absorption tube. The absorption tube is connected to the outlet of R and a 
guard tube charged with drying agent is attached. 

Procedure. — When the apparatus is freshly filled, carbon dioxide is passed 
through and allowed to stand for 2 hours or preferably overnight. The carbon 
dioxide is then removed by passing air through the apparatus. This operation 
is repeated whenever the trap P is recharged with sulfuric acid. ^ 

Five to ten mg, samples are placed on small watch glasses made by cutting 
the bottom from a test tube, weighed, and transferred along with the watch 
glass to the flask A. The flask is then attached to the apparatus and air 
drawn through for 10 minutes to remove any carbon dioxide present. Ap- 
proximately 2 N hydrochloric acid, which has been boiled to remove carbon 
dioxide, is placed in the bulb TF, The absorption tube, after careful wiping, is 
attached to the apparatus and air is drawn through. This fills the tube with 
dry air similar to that which fills it at the end of the determination. 

As the apparatus is under a slight vacuum it is necessary, before removing the 
the absorption tube, to bring the tube to atmospheric pressure by removing the 
suction line from the guard tube or by opening a three-way stopcock placed in 
the suction line beyond the guard tube. One minute should elapse before 
removing the tube. The tube is then removed, handled and weighed as 
described under carbon and hydrogen. It is then connected to the apparatus 
and the guard tube attached. Air is aspirated through the apparatus at the 
rate of 12 to 14 ml. per minute, and 5 ml. of hydrochloric acid allowed to drop 
slowly into A, When the reaction is complete the current of air is passed for 
5 minutes to remove most of the carbon dioxide. The flask A is then heated 
with a micro burner and the solution boiled 2 to 3 minutes to complete the 
removal of gas. The air current is allowed to continue for 20 minutes or more 
after the boiling is finished. The suction is then stopped for 1 minute and the 
tube is removed as before, and weighed. While the tube is coming to constant 
weight on the balance, a second sample, which has been weighed and placed in 
a clean flask, is attached to the apparatus which is then swept out with air as 
before. The second determination is carried out exactly as the first. From 
the weight of carbon dioxide the percentage of carbonate carbon in the sample 
is calculated. 

Notes. — (1) Where oxides of nitrogen are given off powdered lead dioxide mixed 
with asbestos and heated in a glass tube with an electric furnace to 180° C. must be 
inserted in the train followed by a tube containing the drying agent. The carbon dioxide 
absorption tube is now attached as before. 

*7 Kenyon and Gray, J. Am. Chem. Soc., 58, 1422-7 (1936). 
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NITROGEN BY THE MICRO-DUMAS METHOD * 

The micro-Dumas method consists in decomposing the substance by heat 
ill a mixture of fine copper oxide in the presence of carbon dioxide. The carbon 
dioxide is absorbed in a caustic potash solution and the nitrogen measured in a 
precision nitrometer. Results average ±0.1% from theory. 

Apparatus: The Carbon Dioxide Generator. — The Kipp generator shown 
in Fig. 423 is designed to deliver carbon dioxide of such purity that 100 ml. of 



gas contain only 0.001 ml. which is not absorbed by a 50% potassium hydroxide 
solution. In order to keep the acid out of contact with air the upper and middle 
chambers are connected with glass tubing containing ground gl^s joints. The 
acid used is made by mixing equal parts of freshly boiled distilled water and 
concentrated hydrochloric acid. The marble chips used are etched in dilute 
hydrochloric acid and then washed with water before they, are placed in the 
generator, in order to remove absorbed gases. 

When the generator is assembled and charged, the upper chamber is freed 


* For an automatic combustion apparatus, see p. 2473 and 12. 

^ ” Trautz, Mikrochemie, 9, 300 (1931); Trautz and Niederl, Ind.Eng. C hem., Anal, 
Ed., 3, 151 (1931). 



2486 QUANTITATIVE MICROCHEMICAL ANALYSIS 


from air by adding a few lumps of marble, the U tube A is put in place, and the 
upper B and middle chamber C connected by a glass to glass rubber connection 
at E, Carbon dioxide is allowed to flowfrom the middle C to the upper chamber 
until there is a positive pressure shown by the mercury in the U tube which 
seals the upper chamber from the atmosphere. An excess pressure should 
exist within the upper chamber at all times and the U tube charged with mer- 
cury allows the pressure or partial vacuum to be read. A column of mercury 
6 cm. high in one arm is sufficient to take care of the variations in pressure. 
Before an analysis and at other times when necessary, carbon dioxide is passed 
from the middle to the upper chamber by turning stopcock F until gSs escapes 
through the valve. By removing the U tube spent acid may be siphoned off 
and fresh acid added, 

A gasometer K containing mercury is placed between the generator and 
combustion tube in order to measure the volume of carbon dioxide used during 
a determination. Specially treated and aged rubber tubing previously de- 
scribed (page 2469) is used for glass to glass rubber connections at the points 

H, P and R. The diameter of the glass tubing at these points is 4 mm. The 
gasometer is connected at M to the combustion tube by a capillary tube, 
tapered at the end to accommodate the rubber stopper which fits into the 
combustion tube. 

Combustion Tube . — A Supremax or preferably quartz combustion tube, 
50 cm. in length, and 7 mm. inside diameter has a 1 to 2 mm. capillary opening 

I. 5 to 2.0 cm. in length. This tube is the same as that used for the determina- 
tion of carbon and hydrogen. 

The material used to charge the combustion tube is first ignited. The 
tube is permanently charged, beginning at the capillary end, with a short wad 
of asbestos, then broken copper oxide wire, 9 cm.; a short wad of asbestos, then 
4 cm. of freshly prepared broken copper wire. This is made by pa.ssing hydro- 
gen (washed with a solution of potassium permanganate acidified with sulfuric 
acid) over heated broken copper oxide wire and cooling in a current of hydrogen. 
A wad of asbestos is added, then 9 cm. of broken copper oxide wire. This is 
held in place with a wad of asbestos. Before using, the charged tube is pre- 
heated in a current of carbon dioxide and then allowed to cool. 

Nitrometer , — The precision micro nitrometer S, Fig. 423, has a capacity of 
1.5 ml. and is read to the nearest 0.001 ml. It is charged by adding mercury 
until it covers the gas inlet. Fifty per cent caustic potash solution made by 
adding 100 gm. of potassium hydroxide to 100 gm. of water, is then added by 
the funnel to fill the measuring tube. 

Procedure. — A sample which will yield 0.3 to 0.5 ml. of nitrogen is placed 
in a dry, weighed porcelain boat, dried, and then reweighed. If the material is 
in large crystals, it should be ground in an agate mortar. Fine freshly ignited 
copper oxide (prepared by grinding broken copper oxide wire until it pa.sses a 
60 mesh sieve) is added to the combustion tube until a layer of 2 cn[\. is formed, 
then the boat containing the sample is added, and the tube gently shaken and 
rotated until the sample is mixed with a fine copper oxide. Another 2 cm. of 
fine copper oxide is added and then a 4 cm. layer of coarse copper oxide. The 
end of the tube is wiped with absorbent cotton to remove any fine copper oxide 
which would prevent the rubber stopper from making a tight fit. 
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A blank determination using pure cane sugar should be made when the 
procedure or apparatus is modified, in order to determine the volume of un~ 
absorbable gases which enter during each run. A standard sample should be 
run before making a series of determinations in order to see that the apparatus 
is working properly. Liquid materials are weighed in a sealed capillary, the 
tip broken, and after adding 2 cm. of fine copper oxide, the capillary is dropped 
into the tube (broken tip first). It is then covered with another 2 cm. of fine 
copper oxide and finally with 4 cm. of coarse copper oxide. 

After introducing the sample, the combustion tube is attached to the 
apparatiK and the air is eliminated by passing through the system about 100 ml. 
of carbon dioxide, while cold. At the end of this operation, which requires one 
minute, the nitrometer is attached and small microbubbles should appear in 
the nitrometer. Bubbles of proper size are recognized by their uncertain rise 
so that if the gas flow is speeded up the stream of bubbles which are no larger 
than pin points have a tendency to turn over and go toward the bottom of the 
nitrometer. If the bubbles are not of micro size, it shows that the air has not 
been eliminated or that a leak in the system is present. In the next operation, 
the actual combustion stopcock L of the gasometer is closed, both furnaces are 
brought over the tube, and the combustion tube is heated to red heat (700- 
750° C.). Care must be taken that furnace N does not come too close to the 
sample and cause premature combustion. After the bubbles have ceased to 
come over, due to the heating of the tube, any gas which has collected in the 
nitrometer is now released. The burning of the sample is started by gradually 
moving furnace N nearer and nearer to the furnace 0. The rate at which the 
bubbles enter the nitrometer must not exceed 2 bubbles in 3 seconds and this 
rate is carefully regulated by the proper movement of the furnace iV. 

During the combustion the gasometer is refilled with carbon dioxide. When 
no more bubbles rise in the nitrometer, the combustion is at an end and the 
gaseous combustion products are conveyed into the nitrometer by a current 
of carbon dioxide; stopcock L is carefully opened and adjusted to give a rate 
of one bubble per second for five minutes. The rate of carbon dioxide flow is 
next increased to three bubbles per second and when the bubbles begin to 
approach microsize both electric furnaces are opened and pushed away, and 
the tube allowed to cool. Furnace N is shown in position away from the com- 
bustion tube while 0 is in the position over the combustion tube. Carbon 
dioxide is passed through the system until microbubbles of the same size as 
at the beginning of the run are obtained. The levelling bulb is raised, attached 
to a holder, and the nitrometer disconnected. 

After 15 minutes the readings are taken of the nitrogen volume in the nitrom- 
eter with the aid of a magnifying Icnse to within 0.001 ml. with the potassium 
hydroxide in the levelling bulb at the height of the nitrometer meniscus, and of 
its temperature to within 0.1° C. with the bulb of the thermometer touching 
the wall of the measuring capillary, and of the barometric pressure to within 
0.1 mm. The time required from the filling of the combustion tube with the 
sample and fine copper oxide to the completion of the run is 30 to 45 minutes. 

Calculation According to Pregl.— A number of investigators have found 
that a deduction of 2% from the total volume will take care of any unabsorbable 
gases liberated from tube filling during the combustion, the vapor pressure of 
potassium hydroxide and the film of liquid on the side of the nitrometer. 
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Example. — 

Acetanilide sample, mg. '%.950 

Volume of nitrogen collected ml. at 29,5® C. and 753.3 mm. pressure . . . 0.471 

Calibration correction for burette, ml 0.001 

2 % correction, ml 0.009 


Total correction 0.010 

Net volume of nitrogen to be reduced to standard conditions, ml 0.461 

Nitrogen found, % ■ 10.40 

Nitrogen calcd., % 10.37 


Calculation According to Niederl and Trautz.^a — Niederl and Trautz after 
careful research conclude that more accurate results are obtained by dealing 
with each correction separately. It has been found that consistently high 
results are largely due to a more than average amount of un absorbable gases 
liberated by the tube filling, or allowed to enter at the time of filling the tube, 
w'hich amount varies according to individual procedure and set up. These 
high values are corrected by running a blank before each series of runs and 
subtracting the blank from the volume reading as illustrated below. 

To the volume reading the following corrections are applied: 


1. The calibration correction of the nitrometer (from the apparatus certificate). 

2. The correction for the air and absorption errors obtained from the blank 

analysis. 

3. 0.5% for the adhesion of the potassium hydroxide solution to the wall ; 0.3% 

for the vapor pressure of the potassium hydroxide solution; 0.3% 
(approx.) for the temperature reduction of the barometer reading (from 
18“ to 0“ C.) making a total for these three of 1.1%. 

The resulting nitrogen volume is reduced to normal conditions (760 mm. 
and 0“ C.) and the percentage of nitrogen calculated. 

o-ToIuamide sample, mg 3.475 

Volume of nitrogen collected ml. at 24.5® C. and 767 mm. 

pre.S3ure 0.321 

Cidibration correction, ml 0.001 

Air and adsorption correction ml 0.008 

1.1 per cent correction, ml 0.003 

Total corrections 0.012 


Net volume nitrogen to be reduced to normal condi- 


tions, ml 0.309 

Nitrogen found, % 10.30 

Nitrogen calcd., % 10.37 


Notes on the Micro-Dumas Method. — (1) The same quantity of fine copper oxide 
should be used for each determination so that the volume of occluded gases is the same 
for each run. 

(2) Approximately the same volume of carbon dioxide should be uded for each 
determination — when the gasometer is ased the correct volume is readily measured out 
for each run. When the analyst has had experience, the size of the bubbles will deter- 
mine when enough carbon dioxide has been passed, rather than a fixed volume. How- 
evej, it will be found that approximately the same amount is used for each determination. 

**Ind. Eng. Chem., Anal. Ed., 3, 151 (1931). 
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(3) If there is a troublesome adherence of flip ^ 

hydroxide interface it may be overcome by the arhhfion nf^ mercury potassium 

“--si* tS Zdg^^ 

shald^, tte solution is Edlowed to stand, and t“^d 

dioxide ^f^tor'rf'^oth obtained in which case the carbon 
moxiae generator ot rotn,»“ l^ig. 424, offers advantages and has been snccPSRfnllv h^p^I 

by others." A convement design is shown in Fig. 424. A and are mde from 2-tnd 



Iditer, round-bottomed, Pyrex flasks, respectively. A is charged with 500 grams of acid 
carbonate dissolved in 1200 ml. of v^ter, and jB with 170 ml. of water fol- 
lowed by 170 ml. of concentrated sulfuric acid. The be^it of dilution raises the tempera- 
ture of the acid almost to the boiling point and thus contributes to the sul^equent 
einnination of contained air. D and E are sealed, and the desired amount of w'ater is 
mtroduced into the bubble counter (7. Then the T-shaped, three-way stopcock J with 

“Edgar Poth, Ind, Eng. Chem., Anal. Ed., 3, 202 (1931), 

« Milner and Sherman, Ind. Eng. Chem,, Anal. Ed., 8, 331 (1936). 
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its perpendicular arm filled with and extending into mercury, is temporarily con- 
nected through rubber tubing at /, and the entire system is evacuated with an oil pump 
simultaneously through 11 and L. The pumping ^ continued for about 15 minutes when 
the appropriate amount of mercury is run into F. Both during the pumping and for 
some time afterward, the bicarbonate solution in A will evolve carbon dioxide. Besides 
being a great help in sweeping out the last traces of dissolved air from the solutions, this 
property is used in starting off the generator. After closing the T-shaped stopcock, it is 
disconnected from the suction pump at L, The evolution of carbon dioxide in A drives 
the gas into B to build up sufficient pressure to force acid into A upon evacuation through 
H. If H is closed imm^iately following the introduction of the acid, the gas generated 
will force more carbon dioxide into B. By repeating this procedure, sufficient pressure 
can be built up in B to force the mercury se^ F. During this process, the^T-shaped 
stopcock is cautiously opened from time to time to ascertain when the pressure in JB is 
equal to atmospheric pressure plus the height of the mercury column in F, When this is 
attained, the T-shaped stopcock can be removed, and the generator will deliver a stream 
of practically pure carbon dioxide whenever H is opened. As the apparatus cools, or 
after it has stood for long periods of time, it may be necessary to apply suction at H and 
again force acid into A to reestablish the desired pressure in the system. 

Where a supply of dry ice is available, the method of Hershberg and Well wood ® 
provides an exceUent source of carbon dioxide and should be used in place of the Kipp 
generator method if possible. A tw^o-liter vacuum bottle fitted w ith a mercury U-shaped 
safety valve and charged with dry ice will generate carbon dioxide for 2-3 weeks. When 
freshly filled, it should be connected to the apparatus and the carbon dioxide aUow^ed to 
displace the air in the bottle. This usually requires about 12 hours but, in some cases, 
it may require a slightly longer period before gas of sufficient purity is obtained. 

(8) Ground-glass joints on the combustion tube instead of rubber connections have 
been used. They are satisfactory but not necessary for accurate w^ork, 

(9) Some andysts evacuate the combustion tube after it has been connected for a 
run in order to eliminate occluded ga.ses. The apparatus requires a three-way stopcock 
at L and F, Fig. 423. This procedure cuts down the blank, but where the procedure has 
been stand^dized as to the correction to be applied, the evacuation procedure is super- 
fluous when time is a factor, 

(10) If the sample is difficult to oxidize, thus giving low’ results, a small amount, 30 
mg., of finely divided pota.ssium perchlorate Ls sometimes added to facilitate combustion. 
The excess oxygen is removed by the metallic copper. 

(11) Many analysts use a three-way stopcock betw'een the nitrometer and combus- 
tion tube. The presence of a stopcock at this poiiit is not required and often developa 
leaks. The regulation of the flow of carbon dioxide w'ith the stopcock betw’een the 
combustion tube and the gasometer is much more satisfactory. 

(12) The heating of the sample twice, as advocated by Pn^l and others, has not 
been found neceasary. 

(13) It is best to use tw’o nitrometers so that w'hile one is coming to constant tem- 
perature the other can be used for the next run. 

(14) The rasults of Milner and Sherman and E. P. Clark for the vapor pressure of 
50% pota.saium hydroxide show' that the subtracting of 0.3% of the volume of gas is too 
small. While these re.sults are interesting and should be taken into consideration when 
standardizing a new’ apparatus, it w'ill be found that for ordinary routine work the 
subtracting of a fixed jmreentage w’ill prove more accurate. The blank is essentially a 
constant for a jmrticular apparatus and its method of operation, and thus will vary 
according to the individual operator. The foUow'ing table gives the results of Milner 
and Sherman ® together with those of Clark ^ and those from the international critical 
tables. 

« Ind. and Eng, CKem., Anal. Ed., 0, 303 (1937). 

” Ind. Eng. Chem., Anal, Ed., 8, ^1 (1936). 

« Jr. Assoc. Off. A^c. Chem., 1<5, 575 (1933). 
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Vapor Pressure of Potassium Hydroxide 


Vapor pressure, in mm. of mercury, of solution containing approximately 71.5 grams 
of potassium hydroxide per 100 grams of water 


Temperature ® C. 

Fresh Solution 

Used Solution 

Clark 

I.C.T. 

15 

2.9 

3.5 

5.5 

4.1 

20 

4.3 

5.1 

7.0 

5.6 

25 

6.1 

7.1 

8.9 

7.4 

30 

8.4 

9.6 

11.4 

9.6 

o5 

11.4 

12.9 

14.0 

12.7 


(15) Compounds which cannot be analyzed by the Dumas method even with the 
use of potassium chlorate have been noted by A. Friederich,^ and Milner and Sherman. . 
No general rule so far has been formulated for those compounds which cannot be analyzed 
by the Dumas method but there are relatively few such compounds reported. 

Hay man and Adler ^ report success in the case of certain pyrimidines which gave 
low results by mixing about 5 parts by weight of copper acetate to one part of sample 
and carefully mixing wi^i this about 6-7 grams of fine copper oxide. It was found that 
decomposition was only complete when a very hot flame was used. 

Spies and Harris report a modification of the perchlorate procedure. To overcome 
the objectionable low decomposition point of the perchlorate, it is decomposed after the 
combustion of the organic compound w^hile the site of the unburned residue is heated to 
about 600® C., thereby subjecting the nitrogenous residue to an atmosphere of oxygen 
at high temperature. The potassium chlorate, 100-125 mg. contained in a TOrcelain 
l^at, is placed about 40 mm. from the regular ^ling which contains the sample. A 15 
mm. section of copper is added, separated from the regular 40 mm. section of copper by a 
3 mm. wad of asbestos. The 15 mm. of copper is removed after each analysis. They 
report accurate results for compounds which were derivatives of pyrimidine and pmdne. 

(16) For samples that contain only small amounts of nitrogen, less than 5%, and 
for blank runs, a nitrometer of 0.2 ml. capacity graduated in 0.001 ml. is necessary. 
Such nitrometers must be made to order. 

(17) In routine work the fine copper oxide takes care of the oxidation of the sample 
so that the main filling of coarse copper oxide is but little reduced. Thus only the fine 
copper oxide is rejected after each run. A filling normally lasts for several hundred 

determinations. ^ i 

(18) It sometimes happens that the liquid seeps from the funnel into the upper part 

of the nitrometer, thus pushing the column of gas down and preventing a proper imdmg 
of the volume. This column of liquid may be pushed back by gently opening the stop- 
cock and raising the levelling bulb above the funnel. With a little practice the liqmd 
c«‘in easily be allowed to escape, and when the gas reaches the top of the nitrometer the 
stopcock is quickly closed before any escapes. ^ 

Micro- Dumas Estimation of Nitrogen in Liquids Low m Nitrogen--!*^. uhe 
usual micro Kjeldahl method for estimating nitrogen in small quantities of a liqmd such 
as milk may be satisfactorily replaced by a micro-Duim^ process A small copper boat 
of approximately 0.25 ml. capacity enclosed in a small thin-walled ^^s dish covered 
with a glass plate is accurately weighed, milk added and reweighed. The boat is Pjaced 
in a small vacuum desiccator and kept at 30-35® C. until the water has evaporated, 
boat and its contents are introduced into the combustion tube and covered with tine 
copper oxide, and the combustion conducted in the standard manner. 

“ “ Die Praxis der -Quantitativen Organischen Mikroanalyse Leipzig and Vienna, 
Franz Deuticke, 1933. 

Ind. and Eng. Chem., Anal. Ed., 9, 197 (1937). 

” Ind. and Eng. Chem., Anal, 9, 304 (1937). 

** G. Kraemcr, j. Prakt. Chem., 97, 59 (1918). 
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Nitrogen by Micro-Kjeldahl Method, — There is little that is new in this 
procedure except the method of ammonia distillation.®* The method can be 
used for the determination of nitrogen in organic compounds, soils, leather, 
feeds, fertilizers, etc. A sample, 3-10 mgm., is weighed in a small watch glass 
cut from the end of a test tube and is placed into the digestion flask. These 
micro Kjeldahl flasks are thick walled test tubes with a bulb on the bottom. 
The time of digestion for any substance is not more than 2 hours, and usually 
less. 

Apparatus. — The apparatus illustrated, Fig. 425, is designed to prevent the 
condensation of steam and make it possible to attach to a single rtngstand. 
It is built entirely of pyrex glass, eliminating all rubber connections. The 
steam generator A is made from a 500 ml. Kjeldahl flask sealed to the chamber 
E (5.5 cm. wide and 10 cm. high), with openings near the top of E to allow the 



steam to pass into E, then M to the distilling flask N. The lower bulb N is 
6 cm. in diameter and the total height from lower to top of upper bulb is 22 cm. 
The use of a vacuum jacket around the bulb V and partially covering the upi)er 
bulb is recommended for routine distillation as it eliminates the burner at this 
point. The condenser T is .supplied with running water and burners are placed 
under A and N. The steam generated in A passes to V, liberates and carries 
ammonia and steam through the tube //, and on passing through T is con- 
densed and collected in a 50 ml. graduated flask containing 25 ml. of ammonia- 
free water. The condenser tube is placed below the surface of the liquid and 
25 mi. of distillate are collected. 

The efficiency of the apparatus is shown by an experiment in which a sample 
of ammonium chloride containing 0.070 mg. nitrogen was introduced and the 

** Kemmerer and Hallett, Ind.£k)g. Chem., 19, 1295 (1927). 
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amount recovered was determined by nesslerization. The average deviation 
from theory of five determinations was ±0.001 mg. 

Procedure. — The weighed sample is placed in the flask and the digestion 
mixture added. In general this consists of 1 ml. concentrated sulfuric acid, 
0.5 g. to 1 g. of potassium sulfate and a small crystal of copper sulfate; 3 drops 
of gdcohol may be added to insure complete decomposition, and to continue 
time of digestion. For nitro, azo and similar compounds a mixture of 50-100 
mg. glucose or dextrose, 1 g. potassium sulfate, a small crystal of copper sulfate 
and 3 ml. of concentrated sulfuric acid is used. The digestion is continued 
until thd liquid is perfectly clear after which the distillation is performed as 
described below. 

Ammonia-free water is added to A through the funnel D, and a blank run 
to make sure that the water or apparatus is free from ammonia. The digested 
sample and an excess of potassium hydroxide are added to N through the funnel 
F. Copper sulfate in the digested sample indicates when an excess of alkali 
has been added. 

The apparatus is prepared for the next sample by removing the burners and 
allowing the solution in A" to be drawn into chamber E by the partial vacuum 
caused by the condensation of the steam, A small depression at the bottom 
of flask N facilitates complete removal of the distilled sample. The distillation 
flask is rinsed by pouring water into N through F, and heating A for a minute. 
The apparatus is now ready for a second determination. Five minutes are 
required for a complete distillation. 

An aliquot of the distillate, usually one-half, is diluted to 50 ml. in a Nessler 
tube, nesslerized, and compared with standards treated similarly and at the 
same temperature. 

Results that equal those found by nesslerization are obtained by collecting 
the distillate in an excess of N/lOO sulfuric acid and titrating back with N/lOO 
sodium hydroxide using methyl red as the indicator. If the solution contains 
carbon dioxide, it must be boiled and cooled just before titrating. Where the 
sample contains a large percentage of nitrogen, titration is preferable to nessler- 
ization. 


Note3.-~(1) Lauro suggested the use of selenium as a catalyst in macro Kjeldahl 
digestions in place of copper or mercury. It was claimed ^ that more rapid oxidation 
took place when selenium or selenium oxychloride w’as used, but from later investiga- 
tions « it would seem that in most cases the time of digestion is not cut down to any geat 
extent, ^lenium or selenium oxychloride has a slight advant^e oyer copper sulfate, 
but no advantage over mercuric oxide. A combination of selenium with mercu^ oxide 
is better than any of these catalysts used singly. The proportions used are 100 parts 
sodium Bulfate (Na,SO,7H,q), 7 parts HgO, 1.5 parts selemum. The above work has 
been done wth macro digestions. 


^°Elek and Sobotka, J. Am. Chem. Soc., 48, 501 (1926); also Robert A. Harte, 
Ind. Eng. Chem., Anal. Ed,, 7, 432 (1935). 

« M. F. ^Uuro, Ind. Eng, Chem., Anal. Ed , 3, 401 (1931). 

« Tennant, Harrell, and Stull, Ind. Eng. » 

Rich, Cereal Chemistry, 9, 118 (1932) and R. M. Sandstedt, Cereal Chemistry, 9, 156 
(1932) 

^ “R. A. Osborn and A. J. Kraanitz, .1. Assoc. Official Agr. ^^3); 

Sandstedt, Cereal Chemistry, 9, 118 (1932), and L. V. Taylor, Jr., Ind. Eng. Chem., Anal. 
EJ.. 5, 263 (1933). 
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West and Brandon ** report that rapid oxidation is obtained by the addition of 0.2% 
selenium to the micro Kjeldahi digestion mixture. Unlike mercury it does not have to 
be precipitated before distillation. They give two micro Kjeldahi digestion mixtures. 
For biological fluids, add 1 ml. of selenium oxychloride to 500 ml. of 1 to 1 sulfuric acid* 
usually 1 ml. is added to the sample as the digestion mixture. For oi^nic compounds' 
mix one volume of concentrated sulfuric acid to one volume of a saturated solution uf 
potassium sulfate and add 1 ml. of selenium oxycliloride. Use 1 ml. of this mixture for 
digesting the sample. 

(2) The distilling of ammonia into boric acid and titrating directly with mineral 
acid has been used successfully in several laboratories and was first proposed by Winkler. 
This eliminates one standard solution. The boric acid retains the ammonia but does 
not interfere wth its titration with acid. A definite quantity of boric acidr should be 
used each time because the color of the indicator varies with the concentration of boric 
acid. Stover and Sandin ^ used 4 ml. of a 2% solution which is sufficient to retain 0.1 
to 21,1 mg. of nitrogen. Distillation is continued until a volume of 50 ml. is obtained. 
A freshly distilled sample may be titrated directly, but if CO 2 is present the solution must 
be heat^ to drive off the carbon dioxide and cooled before^ titrating. The following 
indicators may be used: 1, Methyl red (concentration 0.1 gm./lOO ml. in 95% alcohol) 
(use 2 drops). 2. Methyl red and tetrabromphenol blue, made by mixing equal volumes 
of solutions of the separate indicators. Concentration of methyl red is given above, 
Tetrabromphenol blue has a concentration of 0.1 gm. in 20 ml. of w^arm alcohol and 
diluted to 100 ml. The mixture of methyl red and tetrabromphenol blue changes from 
green to a gray color w'hen almost at the end-point, and to pale gray- violet with slightly 
more acid. (Use 2-4 drops.) 


DETERMINATION OF HALOGENS IN ORGANIC COMPOUNDS* 

1. According to Pregl. — The method consists in burning the substance in 
oxygen, passing the products of combustion over red hot platinum contacts and 
then over a glass spiral moistened with a solution of sodium carbonate contain- 
ing sodium bLsulfite. The sodium carbonate .solution absorbs the hydrogen 
halide and the sodium bi.sulfite reduces any halogenate or hypohalogenate to 
sodium halide. Perhydrol is used to oxidize sulfites to sulfates, and silver 
nitrate to precipitate the halogen. 

Fio. 426. 

Apparatus. — A combustion tube, preferably quartz, Fig. 426, 60 cm, in 
leng:th and 7 mm. in diameter, is filled to a length of 20 cm. with a hard glass 

« Ind. Eng. Chem., Anal. Ed., 4, 314 (1932). 

« Z. Angew. Chem., 26, 231 (1913). 

* Ind. Eng. Chem., Anal. Ikl., 3, 240 (1931). 

* For an automatic combustion apparatas, see p. 2473 and ref. 12. For a more 
convenient absorption apparatus for routine work, see L. HaJlett, Ind. Eng. 

Anal. Ed., 10, 111 (1938). 
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spiral. The spirals have a pitch of 5 mm. and through them runs a glass rod 
which is sealed to the spiral at each end. The combustion tube is drawn out 
to a capillary end 1. 5-2.0 cm. in length with an opening of 1 mm. A lai-ge test 
tube about 25 mm. in diameter is carefully cleaned with sulfuric chromic acid 
mixture and water, and charged with a mixture of 2 ml. of pure saturated sodium 
carbonate solution and three drops of sodium bisulfite solution. This solution 


is aspirated into that portion of the combustion tube contain- 
ing the spiral. Then two freshly ignited platinum contacts are 
introduced. If the contacts become ^'poisoned” they are etched 
with hot ^qua regia. These contacts are made of platinum foil 
0.05 mm. thick. , Each contact is 75 mm. in length and is formed 
in the shape of the letter Z, Contacts having greater surface, 
shaped with six fins (Fig. 427) are on the market and are very 
satisfactory, or a 15 cm. roll of 80 mesh platinum gauze may be 
used. The contacts are placed so that they are 8-9 cm. distant 
from the glass spiral. 

Procedure. — 5-8 mg. of the substance to be analyzed are 
weighed in a platinum boat and introduced into the combus- 
tion tube. (When iodine is determined gravimetrically 5-10 
mg. are used.) Oxygen from a cylinder enters the tube at a rate 
of 2 bubbles per second, through a capillary tube inserted in a 
rubber stopper. The platinum contacts are heated to 700- 
750° C. by the furnace A, Fig. 428, and then the material in the 
boat is slowly burned by furnace B, (When iodine is determined 
it sometimes condenses beyond the heated part and must be 
driven by heating into the spiral filled portion.) When the com- 
bustion is finished, both furnaces are opened and the tube re- 
moved to the supports at C and D on the front of the apparatus 
where it is allowed to cool in a current of oxygen. The tube and 



spiral should be washed three times with water free from halogen, 427 ^ 

the total volume of solution being 30 ml. Two more drops 
of bisulfite are added and the solution is filtered to remove any suspended 
matter. In the determination of chlorine and bromine 2 drops of Perliydrol 
are added to the solution, and it is then warmed on the water bath 3-5 mnutes. 
When iodine is present in the solution, heating causes the formation of lodate. 
This is avoided by adding 4-5 drops of ‘‘Perhydrol” and allowing the solution 
to stand at room temperature for ten minutes. After cooling, 1 ml. of con- 
centrated nitric acid is added and double the quantity of silver nitrate necessary 
to precipitate the halide. This solution is heated on the water a 
minutes to coagulate the precipitate, is cooled, and then filtered. T e er 
tube prepared and dried as previously described under general directions, page 
2470, is hung on the balance pan by suspending it on the hook, and weighed. 
The tube is placed in a filtering flask shown in Fig. 409 and the precipitate is 
transferred by means of a syphon tube not more than 4 mm. in diameter. The 
syphon tube is placed just above the precipitate, suction is applied, and ^e 
supernatant liquid filtered off. The precipitate is washed by 
of nitric acid 1 : 100 , then the long arm of the syphon is lowered, f’"®' 

cipitate transferred to the Mter tube by suction. The test tube is rinsed tw , 
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alternately with dilute nitric acid- and alcohol. The syphon is removed, the 
precipitate washed once with alcohol, the tube wiped and dried at 125° C., 
cooled, and weighed. The percentage of halogen present in the sample is 
calculated : 


Weighed Sought Factor 

AgCl Cl 0.2474 

AgBr Br 0.4255 

Agl I 0.5400 



Notes. — (1) When substances contain halogen free from sulfur and other elements 
which combine \^ith metallic silver, the .simple method of Dcnnstedt is often used. 
The combustion tube without a be^ filling is charged first with a platinum boat con- 
taining the weighed sample, then two platinum contacts and finally a boat containing a 
known weight of molecular silver. The contacts are heated to redness and the molecular 
silver to a temperature of 500-600° C. The sample is slowly burned in a current of 
oxygen and the products of combiLstion passed over the platinum contacts, the halogen 
being absorbed by the metallic silver. The percentage of halogen in tne sample is 
calculated from the increase in weight of the boat containing the silver. 

(2) Burning the organic material in a platinum lined micro Parr bomb has been done 
succe^ully.** A stainless steel lx)mb is not satisfactory due to corrosion and subsequent 
erratic results. Beamish in a macro procedure reports that a nickel bomb gives good 

C, Funk and Kon, J. Am. Chem. Soc., 48, 1667 (1926). 

« Elek and HiU, ibid., 55, 2,55(M (1933). 

" Ind. Chem., Ajial. Ed., 6, 352 (1934). 
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results even with prolonged heating mth bromine compounds, but a stainless steel bomb 
gives low results under such conditio^. The explosion mixture consists of 1.5 gm. of 
pure sodium peroxide, 300 mg. of a mixture of potassium nitrate and sugar in a ratio of 
3 : 1. The lid is clamped on, the mixture well shaken, and exploded by heating the 
bomb with a small flame. The fusion is dissolved in 1 ; 1 nitric acid and ffltered, and 
the halogen determined gravimetrically as silver halide. 

(3) Occasionally, a (impound will be found which will give low results by the com- 
bustion method due to incomplete burning. In such a case the micro Carius method 
should be used which is, of course, the same as the macro procedure except for the 
quantities of material used. 

A tube closed at one end 20 cm. long, bore 8 mm., wall 2 mm., is charged with 
approximately 0.5 ml. fuming nitric acid, 15-25 mg. of silver nitrate, and the sample, 
which is contained in a capillary if a liquid, or in a glass capsule, if a solid. The tube 
is sealed, placed in a bomb furnace, and heated at 300° C. for .5-8 hours, cooled (usually 
overnight), and then after carefully breaking the tube, the silver halide is wa^ed on 
to a filter, dried, and weighed. 

The Volumetric Determination of Iodine. — The method ^ described, is both 
rapid and accurate. It is recommended in place of the gravimetric procedure 
for routine work. With samples containing 2-3 mg. iodine, the results vary 
±0,1% from theory. 

Reagents. — N/50 sodium thiosulfate (made by diluting N/10 thiosulfate 
with freshly boiled out distilled water). 

Normal sulfuric acid solution. 

5% solution phenol (quinone-free). 

Saturated bromine water. 

Potassium iodide (iodate-frec). 

Starch indicator solution. 

Methyl orange indicator solution. 

Procedure.— A sample containing 2-3 mg. iodine is burned in oxygen as 
previously described on page 2494 except that no bisulfite is added to the sodium 
carbonate solution. 

After combustion, the sodium carbonate solution containing the absorbed 
iodine is washed into a 125 ml. Erlcnmeyer flask, neutralized (indicator-methyl 
orange) with normal H2SO4 and 0.1 ml. of acid added in excess. The total 
volume of solution should not exceed 50 ml. One ml. of saturated bromine- 
water is added, the solution is shaken and allowed to stand 3 minutes. The 
excess bromine is removed by the addition of 1 ml. of 5% phenol solution. 
After shaking and allowing it to stand for 3-5 minutes, soUd potassium iodide 
(Approx. 0.5 gms.) is added in excess, and the Uberated iodine titrated with 
thiosulfate. The iodine present in the original sample is equal to one-sixth 
of that which is titrated. 

Weight of sample 

ml. of N/50 thiosulfate 

One-sixth 

1 ml. 0.02 N thiosulfate 

Weight iodine in sample 

Percentage of iodine in sample 
“Joseph L, Goldberg, Michrochemie, 14 , 161 (1934), 


9.997 
7.55 
1.258 

2,538 mg. iodine 
1.258 X 2.538 
1.258 X 2.538X100 

9.997 


.31,94 
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Notes. — (1) The volume of excess acid (0.1 ml.) added to the bromine solution 
may be exceeded by 0.1 to 0,2 ml. but more than this is inadvisable. 

(2) The phenol should not be added dropmse but in one portion. The dropwise 
addition of phenol often yields a turbid solution consisting of tri-bromophenol and tri- 
bromophenol bromide. The latter compound liberates iodine from KI and thus high 
results are obtained. 

(3) The distilled water used should be freshly boiled to remove oxygen. 

(4) For micro work, N/lOO thiosulfate is often recommended, but at this dilution 
rapid deterioration of the solution takes place and the time lost in frequent restandard iza- 
tion makes its use in routine work unsatisfactory. N/50 thiosulfate has a constant titer 
for at least one week. For routine work it is best to make up every week the required 
amount of thiosulfate by diluting the N/10 solution. The addition of 1% of amyi 
alcohol helps to prevent the deterioration of thiosulfate solutions.*^ Another method 
used is by adjusting the pH between 9-9.5 by the addition of borax (3.8 gm. per liter af 
thiosulfate solution). It is recommended that one of these two methods be used for 
preserving the N/10 solution. 

Volumetric Determination of Chlorine and Bromine. — A micro Volhard 
method can be used with satisfactory results. 

Solutions. 

0.02 N silver nitrate. 

0.01 N ammonium thiocyanate. 

Indicator — saturated solution of ferric alum. 

Solution of sodium sulfite. 

Concentrated nitric acid (freed from oxides of oxygen by bubbling air 
through the solution). 

Procedure. — The sample containing 1 to 3 mg. of halogen is burned in a 
combustion tube with oxygen, and the halogen absorbed in sodium carbonate 
or alkaline hydroxide as previously described. The combustion products arc 
washed into a 50 ml. centrifuge tube in the case of chlorine and into a 125 ml. 
Erlenmeyer in the case of bromine. The total volume should not exceed 30 
to 40 ml. Three drops of sodium sulfite are added and then nitric acid until 
there is 1 ml. in excess. The presence of sullur dioxide changes any halogcnate 
to halide. The addition of sulfur dioxide is not necessary if the halogens are 
in the halide form. An excess of silver nitrate is now added, usually 3 to 5 ml. 
and in the case of the chloride the precipitated silver chloride is centrifuged off 
and the excess of silver nitrate is titrated with ammonium thiocyanate, using 
1 ml. of indicator solution until a reddish-brown color appears and remains for 
3-5 minutes. 

Notes. — (1) It i.s best to check the end-point by adding another 0.1 ml. of silver 
nitrate and then titrating again to the appearance of the faint red color. 

(2) If the silver chloride is left in the solution, it produces a fading end^int, so it 
mast be removed before titrating. The presence of silver bromide or iodide docs not 
interfere with the titration so they need not be removed. The use of ether, “ nitro- 
benzene,” benzyl alcohol,” toluene,” has been su^ested for titrating without filtering 
off the silver chloride. These organic compounds have the effect of coagulating tne 
silver chloride in lai^e particles so that relatively little surface is exposed to cause fading 

” Mayr and Kerschbaum, Z. anal. Chem., 73, 321 (1928). 

” P. 6. Rethberg, Biochem. J., 20, 483-5 (1926). 

“ Caldwell and Moyer, Ind. Eng. Chem., Anal. Ed., 7, 38-9 (1935). 

” W. Kimur^ J. Son. Chem. Inc., Japan, 37, suppl. binding 590-1 (1934). 

" Vaille and Hauteville, J. Pharm. Cnim., 22, 61-7 (1935). 
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of the end-point. However, it is best to filter or centrifuge off the precipitate for ac- 
curate work. 

(3) The presence of sulfur dioxide in the solution also tends to produce a fading 
end-point and should be removed by heating. 

Titrating Halogens Using Adsorption Indicators. — Chloride, bromide, or 
iodide may be titrated directly with silver nitrate using dichlorofluorescein. 
For micro work the halide solution must be neutral. This may be adjusted 
by adding acid or alkali until the characteristic green fluorescence of the 
indicator appears. Near the end-point a brownish tinge appears; at the end- 
point th^ precipitate assumes a reddish-orange color. As the precipitate is 
very finely divided in dilute solution, the solution itself takes on this color. 

Notes. — (1) The Volhard method for bromide is satisfactory because the precipitate 
of silver bromide need not be removed, and the acid concentration is not critical. When 
titrating, using dichlorofluorescein, the solution must be carefully neutralized; thus, time 
is not saved by using this method for bromine. With chlorine, where centrifuging is 
required, the use of the dichlorofluorescein titration may save some time. However, 
the end-point is not strikingly sharp with 0.01 N silver nitrate. Bullock and Kirk ** 
found the only way to use the method was by adding an equal volume of acetone to 
the solution which sharpened the end-point. They also suggest titrating in a partially 
darkened room by the light of a daylight lamp placed at the side of the observer. A 
black background is preferred to a white one. Back titrating with standard 0.01 N 
chloride is possible so that the end-point may be checked. This procedure is also sug- 
gested for dilute solutions by Kolthoff, Lauer, and Sunde but the reverse titration 
must be made immediately, as the indicator reacts slowly if allowed to stand. The 
correct amount of indicator is 2-4 drops of 0.1% per 50 ml. of solution. If smaller 
volumes are used, it is better to employ a concentration of 0.01%, 2 drims being sufficient 
for 4-5 ml. Under the best conditions, the titration error is 0.5 to 1%. 

Calculation. — Using 0.020 X silver nitrate. 

1.598 Xml. silver nitrate X 100, 

Percentage bronune= wt. of samPi 

0.70914XmI. silver nitrateXlOO. 

Percentage chlorine^ wt. of sample " 


THE MICRODETERMINATION OF PHOSPHORUS 
IN ORGANIC SUBSTANCES 

Preparation of Solutions: “ 1. Sui/a<c-Moii^6</ate Rea?anf.-50 gm of 
ammonium sulfate are dissolved in 500 ml. of nitric acid ^ , 

flask. 150 gm. of powdered ammonium molybdate are treated with 400 mb of 
boiling water in a porcelain dish and stirred until so comp ' . 

solution is rinsed into a-flask with a little water, cooled to the temperature of 

'' Ind. Eng. Chem., Anal. Ed., 7, 178-180 (1935). 

" J. Amer. Chem. ^c., SE 3273 (1929). „ 

“ Neubauer and LOcker, Z. Anal. Chem., 51, 161-17o (1912). 



2500 QUANTITATIVE MICROCHEMICAL ANALYSIS 


the room, and poured in a thin stream with stirring into the nitric acid solution 
of ammonium sulfate. The resultant liquid is diluted to 1 liter, allowed to 
stand for two days, filtered and kept in a well-stoppered bottle of brown glass 
in a dark, cool place. 

2. Nitric Acid Containing Sulfuric Acid. — 30 ml. of sulfuric acid (sp.gr. 
1.84) are poured into 1 liter of nitric acid (sp.gr. 1.19 to 1.21). The latter acid 
is obtained by mixing 357 ml. of nitric acid (sp.gr. 1.40) with 500 ml. of water. 

3. A 2% Aqueous Solution of Pure Ammonium Nitrate. — The solution is 
acidified with a few drops of nitric acid. 

Methods of Oxidizing the Organic Material. — I. According to *H. Lieb: 
The material, 2 to 5 mg., is weighed into a small platinum boat. An excess of 
finely powdered pure calcined sodium carbonate and sodium nitrate mixed in 
equal portions is added, the whole is mixed with a short looped platinum wire 
which is finally laid on the boat, and then carefully covered with the oxidizing 
mixture. The boat is placed in a pyrex combustion tube about 15 cm. long, 
one end of which is drawn out to a capillary and bent upwards at right angles. 
The material is burned in a slow stream of oxygen. As soon as the reaction is 
finished the boat is heated for some minutes to the full temperature of a Bunsen 
burner and is then allowed to cool in a stream of oxygen. The material in the 
boat is then boiled out with dilute nitric acid in a small test tube and poured 
throvigh a filter into a precipitation vessel which consists of a large thick walled 
test tube which has previously been washed in sulfuric-chromic acid mixture. 
If any of the melt has passed into the combustion tube during the reaction this 
is washed out with dilute nitric acid. To the clear filtrate, 2 ml. of nitric acid 
containing sulfuric acid are added, and also water if necessary to dilute the 
total volume to 15 ml. 

II. According to H. Lieb and 0. Wintersteiner:®® The following method 
requires less attention and is simpler than the other, and can be used also to 
determine arsenic as well. It is reliable in most cases.®® The sample, 3-6 mg., 
is digested in a micro Kjeldahl flask with 0.5 ml. of concentrated sulfuric acid 
and 0.5 ml. of perhydrol until fumes of sulfur trioxide are evolved, cooled, a 
few drops of perhydrol added and the evaporation is repeated until a clear 
solution is obtained. To this are added 2 ml. of nitric acid containing sulfuric 
acid, and water if necessary to make a total volume of 15 ml. 

Note. — (1) Elek and Hill ” employ a Parr microbomb using sodium peroxide to 
destroy the org^c matter. 

Treatment with Molybdate of Solution Obtained Above. — According to 
H. Lieb: The liquid, 15 ml,, is warmed on the boiling water bath. The hot 
solution is well shaken, 15 ml. of the sulfate-molybdate reagent added. The 
vessel then is allowed to stand for three minutes, and again shaken for half a 
minute. The precipitate is allowed to settle for 30-60 minutes, and filtered 
with the aid of suction. The filter tube, or filter crucible, is washed with water, 
hot dilute nitric acid, and again with water, finally displacing the water by 
alcohol and ether or by acetone. The filter tube is then wiped with a dry 

” Mlkrochemie, 2, 78 (1924). 

«A. Elek, J. Am. Chem. Soc., 50. 1213 (1928), reports a low result when thymus 
neuclic add was analyzed by this method. 

n J. Am. Chem. &c., 55, 3479 (1933). 
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chainois leather, and left for at least half an hour in an evacuated desiccator — 
containing no drying agent It is removed from the desiccator immediately 
before use, placed on the balance, and the time carefully noted which has 
elapsed between removal from the desiccator and the final weighing, which 
may conveniently be 5 minutes. These conditions must be exactly repeated 
when the precipitate is weighed. 

The precipitate is drawn into the filter tube by means of the same automatic 
arrangement that is used for the silver halide precipitate, page 2470. After the 
supernatant liquid has been syphoned from the precipitate it is washed in the 
test tube* with 2% ammonium nitrate solution, and afterwards transferred to 
the filter; in order to remove the last traces of precipitate from the walls of the 
precipitating vessel, 95% alcohol and ammonium nitrate solution are used 
alternately. The tube is finally filled once with alcohol, and then twice with 
ether or acetone. After drying half an hour in vacuo the tube is weighed 
under exactly the same conditions as those of the initial weighing. The factors 
are: 


Phosphorus pentoxide 0.33260 

Phosphoric acid 0.03326 

Phosphorus 0.014524 


Volumetric Method.*^Instead of weighing the yellow precipitate it may 
be transferred to the original beaker and approximately twice the amount of 
N /50 sodium hydroxide necessary for dissolving the precipitate added, and the 
solution heated to boiling for 5 minutes to drive off the ammonia formed when 
the caustic is added. The volume of solution should be reduced to 15-25 ml. 
To the solution after cooling, 5 drops of phenol phthalein indicator is 

added and 3 to 5 ml. of N/50 hydrochloric acid in excess. The solution is 
boiled for ten to fifteen seconds, cooled and titrated back with N/50 sodium 
hydroxide. From the amount of alkali neutralized, the weight of phosphorus 
can be calculated. According to the equation for the reaction, 28 equivalents 
of alkali are required per atom of phosphorus: 

1 ml. N/50 sodium hydroxide=0.02214 mg. phosphorus. 

Accurate results are obtained with quantities of phosphorus 0.01-10 mg. 

Procedure when Arsenic is Present (Kuhn, loc. cit.). — Phosphorus may be 
determined in material also containing arsenic by the addition to 5 ml. of the 
phosphorus-arsenic solution of 10 ml. concentrated hydrochloric acid, 0.2 g. 
potassium bromide and 0.3 g. hydrazine sulfate and then distilling. The 
phosphorus is then determined nephelometrically or otherwise after previous 
destruction of the excess hydrazine with 0.5-1.0 ml. concentrated nitric acid. 

Colorimetric Determination of Phosphorus and Arsenic. When the amount 
of ammonium phosphomolybdate is so small that it cannot be weighed or 
titrated with accuracy the following Denig^s “ colorimetric method is used. 
If ferric iron is present in concentration greater than 4 to 6 parts per million, 
it interferes with the determination. If phosphorus and arsenic are both 

« Richard Kuhn, Z. Physiol. Chem., 129, 64 (1923); R. H. A. Plimmer, Biochem. J., 

’ “ Den|fe)Spt. rend., 171 , 802 (1920); Troug and Meyer, Ind. Eng. Chem.,' 
Ed., 1, 136 (IBM). 
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present the two are first determined together. In a second sample the arsenic 
is reduced with hydrogen sulfide or a little sodium sulfide in acid solution. 
After boiling to drive off the excess of hydrogen sulfide, free sulfur is removed 
by adding pure filter paper pulp, shaking vigorously and filtering. The color 
due to the phosphorus alone is then developed. By difference the amount of 
arsenic may be obtained. 

Preparation of Reagents: 1. Ammonium Molybdate-Sulfuric Acid Solution. 
— Dissolve 25 grams of ammonium molybdate in 200 ml. of water heated to 
60° C. and filter. Dilute 280 ml. of arsenic and phosphorus-free concentrated 
sulfuric acid to 800 ml. After both solutions have cooled, the ammonium 
molybdate solution is added slowly, with shaking, to the sulfuric acid solution. 
After the combined solution has cooled to room temperature it is diluted with 
water to exactly 1000 ml. This is a 10 N .sulfuric acid solution containing 2.5 
grams of ammonium molybdate per 100 ml, 

2. Stannous Ctdoride Solution, — 25 grams of stannous chloride crystals 
are dissolved in 1000 ml. of hydrochloric acid (sp.gr. 1.05). Filter if necessary. 
The solution should be protected from the air by floating a layer of white mineral 
oil about 5 mm. thick over the surface. 

3. Standard Phosphate Solution, — Dissolve 0.2195 gram of potassium di- 
hydrogen phosphate and dilute to 1000 ml, A stock solution is made by taking 
50 ml. of this and diluting to 500 ml. This stock solution contains 5 p.p.m. 
and is used for making the standard solution for cornpari.son. To make this 
standard solution 5 ml. of the stock solution are taken, diluted to 95 ml. with 
distilled water, 4 ml. of the ammonium molybdate-sulfuric acid solution are 
added and thoroughly mixed by shaking in an Erlenmeyer flask. Six drops of 
stannous chloride are added and shaken. It is diluted to exactly 100 ml., 
shaken, and the solution is then ready for use. It contains 0.25 p.p.m. of 
phosphorus. For very dilute solutions 2 ml. of the stock solution are used, but 
the same amount of reagents, giving a standard which contains 0.1 p.p.m. of 
phosphorus. Alter standing 10 to 12 minutes, the .standard will start to fade, 
and a drop more of stannous chloride should then be added to bring the full 
color back, which will again be permanent for 10 to 12 minutes. 

Procedure, — In the analysis of water, water extracts of soils, minerals, 
fertilizers, etc., it is permissable to add the reagents directly to these unless they 
are colored, turbid, or decidedly acid or alkaline. Turbidity and color should 
be removed by appropriate means. A decidedly acid or alkaline reaction 
should be neutralized before adding the reagents. Organic materials may be 
ignited with magnesium nitrate. In this case it is best to keep the 10 N sulfuric 
acid and 2.5% ammonium molybdate as separate solutions, in order that the 
ignited residue may be dissolved with the sulfuric acid and the ammonium 
molybdate added after proper dilution. In all cases the reagents should be 
present after final dilution, in the proportion of 4 ml, of 10 N sulfuric acid, 4 ml. 
of 2.5% ammonium molybdate, and 6 drops of stannous chloride per 100 ml. 
The reagents should be thoroughly mixed with the test solution before the 
stannous chloride is added, after which thorough mixing should again he 
accomplished. Comparison with the standard should be made within 10 
minutes after adding the stannous chloride. Blank tests should be run. 
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Notes. In work wl^re maximum accuracy is required, the presence of much ferric 
iron will interfere with the results by decreasing the color intensity and giving trouble- 
some greenish tints. By reducing the ferric iron in a Jones reductor, using metallic 
cadmium, these troubles are eliminated. The reduction should be made just previous 
to the addition of the ammonium molybdate. 

Aluminum and manganous salts may be present in considerable quantity without 
influencing the color. Nitrate, as potassium nitrate, equivalent to 100 p.p.m, of nitrogen 
does not affect the color, while 200 p.p.m. reduces the intensity about 10%. Calcium 
oxide or magnesium oxide may be present up to 1000 p.p.m. without influence on the 
color. 


THE MICROANALYTICAL DETERMINATION OF ARSENIC ^ 


The substance is oxidized with sulfuric acid and “Perhydrol” and the 
arsenic precipitated with magnesia mixture. 

Procedure. — 5-10 mgm. of organic substance are placed in a micro-Kjeldahl 
flask with 4-5 drops of dilute sulfuric acid, heated, then cooled, 5 ml. of “Perhyd- 
rol” added, and again heated until fumes of sulfur trioxide are evolved. The 
oxidation is (xmtinued in the same way until after evaporation a clear solution 
is obtained. The solution is transferred to a glass dish of 30 to 40 ml. capacity 
and placed on a water bath, evaporated to dryness, then the residue is dissolved 
in 3 to 4 ml. of ammonia and treated while hot with 1 ml. of magnesia mixture 
(this is prepared by dissolving 5.5 gm. magnesium chloride crystals and 10.5 
gm. ammonium chloride in 100 ml. of water). The magnesium ammonium 
arsenate which is precipitated is allowed to stand for 6 or preferably 12 hours 
at room temperature until it becomes crystalline. 

The precipitate is then filtered through an ignited and weighed micro 
Neubauer or porcelain crucible, and alternately washed with a 3% solution 
of ammonia and alcohol with the aid of gentle suction. The crucible is re- 
moved and ignited. The residue of magnesium pyroarsenate still occludes 
magnesium salts, and must therefore again be washed repeatedly with a very 
dilute solution of ammonium hydroxide. After igniting strongly, the crucible 
is placed on a copper block and may be weighed after 10 minutes. The per- 
centage of arsenic in the sample is calculated. 


Factor 


2As 

Mg2Aso07' 


0.4826. 


A Volumetric Method for the Determination of Arsenic in Organic Sub- 
Stances.— The method*® depends upon the fact that during the destruction 
of the organic substance arsenic is oxidized to arsenate, iodine is i era e 
poUissium iodide which can be titrated with sodium thiosulfate. The method 


« “ Abderhalden Handbuch d. Ihoehemischen Arbeitsmethodem’> ^ ^ 

, “ Wintersteiner and Hannel, Mikrochemie, 4 . 155 (1926) ; also, Beamish and CoUms, 
Ind. Eng. Chem., Anal. Ed., 6, 379 (1934). 
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gives reliable results when halogens are absent in the organic substance and is 
particularly serviceable in elementary organic analysis. With halogens absent 
the average deviation from theory is ±0.2%, when titrating 2 to 4 mg. of 
arsenic. 

Procedure. — 7-12 mg. of substance are boiled with 1 ml. of 30% sulfuric 
acid and a few drops of concentrated nitric acid, more nitric acid is added and 
boiling continued. It is evaporated several times with the addition of a few 
drops of “Perhydrol," the residue is dissolved in 1 ml. of water, evaporated 
until sulfur trioxide is evolved, this process is repeated, then 1 ml. of water is 
added. • 

Beamish and Collins use a nickel microbomb for oxidizing the material. 
It is charged with a sample containing 1.5-3.0 mg. arsenic, 20-25 mg. (approx.) 
sucrose, and 1 gram (approx.) of sodium peroxide. The lid is clamped on, the 
contents thoroughly shaken, and tapped on the table to insure that all material 
is in the bottom of the bomb. Ignite by heating in the tip of a small hot flame 
for 35-40 seconds. Allow the bomb to stand in air for 5 seconds and then cool 
and rinse by immersing in cold distilled water. Remove the lid, wash it off 
into a pyrex tube, 35 mm. diameter and 155 mm. length, then add the cup and 
enough water to cover the cup. Heat to bring about solution of fusion and 
remove the cup with a nickel wire, and rinse thoroughly. The volume of 
solution should be 20-25 ml. and is evaporated to 10 ml., which also removes 
the hydrogen peroxide. 

The procedure is now the same for both methods. To the cold solution 
12 ml. of 12 N freshly boiled hydrochloric acid are added. To the solution at 
room temperature is added 1 ml. of freshly prepared 10% potassium iodide 
solution. Allow to stand for exactly 3 minutes and titrate the liberated iodine 
with 0.01 sodium thiosulfate. Near the end-point add starch indicator and 
titrate to the end-point. The color should not return for at least 5 minutes. 
A blank should be run for the reagent used and subtracted, 

0.01 ml. of 0.01 N thiosulfate equals 0.00375 mg. of arsenic. 

Arsenic in Cadavers. — The above method of 0. Wintersteiner and H. 
Hannel ha.s been modified for arsenic in cadavers,” The whole analysis 
should not take more than one and one-half hours and gives satisfactory results, 
with amounts of arsenic as low as 0.1 mg. 

Procedure. — 2 g. of material are employed and treated as described in the 
original method. The iron invariably present is determined in a portion of the 
solution colori metrically. A correction for the amount of iron is subtracted 
from the titration value. Copper, if present, must be removed by the micro 
electrolytic method before determining the arsenic. 

Note. — The results reported by Wintersteiner and Hannel are 0.02 mg. high when 
using samples containing 0,15-0.75 mg. arsenic trioxide, so that a sam|Me should be 
taken which has an amount of arsenic not below 0.1 mg. and preferably twice this amount. 
This method should be of value because of the time saved in carrying out a determination. 

Gutzeit Method. — Where small amounts of arsenic (0.001 to 0.04 mg.) are 
estimated, the Gutzeit method is recommended. There are a great number 
of tuodificaiions but for routine work, especially for arsenic in organic material, 

^Ssendro and Fleischer, Mikrochemie, Pregl Festachr., 321 (1029). 
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the method developed by C. E. Lachele is recommended as being simple 
and giving reproducible results. It is applicable in the presence of impurities 
such as iron, tin, antimony, or reducible sulfur and in the presence of phosphorus 
compounds. Not over 30 mg. of antimony can be present. With modification, 
it is possible to analyze many products for arsenic using an undigested sample. 

Reagents: Hydrochloric Acid* — Make up 50 ml. of 35% arsenic-free hydro- 
chloric acid to 100 ml. with water. 

Stannous Chloride Solution. — Dissolve 40 grams of arsenic-free SnCl2-H20 
in concentrated hydrochloric acid and make up to 100 ml. with the same strength 
acid. 

Mercuric Bromide Paper. — Carefully select filter sheets, similar to S and 
S No. 589 black ribbon paper, for weight and texture, and soak one hour in a 
saturated alcoholic solution of mercuric bromide. After sensitizing, remove 
sheets and dry by means of an air blast, and cut in disks of the same diameter 
as the diaphragm tube. Avoid touching the sensitized disks with the hands 
as far as possible. Disks should not be used when more than 5 or 6 days old. 

arsenic-free zinc in pieces about 1 cm. in length (approximately 
5 grams). Activate the pieces by covering with hydrochloric acid (1:3) con- 
taining about 2 ml. of special stannous chloride solution for each 100 ml. of 
acid. Allow the action to continue for 15 minutes and wash well with distilled 

water. . • tj . 

Potassium Iodide Solution. — Dissolve 15 grams of potassium iodide in 

water and dilute to 100 ml. 

Ferrous Ammonium Sulfate. — Use this substance or ferrous sulfate crystals 
free from arsenic. 

Cuprous Chloride Solution.— 15 grams of cuprous chloride in 
100 ml. of 1 to 1 hydrochloric acid. 

Codmium Iodide Solution.— Dissolve 15 grams of cuprous chloride in 
100 ml. of 1 to 1 hydrochloric acid. ^ 

Standard Arsenic Solution.— Dissolve 1 gram of arsenic trioxide m 25 ml. 
of 20% sodium hydroxide. Saturate the solution with carbon dioxide and 
dilute to 1 liter with recently boiled water. One ml. of this solution contains 1 
mg. of arsenic trioxide. Dilute 40 ml. of this solution to 1 liter, diluting 50 ml. 
of the resulting solution to 1 liter. One ml. of this latter solution contains 
0.002 mg. of arsenic trioxide and is used to prepare standard stains. Prepare 
fresh dilute solutions at frequent intervals. 

Apparatus and Procedure.— Use an Erlenmeyer flask connected by a two- 
hole stopper to a Liebig or Allihn condenser. A gas such as nitrogen or hydro- 
gen is introduced through a tube extending below the surface of the contents 
of the flask. The upper end of the condenser is packed with absorbent cotton, 
the lower half of- which is saturated with the cuprous chloride solution w^ch 
acts as a scrubber to remove impurities, such as phosphine, stibine, and hydro- 
gen sulfide, from the evolved arsine. A chamber having a diameter that will 
accommodate a sensitized diaphragm of a size sufficien o coin me wi 
arsine is fitted to the condenser. The chamber consists two thick-wal ed 
tubes of the same diameter, with ground-glass joints held together by an outside 

" Ind. Eng. Chem., Anal. Ed., 6, 256 (1934). 
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sleeve of Gooch rubber tubing. The impregnated paper is fitted between the 
two ground joints as pictured in Fig. 429. 

An aliquot obtained from a sample digested with sulfuric and nitric acid 
in the usual manner (or the entire digestion in case of small amounts) is placed 
in a 1000 ml. Erlenmeyer flask with enough distilled water to make about 

200 ml, of solution. Then 2 to 3 grams 
of solid ferrous ammonium sulfate or 
ferrous sulfate, 10 to 15 drops of stannous 
chloride solution and 50 ml. of 1 to 1 
hydrochloric acid are added. Vust be- 
fore connecting to the condenser, intro- 
duce two or three pieces of activated 
zinc. A continual stream of nitrogen is 
' kept flowing through the system to carry 

Hydrogen ^11 traces of evolved arsine through the 
Supply scrubber cotton to the paper diaphragm 
impregnated with mercuric bromide. 
The contents of the flask are boiled until 
ail the arsine is evolved, which usually 
requires about 15 minutes. When the 
reaction is complete, the disk is removed 
and developed in cadmium iodide solu- 
tion. This fixes the stain more per- 
manently to light and water than does 
potassium iodide and changes the color 
from yellow to brown. The disk is 
allowed to remain in the iodide solution 
until all traces of red mercuric iodide, which immediately forms, have been 
dissolved. After prolonged use, the cadmium iodide solution turns yellow 
from the accumulation of complex cadmiuir, mercuric iodides and should be 
replaced by fresh reagent. The excess reagent is removed from the disk by a 
water wash followed by a rinse with alcohol, and the disk is then dried between 
blotters. When dry, the stains are compared with standards. The .standards 
are prepared in a similar manner to the unknowns in steps of 0.0025 mg. of 
arsenic trioxide, keeping them free from excess light exposure. The stains 
have a tendency to bleach slightly with age, and it is desirable to prepare fresh 
standards frequently, especially in the approximate range of the unknown. 

With some modifications, the method is applicable to the undigested mate- 
rial, thus shortening the total time of an arsenic determination to 15 to 30 
minutes and eliminating the costly procedure of digestion with nitric and sul- 
furic acids. 

From 5 to 100 grams of the undigested sample may be placed directly in the 
1000 ml. Erlenmeyer flask together with 100 ml. of 1 to 1 hydrochloric acid, 
1 to 2 ml. of stannous chloride solution, 15 ml. of potassium iodide solution, 
and 1 to 2 grams of solid ferrous sulfate. The activated zinc (3 or 4 pieces) is 
added, and the flask immediately connected to the condenser unit. The 
reaction is u.sually complete after 15 minutes of boiling, except that, when using 
large amounts of sample, a somewhat longer time may be necessary to evolve 
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all the arsine. The scrubber cotton should be saturated with a 15% solution 
of cuprous chloride in 1 to 1 hydrochloric acid to remove hydrogen sulfide, 
phosphine, and stibine, if present. In case these gases have not been effi- 
ciently removed, the yellow stain imparted to the disk is not changed to brown 
when immersed in the cadmium iodide solution. When using large samples of 
gome products that contain considerable reducible sulfur or phosphorus com- 
pounds, the scrubber cotton may not remove all impurities, and a preliminary 
treatment is necessary. The sample is heated a short time with an alkaline 
solution, after which it is slightly acidified with hydrochloric acid and the excess 
sulfide t^moved by boiling. The remaining sulfur and reduced phosphorus 
compounds are oxidized with bromine water, and then the bromine is removed 
by boiling before adding the sample to the reaction flask. 


THE MICRODETERMINATION OF ORGANIC SULFUR 

The material is burned in oxygen, the oxides of sulfur absorbed in “Per- 
hydrol/' and the sulfur precipitated as barium sulfate. 

Apparatus. — The same apparatus is used as was described for the halogen 

determination. . i ^ v ■ £n j 

Procedure. — The procedure is the same except that the spiral tube is nlled 
with “Perhydrol,’’ which has been diluted five times its volume with water. 
A 5-6 mg sample is weighed and placed in the combustion tube, and the mate- 
rial slowly burned while the oxygen flows at the rate of 2 to 3 bubbles in 2 
seconds. After combustion, the spiral filling is rinsed with 30 ml of water into 
a pyrex beaker of 50 ml. capacity. One ml. freshly prepared 10% barium 
chloride solution added and 5 to 10 drops dilute hydrochloric acid. The dish is 
covered with a watch glass, evaporated to 5-10 ml. on a water bath, cooled, 
and the barium sulfate allowed to precipitate and settle for at least one hour 
preferably overnight. The precipitate ia transferred to 
Ld weigLd micro porcelain filter crucible (or filter 

gentle suction applied and alternately washed wit 1 a CO o an ™„sjjed 

H used for the final washing. The precipitate is ignited, cooled again washed 
and one drop of dilute sulfuric acid added, and washed three times mt p 
water. It is again ignited, cooled on a copper block, an weig ' j 

Determination of Sulfur by Fusion.-A modification of the macro method 
employing potassium nitrate as the oxidizing agent is use . 

A fusion nii.xture which can be kept indefinitely is 
parts by weight of sodium carbonate with three parts of potassium nitrate 

and grinding to a fine powder. 

“ Where more than 30 mg. of antimony a"? suTOlemenUhe Stton scrubber, 

taming 100 ml. of special cuprous chloride solution^ould suppiemem, 

••Harold EmeSm, J. Am. Chem. Soc., 52, 1291-2 (1930J. 
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Procedure. — A finely powdered sample containing approximately 0.5 mg. 
of sulfur is weighed and mixed with 100 times its weight of the fusion mixture 
in a 20 ml, nickel crucible. A thin layer of the mixture is sprinkled on the top 
to prevent escape of sulfur fumes. A cover is placed on the crucible and it is 
set in a porcelain crucible of convenient size. Low heat with a Bunsen burner 
is applied for 10 minutes and full heat for 15 minutes. The contents of the 
crucible are cooled and dissolved in 5 ml. of warm water, filtered, the crucible 
and filter washed with 10 ml. of water and the sulfur precipitated with a 10% 
barium chloride solution as previously described on p. 2507, 

1 

Notes. — (1) Elek and Hill use a micro Parr bomb and use an explosion mixture 
as given on page 2496 note 2 for the determination of halogens. The fusion mixture ia 
dissolved in 15 ml. of hot water. When cold 5 ml. concentrated hydrochloric acid are 
added to the solution. It is then filtered and the sulfur precipitated as barium sulfate in 
the usual manner. 

(2) For routine work evaporation to 10-20 ml, is sufficient, and double ignition and 
treatment with sulfuric acid is not required. 

(3) Funk and Kon ” suggest using a 1% solution of barium chloride for precipitating 
the sulfur as barium sulfate in order to cut doiftm occlusion, noted by Pregl in his method. 
This eliminates igniting the precipitate twice. They also describe a modification by 
which the determination of sulfur and halogen can be effected on a single sample of the 
substance. 

The procedure in this case is somewhat modified. The halogen is absorbed in alka- 
line fora^dehyde solution instead of sodium bisulfite. After the combustion is com- 
pleted, the tube is washed out as usual, the solution acidified with acetic acid and the 
formaldehyde oxidized with “Perhydrol" by heating the mixture on a water bath. 
After the reaction is completed, the sulfuric acid formed is precipitated with a 1% barium 
acetate solution. The precipitation is completed by heating and the barium sulfate 
transferred to, ignited in, and weighed in a Neubauer or porcelain filter crucible; the 
test tube is washed out three or four times and the filtrate then removed and the silver 
chloride precipitated with silver nitrate as before. 

(4) By adding picric acid ^ the particle size is increased and filtering can take 
place Immediately, so that no time is lost in digestion and standing in order to complete 
precipitation- About 0.4 ml. of a saturated solution of picric acid is added per 15 ml. 
of solution. The solution is heated to near boiling, the picric acid added, then the 
barium chloride. After waiting a few minutes for the solution to cool, it is filtered and 
the predmtate ignited. 

(5) Where the highest accuracy is not r^uired, the barium sulfate, when picric acid 
is not used, can be dried at 150® C. and weighed. Some occlusion of mother liquor, of 
course, is present, and the results will tend to be high. With 2 mg, barium sulfate it is 
about 0.01 to O.CG mg. high, when no other interfering elements are pr^nt except the 
original barium chloride. Those w'ho wish to eliminate ignition must determine their 
error under the conditions with which they are working. It often happens that the 
accuracy is sufficient for the problem in question and the ignition is eliminated. The 
use of picric acid causes considerable occlusion so that ignition of the precipitate is 
required. 

(6) Crucibles must be dried in an air oven at 120® C. before ignition, because spat- 
tering of the precipitate and cracking of the crucibles often results, if they are placed 
directly into the muffle. 

Volumetric Determination of Sulfur.— In the absence of nitrogen or halogen 
in the original substance, the sulfuric acid instead of being precipitated as 
barium sulfate, is titrated with N/lOO sodium hydroxide, using methyl red as an 
indicator. 

« J. Am. Chem. Soc., 55, 3479 (1933). 

« J. Am. Chem. Soc., 48, 1667 (1926), 

^See Herbert Lindsly, Ind. Eng. Chem., Anal. Ed., 8, 176-8 (1036). 
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If the “ PerhydroP’ used is not neutral it must be neutralized with sodium 
hydroxide using methyl red as the indicator. 

The ter Meulen, Hydrogenation Method (Volumetric).— The method 
consists in burning the sample in hydrogen and absorbing the hydrogen sulfide 
which is formed in a solution of sodium hydroxide. 

An acidified standardized solution of iodine is added 
and the iodine remaining after the reaction with the 
liberated hydrogen sulfide is titrated with thiosul- 
fate. The method has not been used by a sufficient 
number »f investigators to evaluate it as a standard 
procedure. It is, therefore, described here in order 
to bring it to the attention of those who may wish 
to try out the method. From the published results 
and the author's experience with a limited number 
of compounds, it seems to offer a simple rapid volu- 
metric method where a high degree of accuracy is not 
required. Other microvolumetric procedures for 
sulfur which have been published have not proven 
satisfactory. Where a high degree of accuracy is 
required, the gravimetric procedure of weighing the 
sulfur as barium sulfate must be employed. 

Results by the ter Meulen method usually vary 
±0.2% from theory when using samples of organic 
material containing 1-3 mg. of sulfur. 

Solutions. 

0.02 N Iodine. 

0.02 N Thiosulfate. 

0.2 N Hydrochloric Acid (approximately). 

Starch Indicator Solution. 

0.05 N Sodium Hydroxide Solution (approximately). 

Apparatus. — A glass or preferably silica com- 
bustion tube, such as is used for carbon and 
hydrogen, is filled for a distance of 10 cm. with 5% 
platinized asbestos. A simple gas absorption bulb 
for the hydrogen sulfide, Fig. 430, and a purifying 
train for the hydrogen, complete the setup. The 
hydrogen may be generated from hydrochloric acid 
and zinc or be taken from a cylinder. 

Procedure. — A boat with a sample containing 
1-3 mg. of sulfur is placed in the combustion tube. 

The platinum catalyst is heated to 700-750° C. 

The air in the combustion tube is swept out with 
hydrogen. The hydrogen passes through the tube Pjq, 430. 

during the actual combustion at the rate of 500 ml. 

in 30 minutes. The sample is slowly burned by moving the furnace orhurneT 
over the sample. The total time of burning should take 20 minutes. The tube 

;>H. ter Meulen, Rec. trav. chim «, 112 (1922h Chem.J^kblad, 23, 348 (1926), 
19 (1930) and Goswami and Sarkar, J. Ind. Chem. Soc., 10, 611 (1933). 



2510 QUANTITATIVE MICROCHEMICAL ANALYSIS 


is then swept out for another 25 minutes while the boat is kept at red heat (700~ 
750® C.). The hydrogen sulfide is absorbed in 4 ml. of sodium hydroxide and 
at the completion of the run, this is washed with boiled water into a 125 ml! 
Erlenmeyer flask containing 6-7 ml. of iodine and 4 ml. of hydrochloric acid 
and diluted with 10 ml. of water. The total volume of the solution should not 
be over 30 to 40 ml. The excess iodine is titrated with 0.02 N thiosulfate and 
the percentage of sulfur is calculated. 

1 ml. of 0.02 N iodine= 0.3206 mg. sulfur. 

The iodine solution is standardized against the thiosulfate. 

Notes. — (1) The sulfur in most organic compounds is quantitatively reduced to 
hydrogen sulfide with platinized asbestos, but occasionally some, according to ter Meulen 
require a catalyst of platinum foil or a 6 inch roll of 80 mesh platinum gauze for rapid 
conversion. If platinized asbestos is used with such compounds, the sample must be 
burned very slowly and \>ith extreme care.’’^'* If metallic platinum is used, the presence 
of nitrogen in the sample causes the formation of hydrogen cyanide which acts the same as 
hydrogen sulfide thus giving high results. In order, therefore, to prevent the absorption 
of hydrogen cyanide, a solution of dilute zinc sulfate, approximately 0.05 N, to which is 
added sodium acetate, approximately 0.05 N, and a drop of acetic acid must be used. 
As before, iodine together with dilute hydrochloric acid, is added, and when all the zinc 
sulfide has disappjeared, the excess iodine is titrated with thiosulfate. 

(2) ter Meulen also states that platinum black (prepared by reducing at a low tem- 
perature ammonium chloroplatinate with hydrogen) must be mixed with petroleum in 
order to get complete conversion of sulfur to hydrogen sulfide. This catalyst must be 
freshly prepared, as heating in air causes a diminishing of its activity. 

(3) When a zinc sulfate solution is used and zinc sulfide is precipitated, the spiral 
type of absorber shown in Fig. 430 cannot be used because of the difficulty in washing 
out the precipitate. In such a case it is best to omit the spiral and make the bore of the 
stopcock at the bottom sufficiently large, so that the precipitate can be easily rinsed out 
The Pregl type of absorption tube used with the methoxyl ethoxy apparatus, Fig. 438, is 
also satisfactory. 

(4) After 5-fl runs, oxygen must be passed through the tube in order to bum out 
the organic matter and regenerate the catalyst. To prevent the danger of an explosion, 
carbon dioxide should be passed through first to sweep out the hydrogen. 


MICROELECTROANALYSIS 

The Microelectrolytic Cell of Clarke and Hermance.’“ — A cell for micro 
electroanalysis has recently been constructed which permits more effective 
agitation of the solution during electrolysis than can be accomplished by the 
Pregl method of boiling, or allowing the solution to cool during tlje period of 
electrolysis. The cell is con.structed so that the solution is agitated by a jet of 
air and the solution maintained at a suitable temperature by a water jacket 
heated with a micro burner. While the cell is more difficult to construct than 

Rec. Trav. Chim., 53, 121 (1934). 

» J. Am. Chem. Soc., 54, 877 (1932). 
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that of Pregl, it yields accurate results even when the deposit on the electrode 
weighs 1 mg. The average results reported are 0.1% higher than theory. The 
individual determinations had an average deviation of ±0.2-0.3% from the 
amount recovered. 

Apparatus. — The large outer vessel (Fig. 431) sealed to the electrode com- 
partment at its base is a water-jacket which can be heated by a micro-flame. 
Figure 432-1 shows the glass frame which in the assembled cell fits inside the 
electrode vessel and serves to support both the electrodes and pumping device. 



Fig. 431. 


Its lower end la flared to form a conical bell having a diameter about ^ 
than that of the container. While the the Za waU 

together, they cannot make contact or become fou e J electrolyte, 

of the container. The support permits a S is 

This circulation is accomplished by the tube s ^ jg 

held erect in the axis of the cell. A stream of bubbles of a.r or^mert^ gas la 

introduced by means of this tube into the space un sunnorts the inner 

continuous overflow of liquid over the top of the tube A that supports the 
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electrode. At the same time, the suction caused by the removal of the liquid 
from under the bell further assists circulation in this direction by drawing upon 
that portion of the electrolyte in the space between the outer electrode and the 
wall of the containing vessel. A rapid agitation is thus maintained whereby 
the whole of the electrolyte is forced through the inter-electrode space several 
times a minute. 

“The electrodes are two platinum gauze cylinders 15 mm. high, the one 
having an inside diameter of 9 mm., the other 18 mm., weighing 0.8 g., and 
1.5 g., respectively.” 



Fia. 432. 


Procedure. — The electrodes are cleaned with hot concentrated nitric acid, 
rinsed with distilled water, dried by heating to dull redness over the Bunsen 
flame, then cooled and weighed. The electrodes are assembled (Fig. 432-1) 
and the unit lowered into the cell vessel containing the solution to be elec- 
trolyzed, the volume of which (about 5 ml.) is then so adjusted that its level 
coincides with the upper end of the tube A in Fig. 432-1. The air tube is now 
introduced as indicated, and air admitted at such a rate that the liquid may be 
seen to flow regularly over the top of the tube A. The electrical connections 
are made and the electrolysis begins. The deposition is completed when the 
current falls to a negligible value. The re-solution of the deposit is overcome 
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by washing and withdrawing the electrodes without interrupting the current. 
The electrolyte is drained from the cell by opening the stopcock at the bottom 
and at the same time distilled water is admitted at the top of the cell. 

If the electrolyzed solution is to be used for the determination of other 
constituents, excessive dilution with wash water is objectionable and the device 
shown in Fig. 432-III is used, which minimizes the quantity of wash water when 
only the inner electrode is to be weighed. 

At the completion of the electrolysis, the air tube is withdrawn and this 
perforated tube is inserted in the tube A (Fig. 432-1) and connected to a 
reservoir*Containing distilled water. The cell is slowly drained as before, and 
wash water admitted through the tube at the same rate. At the same time 
and without interrupting the current, the electrode is drawn up over the tube A 
until it occupies a position level with the perforations on the washing tube. The 
electrode held in this position is withdrawn together with the washing tube 
from the electrolyte. At the time it is pulled through the liquid surface it is 
surrounded by nearly pure wash water. If the holes in the washing tube are 
sufficiently fine and the operations executed rapidly and skillfully the electro- 
lyte suffers a minimum amount of dilution. After removal from the cell the 
deposit is further washed with water, alcohol and ether, and then dried in an 
oven at a temperature of 90° C. unless different directions are given. The 
electrode is protected from dust while cooling, and is finally weighed, 

Determinatioii of Metals Using the Cell of Claike and Hermance: Dcfcr- 
mination of Nickel— To a 5 ml. solution containing 1 mg. of nickel 0.2 g. 
ammonium sulfate and 1.7 ml. concentrated ammonia solution are added. 
The air used for stirring is passed through a concentrated ammonia solution, 
which serves to prevent loss of ammonia from the electrolyte. The conditions 
for deposition are: e.m.f. 2.4-2.5 volts (60-70 MilUamperes) ; temperature 

60° C.; time 15 to 20 minutes. . r j • j 

Determination of Zinc,— 'The deposition is made from a potassium hydroxide 
solution. The deposit assumes a granular form if the temperature is too h^h, 
the alkali content too low, or if hydrogen is evolved at the cathode. The 
conditions which must be rigidly maintained are: potassium hydr^ide con- 
centration 10%; e.m.f. 3 volts (150 MilUamperes); temperature 25 C.; time 
15 minutes. 


NoTE3.-The cathodic evolution of hydrogen is prevented by giving «ie platinum 
gauze a thin preliminary coat of copper. Since the zinc deposit is A efo™ 

caustic solution, special care must be taken to wash out all traces of electrolyte before 
interrupting the current. 

Determination of Tin— As recommended by A. Fischer ^ the electrode is 
first prepared by depositing a thin coat of copper, followed by one of tin from 
an oxalate solution. The electrolyte consists of ammonium monosulfide solu- 
tion containing sodium sulfite. The best conditions for e miTuiteV 

1.2 volts (1200 MilUamperes); temperature 60 C.; time 20 ' 

After electrolysis the electrode is washed with water, alcohol, carbon bisulfide, 
alcohol, and ether, in the order given. 

NoTKa.— The copper plate shodd add. 

metal, plated from mlute nitric and solution containing 

Z, anoi^. Chem., 42, 367 (1904). 
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should contain 2% sulfuric acid and 1% nitric acid. Temperature 70-75"’ C.; e.m f 
3.0 volts; time to deposit 1 mg. about 20 minutes. 

The thin plate of tin is next deposited. The electrolyte consists of 5 ml, of a solution 
made up to contain 3.6 gm. of ammonium oxalate, 3.6 gms. of oxalic acid and 100 mg 
of tin as stannous chloride, in 100 ml. of water. The solution is electrolyzed at ari 
e.m.f. of 3.0-^.8 volts; temperature 25® C. The electrolysis is continued until a bright 
coating of tin is obtained over the copper. The electrode is then removed, washed with 
water, acetone, dried at 70-80® C. and weighed. 

In the determination of the unhno\vTi the tin is dissolved in hydrocliloric acid, the 
solution evaporated to remove the excess acid, and the moist residue redissolved in 1 ml. 
of water. Four ml. of the ammonium, monosulfide solution are then added, and the 
electrolysis carried out. The monosulfide solution is prepared as follows: Concentrated 
aqueous ammonia is saturated mth hydrogen sulfide gas, followed by the addition of an 
equal volume of ammonia. Sixteen ml. of the resulting solution are diluted to ml., 
and 8 gms. of sodium sulfite added. The solution should ^ways be fresUy prepared. ' 

The Determination of Traces of Metal Impurities by the Method of Clarke 
and Hermance. — It often happens that* the volume of a solution is large, 
relative to the metal concentration and cannot be reduced owing to high salt 
concentration. The apparatus described below may be used to effect a separa- 
tion of the trace of metal present in the large volume, and the deposit, if 




contaminated with other material, is redissoivcd and the final quantitative 
determination carried out in the small micro cell previously described. 

The apparatus,’^ consists of a combination of air lift and micro electroly^^is 
” Clarke and Hermance, Mikrochemie, 20, 126-8 (1936). 
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chamber constructed in a single assembly. This may be used in beakers, tanks, 
or vessels of almost any description regardless of size, provided there is a 
sufficient depth of liquid to accommodate the pump tube. The liquid con- 
tinuously raised to a height several cm. above the level of that in the container, 
flows from a small reservoir into the cell containing the electrode assembly. 
In this chamber a platinum gauze electrode cylinder rests directly above the 
inlet tube and is held in position by four glass prongs, spaced at equal intervals 
around it. A solid glass ball is placed in the upper open end of this electrode 
to divert the inflowing liquid through its meshes. The outer electrode, also 
cylindrical, is held concentrically about the inner one by the 4 prongs over 
which it is slipped into position. The liquid flows out through small holes in 
the cell wall near the top. By having the electrolysis chamber independent of 
the air pump and the containing chamber, the electrode assembly is readily 
accessible for adjustment, observation, or removal of either electrode. Wash- 
ing is effectively carried out by simply stopping the pump and flushing out the 
chamber with a stream of water introduced below the electrode level, from a 
suitable nozzle. With this apparatus, 0.1 mg. of copper was quantitatively 
recovered from a volume of 20,000 ml. This solution was 0.1 molar sodium 
sulfate and 0.1 M sulfifric acid. 

Determination of Traces of Zinc in Aluminum Solutions, — To 250 ml. of 
solution is added enough potassium hydroxide to redissolve the aluminum and 
furnish 5% in excess. The solution is electrolyzed for four hours at room 
temperature, at 3.5 volts. If iron is present, it will deposit with the zinc. 
The impure deposit is redissolved and the iron precipitated as the hydroxide 
between pH 4 and 5. The zinc is then replated from the filtrate on a coppered 
electrode using the small cell. 

Determination of Lead in the Presence of Zinc. — To 250 ml. of solution 
2% of nitric acid, and 25 mg. of copper sulfate are added. The latter functions 
as a depolarizer which increases the hydrogen overvoltage and prevents cathodic 
reduction of the quadrivalent lead. The conditions for electrolysis are: e.m.f. 
2.8 volts; temperature 60“70° C.; time 3 hours. The final determination of 
the plated lead is made volumetrically as recommended by Lucas and Grassner.^* 
The deposited lead is brought into solution with 1 ml, of 10% potassium iodide 
solution and a drop of concentrated acetic acid. Several crystals of sodium 
acetate are then added and the solution rinsed into a small flask with a stopper. 
The iodine that is liberated is titrated with 0,001 N sodium thiosulfate solution 
(titrate back with N/1000 iodine solution). A micro burette of 2 ml. capacity 
graduated in 0.01 ml. is used. 0.100 ml. N/1000 sodium thiosulfate solution 
corresponds to 10.36 gamma lead (0,01036 mg.). 


Note8.-(1) Weighing amounts of lead low ^ 0.5 mg, directly as l^d ffioxide may 
be .accomplished with the following procedure:'® The electrodes ^ ^ f 

platinum foil, 0.09 mm. in thickness, to which platinum we 

rugated and etched with aqua regia. The lead is deposfl^ Xs^oluto 

tions: Two drops of sulfuric acid, 4.5 ml. of 15-20% nitnc 
temperature of 85-90" C., electrolysis at 5.o amperes per 

The above authors found that even when using ^^rge electrodes (8 75 
coating with about 0.05 gm. of lead dioxide, they could successfully determine small 

Mikrochemie, Emieh Festschr.,'' p. 199 (1930). tTti5v nf Missouri 

Day, Delano and Schrenk, School of Mines and Metallurgy, Umv. of Missouri 

bull, 12, No. 2, pages 37-41 (1935). 
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amounts of lead. Conditions are as follows: 25 ml. of free nitric acid, 0.25 ml. of sulfuric 
acid in 140 ml. of solution. This was heated up to 86-90® C. and electrolyz^ at 5.5 
amperes per square decimeter for 2 hours. The difference in weight before and after 
electrolysis is the weight of the new deposit. 0.0010 mg. of lead dioxide was determined 
with a maximum deviation of 0.0001 mg. Another method which was successfully used 
was adding known amounts of lead dioxide to the unknown sample; for example, 10 mg.’ 
which amount can then be accurately determined. The amount of lead ^oxide over 
that added, gives the amount present in the sample. 

A. J. Lindsey deposits from a solution containing not over 6 mg. of lead using 2 ml, 
concentrated nitric acid and total volume of solution of 12 ml. The solution is heated 
nearly to boiling and stirred with a gas stream of nitrogen. It is electrolyzed at 1.0 volt 
(current 120-200 milliamperes) for 7 minutes. The sides of the ceil are washed down 
and electrolysis is continued for 3 minutes. 

Determination of Traces of Copper in Nickel Solutions . — To 250 ml. of 
solution containing 1% nitric acid and 2% sulfuric acid, a potential of 3 volts is 
applied for 4 hours with the solution at a temperature of 60°-70'’ C. The 
copper plate is dissolved and redeposited in the small cell and weighed. 

Notes. — Okac ® has also improved the Pregl cell along the same lines as have Clarke 
and Hermance. ^ Carbon dioxide is passed into the solution through an anode tube 
during electrolysis and after deposition is completed, the cathode is washed by admitting 
water through the same tube. 

The electrolyte for all depositions is an ammonium hydroxide solution with a volume 
of 5-6 ml. containing 0.5-1. 5 ml. of concentrated ammonia. The electrolysis takes place 
at room temperature. The results reported have an average deviation from theory of 
=^0.01 mg. when the amount of metal deposited is 0.5 to 5 mg., w hich is not equ^ to the 
accuracy when using the other procedures described. The method is illustrated by the 
following two determinations: 

Cadmium. — Six ml. of a cadmium sulfate solution 
containing 1 to 3 mg. of cadmium and 1,5 ml. concen- 
trated ammonia are electrolyzed. Conditions for elec- 
trolysis are: volts 3; Milliamperes 20-30 (0.1-0.15 
Amp./q.d.m.); time 10 minutes; temperature 20® C. 

Mercury . — Six ml, of a solution containing 0.5 to 15 
mg. of mercury as the nitrate or chloride, and 1 ml, of 
concentrated ammonia are electrolyzed. A platinum 
gauze cathode is used. Conditions for electrolysis are: 
volts 2.4-2.5; Milliamperes 20-100 (0. 1-0.5 Amp./ 
q.d.m.); time 10 minutes; temperature 20® C. The 
cathode is washed with water, alcohol, and ether, and 
dried over calcium chloride for one hour. 

The Pregl Cell . — This cell is readily constructed 
from materials in the laboratory and for those who 
only occasionally need an electrolytic cell, it is adequate. 
Typical determinations using this cell are given, but of 
course the methods may be used also with the Clarke 
and Hermance apparatus and vice versa. 

A general view of the apparatus Is shown 'in Fig. 434. 
The platinum gauze cathode, Fig. 435, is 10 mm. in 
diameter and 30 mm in length, with a stout platinum 
wke 100 mm. in length welded to it. Three small glass beads are sealed to 

" Analyst, 60, 744-6 (1935). 

« Z. Anal. Chem., 88, 108, 189, 431 (1932); 89, 106 (1932). 



Fig. 434. 
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the upper and three^to the lower edge of the gauze to prevent contact with the 
sides of the cell during withdrawal. 

The anode is a platinum wire 130 mm. in length (Fig. 435), to which two 
glass extensions are sealed so that it may be more easily kept in the center of 
the cell. 

The cell consists of a test tube, 16 mm. in diameter, and 105 mm. in length. 
The terminals of the electrodes are bent 
so as to make contact by dipping into 
mercury (Fig. 434). 

Procedure. — The gauze cathode is suc- 
cessively dipped into hot concentrated 
nitric acid, water, alcohol, and ether, then 
dried over the Bunsen flame or in an elec- 
tric oven, cooled, and weighed. 

Determination of Metals Using the 
Pregl Cell; Determination of Copper m 
Alloys ,^ — The material is brought into 
solution with concentrated nitric acid. 

The amount of copper present for each 
determination should be about 10 mg. and 
the volume of the solution 5 to 6 ml. If 
the alloy is high in copper, an aliquot of the 
original solution is taken for electrolysis. 

The ceU is assembled, the solution 
added, and heated to boiling. The cur- 
rent is turned on, and electrolysis takes 
place with an e.m.f. of 2.7 to 3.1 volts. 

The flame is removed and the solution 
allowed to cool during electrolysis. If the 
concentration of nitric acid is too high, 
deposition will not take place, and in this 
case a crystal or so of potassium sulfate is added; and if this is not sufficient, 
ammonia solution is added drop by drop until deposition begins. A drop 
of alcohol added to the solution at the commencement of the determination 
will prevent spraying due to evolution of gas at the anode. A few minutes 
after electrolysis begins, the walls of the cell should be rinsed free of any traces 
of electrolyte with a few drops of 1% nitric acid solution. 

After 25 minutes the deposition should be complete, and without interrupt- 
ing the current, remove first the anode, then the cathode, and wash the copper 
deposit with distilled water. If lead has been present it will be deposited on the 
anode and may be removed with nitric and oxalic acid. Benedetti-Pichler 
recommends that only water should be used to wash the deposited copper if it 
appears spongy, as alcohol tends to ca^a^ a flaking off. It is then dried at 
90® C., cooled and weighed. 

Notes.— (1) In order to keep the volume of the solution constant during electrolysis, 
Water must be added or a water condenser (A in Fig. 434) used. • i. j 

. (2) Where electrolysis is carried out in sulfuric acid solution, the time is shortened 

l>y 10 to 15 minutes and in many determinations there is nothing to prevent the use of 

“Benedetti-Pichler, Z. Anal. Chem,, 62, 321 (1923). 
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sulfuric acid. One drop of concentrated acid in 5 ml. of solution is sufficient and an 
e.m.f. of 2 volts is maintained. Where organic matter is present in the electrolyte, the 
metal is deposited in the regular manner, but in order to free the deposit from impurities, 
the electrodes are removed, fresh electrolyte placed in the cell, the electrodes again as- 
sembled, and the current reversed so that the metal goes back into solution. The current 
is again changed and the metal redeposited. 

The Determination of Mercury.^ — The method will determine 0.1 to 0,9 
mg. of mercury with an average deviation from theory of db 0.003 mg. 

Dissolve the metal in 0.5 to 2 ml. of concentrated nitric acid, transfer to a 
measuring flask, end take an aliquot of the diluted solution for electrolysis. 
The cell is a small narrow vessel larger than the Pregl cell and holds 8 fo 20 ml. 
The cathode is a gold wire 8 cm. in length and 0.3 mm. in diameter and the 
anode a platinum wire formed in a spiral. Conditions for electrolysis are: 
acidity 0.1 N; current 0.015-0.08 amperes; e.m.f. 3 volts; time 15-20 hours; 
temperature 20° C. The electrodes are removed without interrupting the 
current, and the cathode carefully washed with water, dried over phosphorus 
pentoxide for 3 hours, and then weighed. To remove the mercury, the cathode 
is heated carefully over a small flame. 

Notes. — Verdino uses the Pregl cell and a gold plated platinum gauze cathode pre- 
pared as follows: 50 mg, of gold arc dissolved in aqua regia and the solution evaporated 
to dryness several times with water to remove the excess acid. The residue is finally 
dissolved in 5 ml. of water containing 0.65 g. of pure pota.s.sium cyanide. The gold is 
deposited at an e.m.f. of 3.5 volts; temperature 55® C.; time 2 hours. 

The organic material containing 2 to 5 mg. of mercury is placed in a small hard glass 
tube, and 10 drops of fuming nitric acid added. The tube is sealed and placed in a bomb 
for 2 hours at 270-280° C. After cooling, the tube is broken and the contents rinsed 
into the electrolytic cell with 5 ml. of water. The condition.^ for electroly.sis are: e.m.f. 
3.5 volts; temperature 40° C.; time 40 minutes. Acidity in the ratio of 1 ml. concen- 
trated nitric acid to 9 ml. of w'ater — or 5 ml. of electrolyte should contain 0.5 ml. con- 
centrated nitric acid. Before removing the electrodes the cell is cooled for 5 minutes 
with cold water. The cathode is W'ashed with water, alcohol, and ether. It is dried 
by waving in the air and weighed. If the deposit is contaminated with organic matter, 
it should be redeposited in fresh electrolyte. 

The Determination of Gold*^ — It is possible to obtain excellent results with 
a .solution containing less than 0.5 g, gold per liter, using a volume as small as 
0.5 ml. and electrolyzing from a potassium cyanide solution which is the same 
procedure as given for gold plating the platinum cathode in the determination 
of mercury outlined above. 

Fuchs suggests covering the solution with a little toluene to protect the 
anode from possible attack by chlorine. The temperature of the solution 
should be close to boiling and a current of 3 amperes at 3-3.5 volts is suitable. 

The Determination of Silver.^ — The total volume of aqueous solution is 
7 ml. to which are added a few drops of concentrated sulfuric acid, and 1 ml. of 
20% tartaric acid. If a wet oxidation to recover the silver has been carried out, 
the acid concentration should be reduced by evaporation to less than 1 ml. 
Conditions for electrolysis are: 1.3-1. 4 volts for 15 minutes, then 1,8 volts for 
30 minutes. A sample containing 1-4 mg. of silver is best, but samples con- 
taining as low as 327 we reported as being accurately analyzed. 

» F. Patat, Mikrochemie, New Series, 5, 16 (1932), 

** Mikrochemie, 6, 5 (1928). 

•Fuchs, Mikrochemie, 1, 86 (1923). 

• Friederick and Rapoport, Mikrochemie, 18 , 227-34 (1935). 
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Copper in Organic and Biological Material, — In many cases the amount of 
copper is too small to be determined by weighing, so that a colorimetric method 
is required. The following methods have been critically studied and are 
accurate within the limits indicated. 

Ashing, — A sample containing 0.02 to 0.05 mg. of copper is ashed in a 
porcelain, or preferably platinum or silica dish in an electric furnace at a tem- 
perature of 510-565° C. for 3 to 4 hours or until a clean whitish-grey ash is 
obtained. In the case of a liquid it must be evaporated before ashing. The 
addition of 5 drops of glacial acetic acid added to 250 ml. pf milk speeds up 
the process of evaporation and prevents frothing. 

Treatment of Ask. — (1) Copper may be separated from the ash by micro 
electrolytic deposition. From 0.02 to 0.05 mg. of copper should be present. 
The ash is dissolved in 1 : 1 nitric acid and added to the electrolytic cell as 
described under microelectrolytic analysis. The voltage should be kept 
between 2.7 to 2.1. If the copper deposit is contaminated with other metals, 
it is best to reverse the current in fresh 1% nitric acid and redeposit. If the 
amount of copper is 0.5 mg. or more, it may be weighed directly. If not, it 
can be dissolved in acid and treated by any of the colorimetric methods de- 
scribed below. 

(2) The ash may be treated directly by the Biazzo method if impurities, 
such as iron, which interfere with the colorimetric procedure are absent. If 
such impurities are present, then the copper must be precipitated as the sulfide. 

(3) Without copper sulfide precipitation. 

The ash is taken up in 15 ml. of 1 : 1 hydrochloric acid. The solution is 
evaporated in order to render the silica insoluble, the residue moistened with 
5 ml. of hydrochloric acid and 5 ml. of water added. It is then warmed on a 
sand bath for hour, filtered, the residue washed thoroughly with water to a 
volume of 100 ml., evaporated to 10 ml., cooled and transferred to a 25 ml. 
volumetric flask. 

(4) With copper sulfide precipitation. 

Ferric iron when present in large amounts gives a brownish tinge to the 
chloroform layer. The iron is removed by taking up the ash with 10 ml.^ of 
1 : 1 hydrochloric acid, diluted and filtered. The iron is reduced by adding 
granulated zinc, copper free, and the solution boiled until it is colorless. It is 
then filtered, the filtrate made up to a volume of 200 ml. which gives a solution of 
aliout 1% acid concentration. Hydrogen sulfide is passed into the warm solu- 
tion for 15 minutes and the precipitation vessel kept stoppered until the copper 
sulflde settles. The precipitate may be allowed to settle out overnight. The 
copper sulfide is now filtered off or it may be centrifuged. The filter and 
precipitate are disintegrated in 5 ml. of nitric acid. The solution is diluted, 
brought to boiling, the paper filtered off, and evaporated at 10 ml., and is then 
treated by one of the procedures outlined below. 

The Biazzo The method is based upon the fact that a neutral 

solution of a copper salt when treated with a few drops of pyridine and pot^sium 
thiocyanide gives a green precipitate of the composition CufLs 5 ;2 

which is soluble in chloroform. It gives accurate results with amounts of 
50 to 150 7. 

" R. Bia**o, Ann. Chim. Appl., 1,6. 2 (1926); C. A. Elvehjem and W. C. Lindow, 
J Biol. Chem., 81 , 435 (1929). 



2520 QUANTITATIVE MICROCHEMICAL ANALYSIS 


Preparation of Standards. — A copper sulfate solution is prepared containing 
0.1 mg. of copper in 1 ml. of solution by dissolving 0.3928 gm. pure CUSO 46 H 2 O 
in water and diluting to a liter. The crystals must not show signs of efflor- 
escence. Then 0.5, 1, and 2 ml. of this standard solution are treated with 
acetic acid, potassium thiocyanate, pyridine, and chloroform in exactly the 
same manner as the sample solution and made up to 25 ml. A standard is 
chosen which has approximately the same intensity as the sample. 

One N sodium hydroxide is added to make solution just alkaline to phenol- 
phthalein, 1 ml. glacial acetic acid added, 1 ml. 10 % potassium thiocyanate 
solution, 10 drops pyridine, 5 ml. chloroform, accuraiely measured^ and ihade up 
to volume. The solution is shaken, the chloroform layer allowed to settle to 
the bottom of the flask, and most of the aqueous layer is removed. The 
remaining chloroform and water layer is transferred to a Bausch and Lomb 
colorimeter and the color is compared to a standard similarly prepared. 

Notes. — (1) In a critical study of the micromethods proposed for the determination 
of copper in org^c material, Anshacher, Remington, ana Culp found that better 
results were obtained if the chloroform in the colorimetric determination was replaced 
by bromobenzene as proposed by Kleinmann and Onke.®* 

An aliquot of the neutral solution is placed in separatory funnel, add 10 ml. of water, 
25 drops of glacial acetic acid, 30 drops of pyridine, 3 ml. (10%) of potassium thiocyanate, 
and 2 ml. of bromobenzene (b.p. 154-155'^ C,), and the original procedure is followed. 
These workers rewrt that the most satisfactory results were obtained when the amount 
of copper in the bromobenzene layer w'as 50 to 150 7 (0.050 to 0.150 mg.). 

Carbamate Colorimetric Method , — This method * gives accurate results 
with 1 7 to 5 7 copper with an accuracy of 0.2 7 . 

After obtaining the electrolytic copper or copper sulfide as described before, 
it is dissolved in a few drops of concentrated nitric acid and heated on a water 
bath for a few minutes. The sample is cooled, diluted to 5 ml., and 1 ml. of 
20% ammonium hydroxide added or enough to give a distinct odor. The 
solution is cooled, made up to exactly 10 ml. and thoroughly mixed. It is then 
centrifuged for 10 minutes to remove any turbidity which may have appeared 
with the addition of ammonia and poured into another tube. An aliquot 
containing 0.001 to 0.(X)5 mg. of copper is taken for the colorimetric determina- 
tion. Two ml. of ammonia are added and the volume is brought to 10 ml., 
1 ml. of 0 . 1 % aqueous solution of sodium diethyl dithio carbamate is added 
and the solution mixed well. The yellow color is compared immediately with 
the color in a set of standards prepared in the same manner from a copper sul- 
tion containing 1 mg, of copper per ml. The standard should be fre.shly 
prepared for each set of determinations from an accurately standardized stock 
solution containing 1 mg. of copper per ml. Quantities of copper below 0.00 1 
mg. cannot be accurately determined. 

Notes. — (1) Ignition vessels, especially new porcelain, should be treated by adding 
an alcoholic solution of sodium acetate equivalent to 1 gm. of the salt, followed by igni- 
tion in an electric furnace with subsequent extraction in 1 : 1 hydrochloric acid for ft 
period of several days. All reagents, including filter paper, should be carefully checked 
to see that they are not a source of contamination. 

*• Ind. Eng. Chem., Anal. Ed., 3 , 314 (1931). 

•• Arch. path. Anat., 275 422 (1930). 

"Conn and co-workers, Ind. Eng, (Jhem., Anal. Ed., 7, 16 (1936). 
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(2) Both the electrolytic and sulhde method are effective in separating the copper 
from its impurities. Conn and co-workers recovered 97% by the precipitation method 
and 98% by the microelectrolytic method, but the copper sulfide method will recover 
smaller amounts of copper — as low as 0.002 gm. 

(3) If undestroyed carbon remains after the period of ashing, it is filtered off, 
returned to the quartz dish and again ashed. 


GRAVIMETRIC DETERMINATION OF NICKEL AND COPPER 


Brunch's dimethyl glyoxime method is followed.®^ The nickel content 
of the sample should be from 0. 1-4.0 mg. in order to obtain accurate results. 
The original sample containing nickel is brought into solution by any of the 
well-known procedures. Benedetti-Pichler using 1-1.5 mg. of nickel am- 
monium sulfate, obtained an average deviation of —0.05 from the theoretical 
nickel percentage of 14,86. 

Procedure. — 2-3 ml, of the solution to be analyzed are transferred to a 
precipitating flask which has been thoroughly cleansed with chromic acid. 
A few drops of ammonium hydroxide, so that the solution turns blue, and a 
slight excess of 1% dimethylglyoxime in alcohol are added; usually 4 to 5 drops 
are sufficient. The precipitate is digested for about 30 minutes at 70° and then 
filtered off with the aid of the filter tube or filter crucible used for halogen deter- 
mination. The precipitate is washed 2-3 times with a little hot water. If 
copper is to be determined this filtrate is saved. The washing is continued, 
using hot 3% ammonia solution in order to remove all the soluble salts from 
the precipitate, finally washed with alcohol, and dried to constant weight at 
105° C. If iron is present it should be reduced with sulfur dioxide. 

Copper.— Copper, if present, may be determined from the first filtrate by 
adding 3—4 drops of 1% benzoin oxime solution in alcohol. The precipitate is 
digested on the water bath for 30 minutes, filtered and the precipitate washed 
with 3% ammonia and finally with 50% alcohol, then dried to constant weight 
at 105° C. The precipitate (Ci 4 Hii 02 N)Cu contains 22.02% copper. The 
solution should contain little if any ammonium salt. 

Another excellent method for the determination of copper is by the use of 
5,7-dibrom-8-hydroxyquinoline (C9H4Br20N)2Cu.®^ The test solution is 
evaporated to dryness in a weighed micro beaker with filter stick, and taken up 
in O.l-fl.2 ml. of dilute (1 : 10) nitric acid, and a few tenths of a ml. of hot water 
until the volume is around 2 ml. Then 0,1 ml. of acetone is added and the 
beaker warmed to 50° C. A saturated acetone solution of dibromo-8-hydroxy- 
quinoline (about 0.3%) is added drop by drop. Every 0.1 mg. of copper oxide 
requires about 1 ml. of reagent to give the usual 3 to 4 times excess. Alter lU 


«0. Brunck, Z. angew. Chem., 20, 834; Stmhinger and Poliak, Mikrochemie, 2, 

125 (192^; Benedetti-Pichler, Mettolu u. Erz , 25. 2M (19^). Mikrochem. 

** F. Hecht and R. Reiasner, Mikrochem, 17, 127-34 (1935); R. Berg, MUcrocnem. 

Eraich festschrift,’* 26 (1930). 
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minutes on a gently boiling water bath the mixture is filtered warm, and the 
precipitate is washed three times with wash liquid (0,4 ml, of 6,6% nitric acid 
and 15 ml. of acetone diluted to 20 ml. with water^ and dried for an hour at 
110-115® C. The method is suitable for amounts up to 1 mg. of copper 
(C9H4Br20N)2Cu contains 9.53% copper. 


VOLUMETRIC DETERMINATION OF IRON « 

The material containing iron is brought into solution, preferably with 
hydrochloric acid, reduced, and titrated in the presence of carbon dioxide with 
potassium dichromate using diphcnylarainc as the indicator. Because the 
oxidation of diphenylamine is catalyzed by the presence of ferric ions, a small 
amount of ferric chloride must always be added if traces of ferrous iron are to 
be titrated. The average deviation from theory when titrating 0,2-0, 5 mg. of 
iron is ±0.002 mg. 

Reagents. — Solution 1 — 5 g. ferric chloride plus 6 ml. concentrated sulfuric 
acid with water to make 100 ml. 

Solution 2 — 7 ml. phosphoric acid (sp.gr. 1.76) with water to make 100 ml. 

A stannous chloride solution containing 8 mg. stannous chloride per ml. 

A saturated mercuric chloride solution. 

An X/2o0 potassium dichromate solution. 

Indicator— 0.1 g. diphenylamine in 100 ml. of concentrated sulfuric acid. 

Procedure. — A sample of material containing 0.2-0.5 mg. of iron is weighed 
and brought into solution with hydrochloric acid. The vessel used for solution 
and titration is a test tube 16 mm. in diameter and 10 cm. high. The solution 
is heated to boiling and stannous chloride is added drop by drop until the 
solution is colorless and then one drop in excess. The sides of the vessel are 
rinsed with drops of water — the total volume of the solution should be 1-2 
ml. Carbon dioxide free from air is now passed through the solution for 5 
minutes using a capillary tube. Without interrupting the gas stream, 0.2 ml. 
of a cold saturated solution of mercuric chloride is added. The precipitate 
formed should have a white silky appearance. If a black precipitate results, 
too much stannous chloride has been added and metallic mercury is present, 
and the determination is spoiled. With the gas stream bubbling slowly 
through the solution 1.5 ml. solution 1 are added, then 1 ml. solution 2, and 
3 drops of indicator, and the titration commenced using N/250 potassium 
dichromate and a micro burette. The appearance of the final color Islue violet 
marks the end-point. In a blank experiment without the ferrous salt, the 
amount of dichromate solution necessary for the color change is determined. 
This amount is deducted as a correction and the percentage of iron in the sample 

“ J. Knop, J. Am. Chem. Soc., 46 , 263 (1924); Benedetti-Pichler, Z. Anal. Chem., 
73, 200 (1^. 
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calculated. One ml. of N/250 potassium dichromate solution equals 0.223 
mg. of iron. 

Notes. — ^Knop and Kubelkova in a study of indicators suitable for titrating small 
amounts of iron with potassium permanganate have found that by using suitable indi- 
cators 1 mg. of iron caji be titrated with an accuracy of 0.1 to 0.5%. Among the suitable 
indicators are Erioglaucin A and Eriogrun B. No indicator correction is required. 
\^en chloride is present in the solution it is necessary to have about 0.2 g. of man- 
ganous salt present to prevent destruction of the dyestuff ^cause of induced oxidation. 
An excess or indicator up to four times the amount necessary to impart a distinct color 
only causes an error of 0.3% when 1 mg. of iron is titrated with 0.005 N potassium per- 
manganffte solution. 


DETERMINATION OF ACETYL 

The methods for the determination of acetyl generally involve a preliminary 
hydrolysis, followed by a determination of the liberated acetic acid. AH the 
methods proposed have their limitations when applied to the analysis of all 
types of compounds. The following two methods, however, are given together 
with the types of compounds for which they are best suited. 

The Method of Elek and Harte.^^ — The hydrolysis is performed with 
aqueous p~toluene sulfonic acid, followed by distillation in vacuo. The sulfur 
dioxide and acetic acid are measured by iodometric titrations. The method is 
applicable to o-acetyl and n-acetyl compounds, except where more than one 
volatile acid is produced by hydrolysis, in which case the results are excessively 
high. 

Apparatus. — “The apparatus, as shown in Fig. 436, is constructed wholly 
of Pyrex glass, with the joints especially ground to be vacuum tight with only 
water as lubricant. The connection between the side arm of the flask and the 
condenser is glass to glass, sheathed in steamed rubber tubing in order to pro- 
vide sufficient flexibility to permit tapping the flask. It is important, therefore, 
that these parts be made of the same diameter tubing. 

“The whole apparatus, with the exception of the rubber connection which 
is well steamed, is thoroughly cleaned with chromic acid cleaning mixture, well 
rinsed, and dried before using. Between successive determinations thorough 
rinsing with distilled water is sufficient and only the flask need be dried.” 

Solutions : 

1. 25% aqueous solution of p-toluene sulfonic acid. 

2. 0.01 N sodium thiosulfate. 

3. 0.01 N iodine. 

4. 4% ’potassium iodate. 

5. Starch indicator. 

Procedure. — “A well-ground and thoroughly dried sample of from 4 to 
10 mg., accurately weighed by difference on a microbalance, is placed on the 

« Z. Anal. Chem., 85 , 401 (1931). 
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bottom of the hydrolyzing flask, preferably using a long-handled charging tube. 
The flask is then filled about three-quarters full with short pieces (4 to 5 mm! 
each) of 4 mm. Pyrex rod. The funnel, wet on the ground joint with distilled 
water, is inserted and fastened with short wire springs. Two milliliters of the 



sulfonic acid reagent are then added through the funnel and the closed stopcock 
is sealed with 2 to 3 drops of distilled water added through the funnel. In 
the analysis of halogen-containing compounds, a few milligrams of silver 
sulfate should be added. 

“The side arm of the flask is connected to the condenser by means of 
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freshly rinsed short section of rubber tubing, a glass- to-glass joint being easily 
effected. The receiving flask, previously charged with 5 ml. of the 0.01 N 
iodine solution with 1 to 1.5 grams of potassium iodide (conveniently measured 
out as a powder by means of a small marked test tube) dissolved therein, is 
attached to the rubber stopper on the lower end of the condenser and adjusted 
so that the sintered plate is about 1 cm. above the surface of the liquid. The 
side arm of the receiver is capped with a well-washed rubber nipple. The 
receiver, up to the side arm, is cooled by immersion in a beaker of finely cracked 
ice, renewed from time to time during the hydrolysis after removal of the water 
formed fty the melting. A stream of cold water is circulated through the 
jacket of the condenser. The flask is tapped sufficiently to mix the sample 
intimately with the acid, 

asbestos board is placed as a shield between the burner and the 
condenser. The mixture is heated by bringing the water in the surrounding 
beaker to boiling. The level of water in the beaker is maintained during the 
period of heating by using an inverted bottle containing water, held well 
above the apparatus, and having a 1 cm. tube reaching just to the desired level 
in the beaker. 

“ During the course of the heating, the flask is vigorously tapped at intervals 
in order to agitate its contents. Hydrolysis is continued for 1 hour for o-acetyl 
and 2.5 to 3 hours for n-acetyl compounds. Where the nature of the linkage is 
unknown the longer period is, of course, to be employed. At the end of the 
hydrolysis, the hot water is siphoned out of the beaker and replaced by ice cold 
water. After leaving the apparatus to cool for about 5 minutes, an aspirator is 
connected through a manometer and stopcock to the side arm of the receiver 
and the system is evacuated to a pressure of 60 to 60 mm. The receiver is 
lifted, together with its cooling beaker, until the sintered plate is about 2 mm. 
from the bottom of the receiver and the water surrounding the hydrolyzing 
flask is heated. At first a few very small bubbles are seen to pass through 
the iodine solution, but the bubbling stops in a few seconds as the pressure is 
equalized throughout the system. When the fluid in the flask has completely 
distilled over, aided by occasional tapping, about 1.5 ml. of water are run in 
through the funnel without either breaking the vacuum or stopping the heating. 
After the contents of the flask have become dry, a second, and finally a third 
portion of water is introduced in a similar manner. Heating is then continued 
until the contents of the flask are completely dry and for 5 to 10 minutes 
thereafter. The receiver is then lowered, using a gentle rotatory motion, until 
the sintered plate is 2 to 3 cm. above the fluid. The stopcock between the 
receiver and the gage is closed; the connection between the stopcock and the 
gage is broken, and then by slowly opening the stopcock the system is brought 
back to atmospheric pressure, and the burner is extinguished. 

‘‘The condenser is disconnected from the flask and washed through three 
times with small volumes of distilled water, flow across the sintered plate 
aided by th'e application of suction through the side arm of the receiver. e 
outside of the lower part of the condenser is washed into the receiver with 
distilled water; the total volume should be about half its capacity. The solution 
in the receiver whose side arm is capped with the rubber nipple, is titrated with 
the standard thiosulfate, using 2 drops of the starch indicator added toward 
the end of the titration. To the now colorless solution about I mi. oi the 
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potassium iodate solution are added, and the receiver is immediately stoppered 
with a soda-lime tube, placed in a beaker of water at about 35* C., and allowed 
to stand for 20 minutes. At the end of that time the solution is titrated with the 
thiosulfate solution, the end-point being taken where the blue color which 
develops during the titration just disappears. 

‘'The value from the initial titration is to be subtracted from the value 
obtained by titration of 5 ml. of the iodine solution in which 1 to 1.5 grams of 
the potassium iodide are dissolved and 2 to 3 drops of dilute acetic acid added. 
(It is especially important when measuring the iodine solution from a micro- 
buret to wait 1 to 2 minutes before reading the buret; the drainage drror may 
otherwise be considerable.) This latter titration should not be made until the 
mixture has stood for about 5 minutes at room temperature. The difference 
so calculated is a correction for the sulfur dioxide and varies from 0.00 to 0.05 
ml. WTiere it exceeds the upper limit the analysis should be rejected. The 
difference, doubled to account for the dibasicity of the sulfuric acid formed, is 
deducted from the final titration as a correction for the acid introduced as 
sulfurdioxide.” 

Calculation: The acetyl content is given by the formula 

r//-iTT thiosulfate (corr.) X factor of solution X0.4302 

%Cxl3CU — 10 X — r — i 

w^eight of sample 

. Method of Robinson and Bailey. — This simple method ^ is an adaptation 
of the well-known macro method. It is applicable to compounds which do not 
possess acidic functions either in themselves or as a result of alkali splitting. 

Procedure. — A 5-10 mg. sample is weighed into a small porcelain boat and 
introduced into a 20 ml. Pyrex flask. Five ml, of X /25 aqueous sodium hy- 
droxide are added to the flask, and a micro reflux condenser attached. The 
solution is boiled gently for 12 to 35 hours. The time required for complete 
hydrolysis depends largely upon the character of its acetyl linkage. It has 
been found that the acetyd X linkage pos.sesses greater stability than the acetyl-0 
linkage. After hydrolysis is complete, any alkali adhering to the condenser 
and rubber stopper is washed into the flask and the excess alkali titrated with 
N/lOO hydrochloric acid u.sing phenolphthalein as the indicator. A blank 
correction as determined by a control experiment is necessary. The accuracy 
of the method is equal or better than that of Pregl-Soltys or Kuhn-Roth 
methods. The results are usually low, 0.06 to 0.20, from the theoretical 
percentages. 

Mikrochemie, IS, 233 (1934). 

Her., 66, 1274 (1933). 
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THE DETERMINATION OF METHOXYL-ETHOXYL 


The micromethod uses a modified Zeisel procedure. The RI may be col- 
lected in alcoholic silver nitrate and weighed as silver iodide or it may be ti- 
trated according to Viebock and Schwappach.®* The titration method may 
be used in the presence of sulfur. The method is based upon the following 
reaction: R^OR+HI~*^K^OH + RI. The volumetric procedure is based upon 
the following reactions : 

CH3I +Br2-^CH3Br+IBr. 
IBr-h2Br2+3H20->HI03+5HBr. 

The accuracy of the method is ±0.1% from the theoretical percentage. 



Apparatus.— The apparatus described » is typical of most and ^ 
for either micro or macro determinations. It is constructed of Pyrex glass and 

the details are given by Fig. 437. 

•' Ber., 63, 2818 (1930); Viebock and Brerher, Ber., 63. 3207 (1930). 

•• E. P. Clark, J. A. 0. A. C., 15, 136 (1932). 
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Reagents. — Formic acid, 90-100%. 

Analytically pure sodium acetate* 

lodate free potassium iodide. 

Red phosphorus. 

0.02 N thiosulfate. 

Constant boiling hydriodic acid, 57% (store in the dark). 

Indicators — starch, methyl red. 

Procedure. — Five to ten mg. of dried sample or an amount equal to 3-5 ml, 
of thiosulfate are weighed into a small glass capsule which will readily slip into 
the decomposition flask A. A boiling rod is placed in the flask. 2.5 ml. of 
melted analytical quality phenol and 5 ml. of constant boiling hydriodic acid 
are added. The flask is then connected with the remainder of the apparatus 
which consists of scrubber B, containing a little water and the receivers, C and 
D. The receivers contain 10 ml. of a 10% glacial acetic acid solution of potas- 
sium acetate to which 6 drops of bromine have been added. Approximately 
6 ml. of the solution is placed in C and 4 ml. in D, (See Note (14).) 

A slow uniform stream of carbon dioxide is passed through the capillary 
sidearm of the boiling flask and the liquid is gently heated by means of a 
mantled micro burner at such a rate that the vapors of the boiling liquid rise 
half-way up the condenser. For most substances, 30 minutes are sufficient 
to complete the reaction and sweep out the apparatus. The contents of both 
receivers are washed into a 250 ml. Erlenmeyer flask which contains 5 ml. of a 
25% aqueous sodium acetate solution. The volume of the liquid is then 
adjusted to approximately 125 ml. and 6 drops of 90% formic acid added. 
The flask is rotated until the color due to the bromine is discharged, then 12 
more drops of formic acid are added, and the solution is allowed to stand for 
1 to 2 minutes. One gm, of potassium iodide and a few ml. of 10% sulfuric acid 
are next added and the free iodine titrated with 0.02 N thiosulfate. A blank 
should be run on the reagents, as phenol contains some substance which gives 
a small blank. 

Calculation. — 31.03 parts of methoxyl or 45.05 parts of ethoxyl yields 6 
atoms or 761.5 parts of iodine. 

One ml. 0.02 N thiosulfate — 0.1034 mg. methoxyl or 0.1501 mg. ethoxyl. 

Notes. — (1) The boiling rod is a glass tube approximately 60 mm. long and 3.5 mm. 
outside diameter with 1 mm. bore. It is sealed at one end and also closed about 10 mm. 
from the other. The open end is fire polished. When thw is placed in the flask with 
the open end down it will induce uniform boiling as long as siiJSicient heat is constantly 
applied to the liquid. 

(2) The hydriodic acid employed usually contains more or less free iodine resulting 
from the decomposition of the hydriodic acid. A permanently colorless solution of 
hydriodic acid may be obtained if the liquid heated to approximately 100® C. is treated 
with slightly more than the necessary quantity of 50% hypPpho^horous acid. When 
a hydriodic acid solution thus treated is used for alkoxyl aeiermination, no free iodine 
will be evolved and consequently no phosphorus need be employed in the scrubber B. 

(3) Gibson and Caulfield have studied the Viebock procedure and ‘advocate the 
following absorbing solution. It should be freshly prepared W adding 6 drops (0.05 ml.) 
of bromine to 18 ml. of 20% aqueous potassium bromide. One-half of this serves as a 
blank and is kept beside the absorption tubes during the estimation, being titrated under 
the same conditions at the end. The remaining absorption solution is filled into two 

J. Chem. Soc., 1935 , 1419-20. 
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absorption tubes, 7.5 ml. into the first, and 1.5 ml. into the second. The absorption 
tubes and the blank are immersed in ice water during the estimation, 

(4) White and Wright studied the modification of Gibson and Caulfield and find 
that the largest error is the of light on the bromine in the absorbing bromine- 

potassium bromide solution. They use the same pro- 
cedure as Gibson and Caulfield, but simplify the absorp- 
tion train by using only one receiver. The fig. 438 
shows the regular Pregl type absorption tube but modi- 
fied as follows: Before the outlet tube from the apparatus 
is inserted into one of the receivers, a glass sleeve H is 
placed at /. When the assembly is complete, the sleeve H 
is allowed 1x) fall so that it rests on the constriction of the 
receiver as shown. This sleeve, about 1.5 cm. long, is cut 
from glass tubing about 1 ml. larger than the tube form- 
ing the bottom of the receiver and is notched 4 times 
around the periphery of the edjges with a wet file. When 
the sleeve is correctly made, it permits free circulation 
between the top and the bottom of the receiver and yet 
it will retain the ascending bubble of gas long enough to 
facilitate absorption. Tufts of cotton are placed in the 
mouths of the receiver. 

Another method is to use a glass spiral which fits 
snugly against the wall of the absorption tube and the 
tube /, so tliat the ascending bubbles follow the spiral. 

A stopcock may be sealed to the bottom of the absorp- 
tion tube and the contents washed into the flask without 
removing the tube from the apparatus. 

(5) If on the addition of formic acid the bromine 
does not disappear, it indicates that insufficient sodium 
acetate was us^. 

(6) If several determinations are to be run at once, 

the same charge of hydriodic acid and phenol may be used 
for all of them, but a fresh boiling rod should be used for each determination and the 
blank due to the phenol should be subtracted only from the first mn as the material 
responsible for the blank is destroyed during the first run. This matter, however, 
should be checked to make certain that such is the case. n . 

(7) If the hydriodic acid contains free iodine, this must be removed by putting a 

water suspension of finely divided red phosphorus in the scrubber B. The app^at^ 
should be so constructed and operated that no red phosphorus goes over into the ab- 
sorption tubes and thus ruins the determination. , , , ,, x i 

(8) The time of heating varies with different compounds hut there are few that take 

over one hour. , , r i x- 

(9) The procedure should be standardized as to time and volume of solutions, so 
that a constant blank may be obtained for any particular apparatus. 

(10) The carbon dioxide from cylinders may be pure enough for use without a puri- 
fying train. If halides are present, they should be removed by a solution of silver mtrate 
and the gas dried by passing through a dehydrating agent. 

(11) An oil bath MuTbe used to heat the flask A, but for rapid routine work the use 

of a micro burner is preferable. , , u . x - a 

(12) The determination of N linked to CH, mcthylimide cp be deterimned after 
the ethoxyl methoxyl has distilled over at 135^ C. The method is t^ious not 
factory as a routine determination. The method as given by Slotta and Habejknd i 
uses the same apparatus as for the alkyloxyl determination, 

Fig. 439, aro4nMrted in the distiUing tube. The flask is charged with 3-o 

2 granules red phosphorus, 1,5 ml. hydriodic acid, .3^100 mg. Clu 

small amount o? phenol. The gas washer is filled mth a 1.5% 

containing 0.5% sodium carbonate. The procedure is then 

previously in orfer to distiU off any alkoxyl. The scrubber and the receivers are 

C»n. Joum. Res., 14 , 427 (1936). 


Fig. 438. 
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charged and the flask heated to 350® C. The hydriodic acid distills over into the trap 
and the methylimide comes off and is carried over by the stream of carbon dioxide 
After heating for one hour with carbon dioxide flowing, the flask is cooled to 200® C. 

the hydriodic acid is sucked back into the flask and 
the fl^k is again heated to 350® C. The solution in 
the receiver is titrated as for alkoxyh A third heat- 
ing should not yield a titratable amount in the re- 
ceivers. 

(13) Where a compound yields both methyl and 
ethyl iodide, a separation may be made: 

A. By the combustion method of A. Friederich.i«’>« 
The total percentage of methoxy and cthdxy is first 
determined. Then, from another sample, the dis- 
tilled methyl and ethyl iodide is led into a microcom- 
bustion furnace and the percentage of carbon deter- 
mined. The proportion of oxygen atoms to carbon 
atoms can then be calculated. If a methoxy group 
is present, the ratio of oxygen to carbon is 1 ; 1; an 
Fig. 439. ethoxy group, if 1:2; and if 2 : 3, the proportion of 

methoxy to ethoxy is 1 : 1. 

B. By absorbing the alkyl iodides in an alcoholic solution of tetramethylamine.^'®*' 
The receivers are charged with approximately 5 ml. each of a 10% solution (by weight) 
of anhydrous trimethylamine in absolute ethanol and 10 ml. of absolute ethanol. After 
the run, the absorption tubes are stoppered and allowed to stand for 24 hours. Separa- 
tion is effected by taking advantage of the relative insolubility of tetramethylammonium 
iodide in absolute alcohol (the trimethylethylammonium iodide is 100 times more 
soluble). For accurate work a correction is made for the loss by solubility of tetra- 
methylammonium iodide and the amount of loss is best determined by each operator 
under the experimental conditions u.sed. The precipitate is dis.soIved in hot water, 
3-5 drops cone, nitric acid are added and the methoxy is determined by adding silver 
nitrate and weighing the silver iodide. In the same w’ay the ethoxy in the filtrate 
from the trimethylamine separation is determined. 

(14) 0.3-0. 5 ml. acetic anhydride may also be added to the reaction mixture in 
flask A. 


THE DETERMINATION OF MOLECULAR WEIGHT 

For Solids— By Rise of the Boiling Point. — The following is a micro modi- 
fication of the method developed by Menzies and WrightA^ There are two 
forms of the apparatus, the chief difference being that in one the solvent is 
boiled by a small coil of platinum wire placed directly in the solvent while in 
the other a small gas or alcohol flame is used.'®^ Fig. 440 shows the bottom 
of the boiling tube with platinum coil, and Fig. 441 shows the Smith and Milner 
apparatus. Both are the same except for the lower section. By using a 

A. Friederich, Mikrochemie, 7, 185 (1929). 

Willstatter and Utzinger, Ann. Cftew., 382, 148 (1911). KUster and 
Z. Physiol. Ckem.f 127, 190 (1923). I^illips and Goss, J. A. 0. A. C., 20, 292 (1937)- 
J. Am. Chem. Hoc., 43, 2314 (1921). 

A. F. Colson, Analyst, 57, 757 (1932), 

Smith and Milner, Mikroebemie, 9, 117 (1931). . 
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Fig. 440. 


differential thermometer the observed change in boiling point is much larger 
than when a microBeckmann is used, and changes in pressure do not affect 
the determination. The volume of solvent is determined, 
which is not done with other microforms of apparatus using 
the rise of the boiling point method. Therefore, more accurate 
results are possible. 

Apparatus. — Fig. 441-1. T is the boiling tube; vacuum 
jacket; F, the boihng bulb, 3.0 ml. capacity to large mark. 

The neck G is graduated in 0.1 ml.; W, tungsten wire; bi and 
^ 2 , enlargements to accommodate thermometer bulbs. Fig. 

441-11 Cu, copper spiral; L, etched millimeter scales; Bi and 
Bof thermometer bulbs Fig. 441-11 1 P, Cottrel pump. The 
differential thermometer may be made in the laboratory or 
purchased. 

Procedure. — The boiling tube is clamped in a vertical position and an 
asbestos board 10 cm. square with a 5 mm. hole in its center, is placed under 

the boiling tube so that the tungsten 
wire, IF, protrudes through the hole. 
This wire is sealed through the bottom 
of the boiling tube and enables the 
liquid to boil without bumping and 
directs the bubbles of vapor through 
the pump. Water is then started 
through the condenser and 3.00 ml. of 
solvent are pipetted into the bulb F. 
A micro burner or alcohol lamp is 
placed directly under the tungsten 
wire and so adjusted that the liquid 
will reflux gently from the condenser. 
A standard thermometer is then in- 
serted into the vapors and the true 
boiling point of the solvent deter- 
mined to the nearest 0.1°. The 
amount of solvent actually present in 
the bulb F is then determined by re- 
moving the burner, quickly checking 
the ebullition by touching the bottom 
of F with a beaker of water and im- 
mediately reading the volume of the 
solvent from the graduation (?, which 
has been previously calibrated. 

The standard thermometer is then 
removed and the apparatus assembled 
for the determination of the rise of the 
boiling point. The pump is lowered 
Cm. over the tungsten wire. The differ- 
ential thermometer is then clamped 
in such a position that its lower bulb 
is directly under the opening of the pump, but not in contact 
thermometer should not touch any portion of the boiling tube. The burner 
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is then returned to its original position and the hquid boiled briskly enough 
to pump it in an almost continuous stream over ^he lower bulb of the 
thermometer. Then at intervals of 1 or 2 minutes, readings are made on 
the millimeter scales etched on the thermometer. When the readings have 
become constant, they are recorded. The sample, 10-15 mg., made into the 
form of a pellet in a pellet press, is accurately weighed and is then introduced 
into the boiling tube. Again the thermometer liquid is allowed to become 
constant and the reading recorded. This may require 5-10 minutes. Addi- 
tional pellets may then be introduced and the corresponding records made. 

Calculation. — For the conversion table of the differential thermometer the 
original paper should be consulted.^^ The ebuUioscopic constant, Ai, is for 
one mole of solute in 100 gm. of solvent. This requires also knowing the 
density of the solvent at its boiling point. The ebuUioscopic constant, Aa, 
is for one mole of solute in 100 ml. of solvent at its boiling point. 

_Rise B.P.X molecular wt, of solute Xwt. of solvent 
^ 100 Xwt. of solute * 

^ _Rise B.P, X molecular wt. of solute Xml. of solvent 
^ 100 Xwt. of solute 


Constants Tfseful in Ebullioscopy 
J. Am. Chem. Soc., 43, 2320 (1921) 


Solvent 

B.P. ' C. 

dpidt 

D 

dDjdt 

Ki 

Kt 

Acetone 

57.0 

26.4 

0.7522 

0.0011 

17.2 

22.9 

Benzene 

80.1 

23.4 

0.8149 

0.0010 

26.1 

32.0 

Carbon disulfide 

46.3 

24.7 

1.2223 

0.0016 

23.7 

19.4 

Carbon tetrachloride .... 

76.8 

23.3 

1.4801 

0.0021 

48.0 

32.4 

Chloroform 

61.2 

25.2 

1.4101 

0.0018 

39.0 

27,7 

Ethyl acetate 

77.2 

25.1 

0.8302 

0.0010 

27.9 

33.6 

Ethyl alcohol 

78.4 

30.3 

0.7389 

0.0011 

11.7 

15.8 

Ethyl ether 

34.6 

26.9 

0.6968 

0.0011 

21.6 

31,1 

Methyl acetate 

57.1 

26.8 

0.8802 

0.0014 

20.6 

23,4 

Methyl alcohol 

64.7 

29.6 

0.7468 

0.0010 , 

8.8 

11.8 


Notes. — The following precautions should be taken: 

(1) An almost continuous stream of liquid must be pumped over the lower bulb of 
the differential thermometer, and most of the ebuUition takes place through the pump. 

(2) That the flame be shielded from draughts to prevent fluctuations of the ther- 
mometer readings. 

(3) That the upper hxUb of the differential thermometer be well laved by the con- 
densed solvent flowing down the copper spiral. Colson cit.) has at the top two 
copper wires touching the waU of the Doiling tube near the edge of the condenser, which 
di^ts the liquid onto the copper coil on the thermometer stem. 

(4) Water should not be flowed to condense from the atmosphere onto the inner 
surface of the boiling tube. This is best accomplished by circulating water at room 
temperature through the condenser at a constant rate of amut 4 ml. per minute. 

With the above precautions the differential thermometer can be read with an ac- 
curacy of 0.1 mm. and the volume of the solvent in the bulb F to 0.03 ml. 

Menzies, J. Am. Chem. Soc., 43, 2309 (1921). 
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(5) If the molecular weight of a non volatile viscous Kquid is to be obtained, the 
liquid may be introduced into the apparatus in a small glass tube, 2X15 mra., con- 
stricted to a pin point opening at one end. When introduced into the boiling tube the 
solvent will quicUy remove the solute from such a tube, yet the tube will retain the 
sample during the weighing. 

(6) When the solvent ia boiled, by the method of Colson (loc. cit.) the problem of 
superheating, bumping and shielding the burner from air, currents is avoided. The 
reading of the volume is taken the moment the current is shut off. No momentary cool- 
ing with a beaker of water is necessary, thus giving greater accuracy in the volume 
reading. 

(7) The apparatus of Sucharda and Bobranski and of Rieche use the micro 
Beckmami thermometer and an attempt is made to prevent superheating. However, 
for accurate work two set-ups must be used, so that one, with solvent only, will give the 
change of boiling point with any change in pressure. No attempt is made to measure the 
actual volume or solvent during the experiment. Both methods require 5 ml. of solvent 
and 20-30 mg. of material. 


Deteniunation of Molecular Weight by the Method of Rast. — The method 
of Rast is very simple. Camphor possesses exceptional solvent power for 
compounds and gives a high molecular depression of the melting point. One 
mole of substance in 1 kg. of camphor as solvent gives a melting point depres- 
sion of 40° C. The method cannot, of course, be used for those substances 
which are insoluble in camphor or decompose below 
170° C. The method really only involves the taking 
of a melting point. The melting point of the camphor 
is first taken and then a substance of known molecular 
weight is added and the depression of the melting point 
noted. By this means the camphor is standardized for 
further determinations. 

A conical capillary, Fig. 442-1, 40 mm. long, 3 to 5 
mm. at the top, and 2 to 4 mm. at the bottom, is weighed 
exactly on the balance. The sample finely ground is 
picked up by pressing a small capillary into the material. 

This small capillary with a bore of 2 mm. and 50 mm. 
long is wiped free of material adhering to the outside 
and placed in a large capillary. A fine solid rod, which 
fits into the small capillary, is inserted and forces out 
the sample into the bottom of the large capillary. 

When a sample 0.2 to 0.3 mg. has been added, the large 
capillary is again weighed which gives the exact weight of 
the sample. The camphor is introduced in the same 
manner except that a larger capillary may be used for 
introducing the camphor. When about 10 times the 
weight of sample has been added, the large capillary is 
weighed the third time and this gives the weight of , 

the camphor added. The capillary, Fig. 442-2, is now sealed 20 mm. from 
the bottom and drawn out to a fine thread 4 cm. long. The capillary ng. 
442-3, is next dipped into a heating bath, such as concentrated sulfuric acid 
so that the material is melted and mixed together. The 
attached to a melting point thermometer and placed mam g p 

*" Chem. Zte., 51, 568 (1927) and A. Rieche, Mikrochemie, 12, 129 (1932). 

Ber., 55, 1051 and 3727 (1922). 
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apparatus. The melting point is then determined with the aid of a lens. The 
capillary is Cooled and a second reading taken to check the first. 

Calculation : 

1000 S.K. 

LA 

S = weight of substance, 

A = molecular freezing point depression of the camphor used, 

L = weight of camphor in mg., 

A = observed depressing of the freezing point. 

Notes. — (1) It often happens that a lai^r sample may be used and thus a laiger 
capillary can be employed. It will be found much easier to charge a large rather than 
small one such as is described above. It is also much easier to add camphor to a larger 
capillary. 

(2) For those who find that they have a great number of determinations to carry out 
by this method, the apparatus described by Carl Tiedcke may be of interest. It gives 
greater convenience in holding the thermometer and capillary, together with a novel 
container for the sulfuric acid. It consists of a 250 ml. flask with ground-glass top into 
which is inserted a thermometer. The flask is provided with a stirrer and platinum hook 
to hold the capillary. 

(3) Joseph Pirsch““ si^ests Bomylamine (m.p. Ifil"* C.; mol. m.p. depression 
E=40.6) and Camphene dibromide (E = 115), as also suitable for the determination of 
molecular weight. 

For Liquids — Micro Victor Meyer Method. — The principle of the method 
consists in vaporizing the liquid under controlled conditions and indirectly 
measuring the volume by observing the change in pressure. The method 
is simple, and the entire determination takes about 20 minutes. Another form 
of the micro Victor Meyer apparatus was developed by Lakshminarayan and 
Nayak.^^2 The average error is about ±2.0%. 

Methods based on the Victor Meyer principle, but which vaporize in a 
system initially filled with mercury, are not as simple to carry out as the above 
method. The volume is determined by weighing the mercury displaced by the 
vaporized sample. 

Apparatus. — The construction of the apparatus is simple. The details are 
given in Fig. 443. It is essentially an inner jacket A, fitted with a mercury 
manometer; the inner jacket is surrounded by an outer jacket B, to maintain 
constant temperature during the vaporization. A and B are constructed from 
a 15X150 mm. and a 25X200 mm. Pyrex test tube respectively. On the 
bottom of A is sealed a tube 40 mm. Jong and 4 mm. in diameter, and three 
short lengths of rod are sealed at C equidistant around the circumference so 
that A is centered in the jacket B. 

The Pyrex stopcock at B should have a bore not less than 20 mm. U is a 
capillary tube of 0.5 mm. bore. A 100 mm. length of 5 mm. tubing is sealed 
to the capillary tubing at F. G is a trap to catch any air rising from the 
manometer. J is a water condenser. A reference mark for the mercury 

Mikrochemie, 18, 223 (1935). 

»“Ber., 6SB, 1227-9 (1932). 

Bratton and Lochte, Ind. Eng. Chem,, Anal. Ed., 4 , 365-7 (1932). 

J. Indian Chem. Soc., 8, .590-603 (1931). 

Niederl, Trautz and Plentl, Ind. Eng. Chem., Anal. Ed., 8, 252 (1936). 
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manometer is etched just below the seal F. Before use the inner jacker A is 
iilled with water to the reference mark to determine its volume. N is an as- 
bestos board with a hole to admit the jacket B, A is supported in the outer 
jacket B by a split stopper. H is & 300 mm. reference scale. Determinations 
may be carried out under reduced pressure by attaching the rubber connection 
Kto A and applying suction. 

Determination. — The liquid, 2-10 mg., is weighed in the usual manner into 
a capillary of such diameter that it will readily pass through the bore of the 
stopcock D, The form is shown in Fig. 444^A. The upper end of the constric- 



Fig. 443. 


tion is closed and a bead formed, Fig. 444-5, which is larger than the bore of the 
stopcock. A liquid with a boiling point 15-20'' C. above that of the sample is 
poured into B to a depth 10 mm. below the end of the inner jacket A. The 
manometer is filled with mercury and A tilted to fill trap G. It is then placed 
inside of B, stopcock D is closed, and the burner under B is lighted. The 
liquid is boiled just vigorously enough so that B is filled with vapor at aU times. 
The level of the mercury in the right hand manometer is brought to the ref 
ence mark and D is closed. When no change in mercury level is noted when D 

is closed, the determination is begun. i ^ i.- i. i. 

Stopcock D is opened and the capillary inserted, the bead of which rests on 
the bore of the stopcock. The mercury is brought to the reference mark and 
the level of the mercury in / is read on the scale H to 0.2 mm. D is c » us 
breaking the capillary and it falls to the bottom of A. The levelling bulb is 
gradually raised and when no further increase in pressure in A is noted, tne 
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0 D 


mercury is adjusted to the reference mark and the level read. The difference 
in the initial and hnal readings gives the change in pressure in A. I is lowered, 
the plug from the broken capillary removed from D and a 
long capniary inserted into A, and the vapor removed by 
suction. By making the long capUlary slightly smaller than 
the sample capillary the latter may be retained on the end of 
the long capillary, when suction is applied, and thus is re- 
moved from the apparatus. 

Those compounds which tend to decompose when heated 
to their boiling points at atmospheric can be vapdrized at 
reduced pressure as follows: The sample tube is inserted in 
D and L is connected to Z> by the rubber pressure tubing 
K. L is closed, and Af is connected to a vacuum line. 1 is 
lowered so that the mercury at F falls to a point just above 
G. L is slowly opened and if necessary I is again lowered. 
L is then closed and the mercury brought to the reference 
mark. If the mercury level remains constant, the level 
of the mercury is recorded in mm,, the sample tube broken 
by turning D and the determination completed as previ- 
ously described. 

Calculatloii; 

22410X760XTXB" 


B 


I 


M.W. =- 


1000X273XV^XAp 

where T = absolute temperature of the vapor bath, 
W = weight of sample taken in mg., 

Fig. 444. V ^ volume of inner jacket in ml., 

Ap - change of pressure within A in mm. 

Collecting Constants, 


M.W. = KX 


TXW 

Ap 


The constant K for any apparatus can be calculated when the volume of the 
inner jacket is known. 

Notes. — (1) The following minor changes will be found to make the apparatus more 
convenient: 

(a) The tube I should be made of tubing 6-7 mm. inside diameter with a funnel 
made of tubing 15 mm. X 100 mm. sealed on. It is easier to read the mercury on the 
s<^e when it is contained in a smaller tube. 

(h) The tube beguming at F should not have as steep an angle, as there is consider- 
able strain on this tube with the weight of mercury. 

(c) A vacuum jacket beginning at the point C and extending up to the bottom of the 
water condenser will prevent excessive condensation and maintain a more uniform 
temperature in A. 

(d) If the apparatus is in constant use, a thermometer well is useful so that the tube A 
need not be removed to get the temperature of the boiling liquid 

(2) If air causes decomposition of the sample, jacket A may be filled ’frith an inert 

gas. 

(3) Bath liquids which can be used are: water, B.P. 100“ C., p-cymene, B.P. 180“ C-, 
alphi^-naphthyl methyl ether, B.P. 269“ C., benzyl benzoate, B.P. 319“ C. 
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GAS ANALYSIS 

The apparatus described is designed for 
carrying out a gas analysis using 25 to 100 cu. 
mm. The degree of precision is of the same order 
of magnitude as that ordinarily attained in macro 
gas analysis.^* 

Apparatus.— Fig. 445 is a diagram (Blacet 
et al.) drawn to scale of the apparatus. A is 
a wate? jacketed microburette. This is a capil- 
lary tube of approximately 0.5 mm, in diameter 
and graduated to read in cu. mm. with the zero 
mark at the top of the scale. The total capacity 
is about 1 12 cu. mm. The upper end is bent as 
shown and ends in a capillary of small external 
diameter to facilitate the intake and discharge of 
gases. The tip of this capillary is ground and fire 
polished to a radius of curvature somewhat less 
than that of the top of the gas holders H and J, 
The lower end of the burette is sealed to a larger 
tube containing a trap to insure the exclusion 
from the capillary of impurities and chance solid 
material which may be introduced in the sealing 
process. The device represented by P, and 
B is used to move the mercury and gas sample up 
and down the microburette. P is an iron 
cylinder into which the bell-shaped lower end of 
the burette is cemented by the sealing wax N. 
The wax is also used here to close the water 
jacket of the burette. R represents an elastic 
rubber cap. The lower flange of this cap is 
firmly secured against the lower edge of P in a 
manner which may be deduced from a study of 
the drawing. jS is a metal plunger which is 
attached by a swivel to the screw B. The space 
above R is filled with mercury. By manipulating 
B the plunger is forced either up or down causing 
a flow of mercury or of gas through the capillary 
burette A. Since P is the only one of the metal 
parts which comes in contact with the mercury, 
it is the only one which must be made of some 
non-an algamating material. By means of tele- 
scoped brass tubes C and D and the machined 
screw E, everything on the table F can be moved 
up or down with perfect control. G is a mercury 
reservoir of 7 cm. diameter. H and J are the 
containers for the gas samples and are also used 



Blacet et al., Ind. Eng. Chem., Anal. Ed., 3, 266 (1931); 5, 272 (1933); 6, 334 
(1934); 9, 44 (1937)*. Swearingen, Gerbes and Ellis, Ind. Eng. Chem., Anal. Ed., 5, 
369 (1933); Seeveis and Stormont, Ind. Eng. Chem., Anal. Ed., 9, 39 (1937), 
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in the processes of absorption and explosion as will be explained later. They 
have a capacity of approximately 2 ml. each. In the diagram only two are 
shown but in fact 4 of them are symetrically attached by means of circular steel 
springs to the revolving table M (see Fig. 445). K, the absorbent holder 
guides, are attached directly on the shaft which supports the gas holders H and 
J and are made of a brass tube which acts as a guide for placing and supporting 
the absorbent holder L. Since there are 4 absorbent holders, several separate 
analyses may be in progress at one time. A rubber band made by cutting a 
short length from a suitable rubber tube prevents the absorbent holder L from 
extending too far into the gas sample. In Fig. 445, K and J are sho^ni pro- 
jected on a vertical plane. Their relative positions are 
shown more clearly in Fig. 446, in which the spider • 
supporting the 4 guides is shown properly oriented 
above the one which supports the gas holders. The 
gas holders are held in position by steel ribbon springs. 
The apparatus may be purchased from Eimer and 
Amend, New York City. 

Collection and Storage of Samples. — It is not always 
possible to collect the gas sample directly in the analytical 
apparatus. For transportation of such samples, the fol- 
lowing apparatus is used. A circular iron penumatic 
trough, 2 cm. in diameter and 1 cm. in depth, which can 
be lowered into the mercury reservoir of the apparatus, Fig. 445, is welded to 
an adjustable iron arm of a small ringstand. A second adjustable arm carries 
a steel spring clamp into which the gas holders can be slipped by a horizontal 
movement. This device makes it possible to take a small 
sample of gas to or from the main apparatus without 
danger of loss or contamination. 

Storage of samples may be accomplished by having a 
metal clip, Fig. 447, made to fit around the gas holder 
and this in turn fit on the rim of a mercury reservoir. 

The apparatus described above has been modified by 
Swearingen, Gerbes and Ellis, and later these modifica- 
tions incorporated into an apparatus by Seevers and 
Stormont. The design is primarily for rapid and accurate 
work on a large number of samples. The use of a hori- 
zontal gas burette eliminates the tedious raising and lower- 
ing of the mercury column. The apparatus as described 
by Seevers and Stormont follows: 

The details of the microburet, drawn to scale, are 
shown in Fig. 448. The whole unit is rotated around the 
horizontal axis of the capillary on the bearings, VAT, by the lever, P, The unit 
may be easily removed from the bearings, for cleaning the buret, by release of 
the thumbscrews. The extent of rotation of the unit is limited by the adjust- 
able stop H to prevent damage to the capillary arm. This arm is further pro- 
tected by the support I. 

The microburet is of 0.66 mm. capillary Pyrex tubing, fused to a 2 mm. 
capillary at the manipulator end to prevent the accidental aspiration of the 
sample into the manipulator reservoir. The portion of the capillary used for 
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volume measurements has a capacity of 0.18 ml, and is enclosed in an ordinary 
50 ml. buret with scale divisions which completely encircle the buret to prevent 
parallax. Both capillary and reading buret are further enclosed in a heavy 
glass water jacket which fits snugly into a rigid brass tube, threaded at both 
ends for the brass end caps and cut away on both sides, as indicated, to allow 
for reading of the buret. The glass parts are thus held rigidly in place between 
two rubber gaskets when the end plate nearest the buret tip is screwed into 
place. Manipulation of the thumbscrew R results in pressure on the 18-gage 
Allegheny metal diaphragm L and activation of the mercury thread. The 
metal diaphragm is much superior to any of the numerous contrivances which 
the authors have utilized to activate the mercury thread, since there are no 
parts to replace and hysteresis is reduced to a minimum. 

The manipulator reservoir is machined from a steel block, open at the end 
to receive the plate T which may be conveniently removed to allow for cleaning 
of the capillary. A thin cardpaper gasket, saturated with de Khotinsky wax, 



Fig. 448. 


and sealed into place after warming the metal parts, effects a mercury-tight 
union of both the end plate and the diaphragm with the reservoir. In as- 
sembling, the capillary tube is inserted through the unit and spaces VV are 
filled with sealing wax over a rubber gasket. Mercury is introduced into the 
apparatus through the opening at the top of the manipulator reservoir and 
sealed with a tight-fitting needle valve. As indicated by the arrows in the 
diagram, water from a constant- temperature bath circulates by gravity feed 
between the capillary and the reading buret and returns to the outlet through 
the space between the reading buret and the outer jacket. It empties into a 
reservoir from which it is elevated to the bath by a water pump. Forced 
pumping through the apparatus results in so much bubbling as to make reading 

difficult. . . v 

The relation of the microburet to the absorption reservoir is shown m 
Fig. 449. 

By rotation of the buret unit around its horizontal axis, the buret tip 
introduced into any capsule of either the sample carrier N or the capsule holder 
Q, since the latter two have not only a vertical axis of rotation, but are free to 
describe an arc around their respective supporting rods. 
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Absorption of the various constituents is accomplished in the four capsules 
in the holder Q, which is shaped like a segment of a circle to allow vertical pas- 
sage of the bead holders when the capsules are turned toward the buret tip. 
The four capsules are held in the same horizontal plane by the stops A, The 
capsules in this holder, as in the carrier, are held firmly in place by a coiled 
spring and ball bearing W. The authors have found this to be a most satis- 
factory method of holding the capsules firmly and BtUl allowing for easy 



X' 


Fia. 449. 

removal. Steel forceps made from a sponge clamp are used to handle the 
capsules, which are filled by slowly inverting under mercury before insertion 
into the holder. Care must be exercised to prevent small air bubbles from 
adhering to the walls of the capsule during this procedure. 

The interchangeable bead holders are of glass tubing fastened int6 the metal 
shank with wax, or preferably an adjustable rod of stainless steel fastened to 
the bead'holder arm by means of a set screw. The platinum tip is of sufficient 
length that the glass portion of the holder does not enter the sample. The 
bead holders are of uniform size and shape and held in fixed position by two 
pins upon the cross arm T (Fig. 44J) which is raised or lowered by the rack and 
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pinion. It is thus possible to insert four beads into the absorption capsules 
without any bead coming in contact with the inner surface of the capsules. 
As reported repeatedly, such an occurrence ruins the analysis. The level of the 
mercury in the reservoir may be changed by raising or lowering the Bakelite 
block K, This provision is necessary in order to maintain a constant level of 
mercury in the reservoir, and is shown by the ivory tipped indicator at M, 

Preparation of Samples. — All samples must be dried before analysis and the 
burette must also be kept free from moisture. It has been found that the 
normal vapor pressure of water does not exist in such small gas volumes. The 
dry wall*of the burette absorbs moisture and erratic results are thus obtained 
in the analysis of samples containing moisture. 

The Preparation of Beads. — (1) Beads of solid reagent are prepared unless 
otherwise stated, by melting the material and taking it up in a small loop of 
platinum wire. The platinum wire is sealed into a glass holder as shown in 
Fig. 445. 

(2) Beads for liquid reagents are made by taking soft glass 100-150 mesh 
and heating it carefully until it just begins to fuse. It is shaped to a sphere of 
approximately 2 mm. diameter. This is then attached to a straight platinum 
wire by heating the wire and letting the end of it become embedded in the 
bead. The pores of the bead are filled when it is dipped into a liquid reagent. 

Swearingen, Gerbes and Ellis made a bead for liquid reagents by taking a 
mixture of 70% grog and 30% kaolin. The grog, ground porous earthenware, 
is sifted to a uniform size, passing 120 and retained by 140 mesh screen. The 
kaolin should pass 200 mesh. The consistency of the mixture should be such 
as to allow it to be dipped up with the platinum wire loop in order to get a 
smooth surface. The bead is baked in a flame for a few minutes and is then 
ready for use. 

Operation of Apparatus. — The operation of the apparatus, Fig, 445, ^ 
described by the authors is given below taking the determination of oxygen in 
dry air as an example. 

Specific Determinations: Oxygen . — First the containers// and J are filled 
with mercury. This is done by placing a glass tube, which has been drawn out 
to a capillary and properly bent, so that its end will go down into the reservoir 
G and up to the top on the inside of the containers. If the containers are clean 
and have a top of smooth curvature all the air can be drawn out with ease. The 
high surface tension of mercury facilitates this. Several hundred cubic milli- 
meters of the air are introduced into //, This constitutes the sample for analy- 
sis upon which several determinations presumably are to be made.^ If a 
Toepler pump is used for the purpose of introducing samples, its outlet is bent 
in the same manner as the tip of the buret and placed permanently in positmn 
in the reservoir and at the same height as the buret tip. The rotating table 
M is mounted on an adjustable arm so that the containers can not o^y rotate 
completely around the central shaft but may be moved to any desired position 
within the reservoir. Accordingly, the outlet for the Toepler pump may be at 
the back side of the reservoir and a container can be moved over its tip and 
filled. : ^ 

The next step is to obtain a known volume for analysis. By means of the 
screw B all of the air in the buret is replaced by mercury. The tip must be 
under the surface of the mercury in G while this is done, otherwise when it is 
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submerged it will invariably carry a small air bubble with it. U is now placed 
directly over the tip, and by lowering the table f , the tip is brought into the 
gas sample. By means of B a portion of the sample is drawn into the buret. 
The volume ordinarily taken varies from 25 to 100 cu. mm. depending upon the 
total amount available and the subsequent treatment to which it is to be sub- 
jected. The table is then raised so that the level of the mercury in the reservoir 
is on the level with the uppermost calibration mark in the water-jacketed part 
of the buret. By further unscrewing the gas, followed by a thread of mer- 
cury, is brought into the calibrated portion for measurement of its volume. 
When its upper level is at the same height as the surface of the mercury in the 
reservoir, it is then theoretically under atmospheric pressure. However, the 
apparent pressure in the buret may be considerably in error, owing to the fact 
that mercury has a tendency to stick to clean dry glass. If no precautions are 
taken two subsequent volumes on the same gas sample may be obtained which 
vary as much as 1% from one another. To reduce this source of error two ex- 
pedients are used. First, the buret is gently tapped with the finger as the gas 
is being brought to the desired position. Second, five independent readings 
are always recorded and the average taken in calculating the volume. These 
precautions reduce the probable error in all cases below 0.2%. 

After the volume readings for the run have been recorded along with temper- 
ature and barometric readings, container J is brought over the buret tip and 
the gas in the buret expelled into it. The gas is now ready to have the oxygen 
absorber introduced. The removable holder L has a platinum loop sealed in 
its tip. In this loop is fused a small bead of yellow phosphorus. The fusion 
may ordinarily be done by placing a fresh piece of phosphorus in the loop by 
means of forceps and then holding it over a warm resistance coil or even in the 
sunlight. By quickly removing when fusion occurs and placing it under the 
mercury, spontaneous combustion may be avoided. In any case it should not 
be allowed to remain in the air any length of time, for the moisture of the air 
along with oxygen causes a film of phosphoric acid to coat the bead, thus making 
it a much slower absorber. As shown in Fig. 445, the holder is placed in the 
guide K. The container J is brought into position and the phosphorus intro- 
duced into it. In this operation care must be taken not to allow the glass of 
the holder h to touch the walls of the container. It has been found that a cold 
tube introduced into mercury in this way is coated with a film of air, part of 
which will be imparted to the walls of / if contact is made between the two glass 
surfaces. On this account the guide is necessary for the introduction of the 
absorber up the center of the container. The height of K is also arranged so 
that only the phosphorus bead and a little platinum wire enters the gas bubble. 

Fifteen minutes has been found sufficient time to allow for complete absor;^ 
tion in practically all cases. However, absorption to constant volume ^ 
practiced. After absorption has occurred and the absorbent removed, the tip 
of the buret is brought to the top of the container (more accurately, the top of 
the container is brought to the buret tip) and the residual gas taken into the 
buret. With the proper manipulation of E and M this operation presents 
no practical difficulties. If the entire gas bubble is not drawn into the buret 
intact the first time, it need only be driven back into the container and the 
process repeated. The experimenter soon acquires skill in this regard. The 
volume of the residual gas is now measured and the temperature and the 
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barometric pressure again recorded. The absorption process is repeated for 
5 minutes more, and if no further reduction in volume occurs, all data necessary 
for the simple standard method of calculation of the determination are complete. 

Notes. — (1) The bead of yellow phosphorus as prepared by Swearingen, Glerbes 
and Ellis gives very rapid absorption. The presence of moisture gives a film of 
phosphoric acid. To remove this, the bead is washed in water, then alcohol and then 
dried in a stream of natural gas 

(2) The operation of the apparatus of Seevers and Stormont differs only slightly 
from that outlined above, and such variation may be seen from a study of the drawing, 
Fig. 448 and Fig. 449. 

Water Vapor* — A bead of fused phosphorus pentoxide is used. It is pre- 
pared over a glowing electric coil. A flame should not be used because of the 
moisture generated by it. 

Carbon Monoxide * — Specially prepared dry silver oxide is used. It is pre- 
pared by means of a strong base and thoroughly washed by decantation. 
While still somewhat moist the solid is compressed into pellets by applying a 
pressure of 6000 lbs. per square inch. The pellets are allowed to dry at room 
temperature. They should not be unduly exposed to air as they take up 
carbon dioxide. The tip of a straight platinum wire is dipped in a concentrated 
solution of sodium silicate and then touched to a piece of regular shaped silver 
oxide 1.5 ram. in diameter. The cement is dry in 10 minutes. Absorption 
of the carbon monoxide is complete in 10 minutes. No volatile products are 
formed, so no follow-up absorbent is required. 

Ethylene * — The sintered glass bead is dipped slowly into fuming sulfuric 
acid. The space in the bead becomes filled with liquid and the air is forced out. 
The bead is wiped with a piece of filter paper to remove excess acid from the 
exterior surface, and then introduced in the usual way into the gas sample. 
After 2 minutes the acid is removed and a slightly moist potassium hydroxide 
bead is added to take up the sulfur trioxide vapor. This absorption is also 
very rapid. After another 2 minutes the bead is removed and the decrease 
in volume of the sample due to the presence of unsaturated hydrocarbons is 

measured. -j • » 

Acetylene.— k stiff paste is made by moistening cuprous cWonde with a 
dilute potassium hydroxide solution. This is molded in the platinum loop and 
heated gently until dry, care being taken not to heat the solid until it turns 
dark in color. This bead gives complete absorption of the acetylene contained 
in an average sample in 5 minutes. The copper acetylide formed becomes an 
integral part of the solid bead and does not contaminate the mercury as it is 
being removed from the reacting system. The potassium hydroxide takes up 
all of the hydrogen chloride or water vapor formed, so that the decrease in 
volume gives directly the amount of acetylene which is present. 

Hydrogen Chloride, Sulfur Dioxide, Sulfur Trioxide, Hydrogen Cyanide, 
Carbon Dioxide*— (1) May be absorbed by using a bead of fused potassium 
hydroxide which, before use, is allowed to absorb moisture from the air. 

(2) Or, by using a sintered glass bead and a concentrated solution of 
potassium hydroxide. The water vapor pressure over this absorbent is negli- 
gible. 2 minutes are required for either method. 

^ Ind. Eng. Chem., Anal. Ed., 5, 369-70 (1933). 



2544 QUANTITATIVE MICROCHEMICAL ANALYSIS 

Ammonia, — (1) By means of a moistened phosphorus pentoxide bead. 

(2) By a sintered glass bead using concentrated sulfuric acid. The absorp- 
tion is rapid. The results are high by 0,25% from theory. 

(3) By means of a potassium bisulfate bead. After dipping the loop in the 
molten bisulfate, the bead is moistened with water and dried in order to leave 
a surface coated with many fine crystals. 

Nitrogen — Inert Gases, — All such gases are determined by difference. 

Acetaldehyde and Vapors of Similar Compounds. — A solid potassium hy- 
droxide bead is used. This polymerizes the aldehyde to a resin-like substance 
which adheres to the bead. 

The "Determination of Combustible Gases. — Only fair results with small 
samples are obtained by analyzing such gases using the familiar explosion 
method. For this method to operate, the mixture must be adjusted rather 

critically. Blacet and Volman have 
developed a method whereby the reac- 
tion is carried out on a hot surface 
placed in the system. This was accom- 
plished by a platinum loop shown in the 
operating position, Fig. 450. 

The mounting for the platinum is 
made from a piece of soft glass tubing of 
the same length and diameter as an 
absorbent holder. A 7 cm. length of 24- 
gage platinum wire was placed in the 
tube in such a manner that about 1 cm. 
of it extends beyond one end of the 
tube. Starting at this end, a narrow 
portion of the tubing is heated carefully, 
so that a fusion of glass to platinum 
occurred. By slowly moving the tube 
through the flame the platinum wire is 
encased in glass 'for a length of about 5 
cm. It is important that no air bubbles 
be trapped in this process. The glass 
and wire are then bent to assume the 
shape shown in the diagram. 

The exposed platinum is bent so 
that the top of the loop is about 1 mm. 
abpve the end of the glass and the tip of 
the loop can be immersed in the mercury 
within the gas holder. The top of the loop is worked down for a distance of 1 
mm. by careful filing and the use of OrQ|Us cloth, until the cross section is 
approximately one-third of the original. J^macing a small amount of mercury 
in the unconstricted portion of the mounti^felectrical contacts can be made, as 
indicated. The large mercury reservoir seihres to complete the circuit. 

In the use of this combustion coil, it is found convenient to have available 
an electrical potential of about 10 volts and to regulate the glow of the coil by 
means of a slide wire rheostat placed in the circuit. 

Ind. Eng. Chem., Anal. Ed., 0, 44-5 (1937). 
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Nitrous Oxide . — A measured volume of pure hydrogen is added to the 
sample and the combustion coil placed in position as shown in Fig. 450. After 
adjusting the coil so that a small amount of the glass insulation appears aboye 
the mercury surface, the current is turned on and regulated until the thin por- 
tion of the platinum wire appears reddish orange in color. Complete reduction 
takes place in 4 minutes. The coil is removed and a bead of fused potassium 
hydroxide introduced to remove the water vapor. The volume decrease is a 
direct measure of the amount of nitrous oxide originally present. 

Methane . — The procedure is the same as above except oxygen or carbon 
dioxide free air is introduced. After the water vapor has been removed the 
carbon dioxide produced is determined in the usual way and represents the 
amount of methane in the original sample. 

Hydrogen-Oxygen . — Hydrogen may be determined by the use of oxygen 
and vice versa, by using the combustion method described above. 

A bead made by fusing together cupric oxide and potassium hydroxide can 
also be used for the rapid and complete absorption of hydrogen. The reagent 
is prepared by first fusing the oxide in the platinum loop and then touching the 
molten mass to an approximately equal amount of the solid hydroxide. The 
two substances coalesce and, after cooling, a smooth dark blue bead results. 
By heating the gas sample in the presence of this solid, hydrogen is rapidly 
oxidized and the water formed in the reaction is absorbed at the same time. 
The decrease in volume represents directly the amount of hydrogen in the 
sample. The total absorption time will not exceed 15 minutes. 

Note. — The method of surface combustion cannot be used if the time for the reaction 
to go to completion causes oxidation of the mercury. There is some evidence for this 
at the end of 15 minutes. 


Key References to Additional Applications and Methods 

References are given below to micromethods and determinations which 
will be of value to those working on special problems. Bibliographies, together 
with brief details of the procedures on sj^cific determinations, appear frequently 
in the volumes of Mikrochemie and Mikrochimica Acta. 


Applications of Microanalysis 

1. Applications of MicrocLTuilysis to AgriculluTol Inuiusivies. de SaintrRat IV Congr. 
intern, tech. cUm. ind. agr. Bruxelles, 2, 80-101 (1935). 

2. The application of microanalysis to the analysis of c(m^cial w^uc^ is care- 

fully reviewed by Edmund Grundsteidl (Mikrochemie, 16, 247-320 (1934)). Papers are 
reviewed which appeared from 1918 to 1928. i • i i-x * 

Mikrochemie beginning volume 14 (1933-34) reviews the mcrochemical literature 
for the preceding year and has a section on technical analysis. This supplement appears 
regularly with each volume. 

3. Mineral Analyses. Microanalysis of Silicates.— D^rmination of Iron, Alu- 

minum, Magnesium, Calcium, Titanium and Manganese (Preliminary announcement). 
Ivarl Schoklitsch, Mikrochemie, 20, 247-53 (1936). i f n « 

Microanalyste of Monazite.-A method for the of small quantities of 

monazite. Hecbt and Kroupa, Z. anal. Chem., 102, 81 99 (1935). 

4. Microchemical Analysis of Steel Determination of Manganese. Andre Leroy, 
Bull. Soc. Chim, (6), 3, 11^ (1936). 

, 5. PhoUmetric Microandyn^ of Mikrochemie, 10, 483-504 

(1931-32); 11, 37-60 (1932); 13, 31-54, 201-224 (1933). 
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special Methods of Analysis 

1. QuarUitative Analysis of Unweighable Amounts of Material. F. Emich, Mikro- 
chemie, 13, 283-288 (19^), Suggestions are made as to the use of an “enlargement” 
process whereby the final factor for calculation may be increased, ^veral examples 
together with possible methods are given, 

2. The Heyrovsky Polaro^aph. The principle is not new but the design of the 

apparatus and method of analysis was developed by J, Heyrovsky of Charles University, 
Prague. ’ 

By using a dropping mercury cathode and by constantly increasing the voltage to a 
sample in solution, a point is reached, characteristic for each reducible compound, where 
the intensity of the current suddenly increases. The intensity varies wdih the concen- 
tration of the substance. Only a few drops of solution are required and the sample is 
not destroyed by the analysis. While the method is not recommended as a routine 
procedure of general application it has been found useful, by workers in this country and 
abroad, in the study of special problems dealing with the quantitative analysis of traces 
of metals, and some inorganic and organic radicals. The usual limit of sensitivity is 
0,0001 mg. A study of the method has been made at the University of Wisconsin, and 
numerous references to the method appear in the literature. A booklet, “Chemische 
Analysen mit dem Polaragraphen’’ by Dr. Hans Hohn, published by Jifiius Springer, 
Berlin (1937) deals with the polarograph and its practical applications in a very thorough 
manner. 

3. The Use of Fluorescent AnaZj/sis in MxchTockemistnj. Max Haitinger, Mikro- 
chemie, 16, 321 (1934-35), 

Physical Methods 

1. Microcalorimetry. Brian Whipp, Phil. Mag., 18, 745-59 (1934). Determina- 
tion of of Combastion with the Microbomb. J. J. Vrigling, Chem. Weekblad., 32, 
20-2 (1935). Researches on Calorimetry. Generalization of the Method of Electrical 
Compensation.^ Micro calorimetry. A. Tian, J. chiin. phys., 30, 665-708 (1933). A 
Serai microcalorimeter for Measuring Heat Capacities at Low Temperatures. Daniel 
R. Stull, J. Am. Chem. Soc., 59, 2726-33 (1937). 

2. Density. Micro pycnometer Method for Density Determinations. G. R. Clemo 
and A, McQuillen, J. Chem. Soc., 1220 (1935). Micro Etensity Determination of Solids 
and Liquids. Eugene W. Blank and Mary L. Willard, J. Chem. Ed., 10, 10^12 (1933). 

3. Distillation. Microanalytical notes: 1. Some Improvements in Methods of 
Dealing with Small Quantities of Liquids and Precipitates. B. L. Clarke and H. W. 
Hermance, Mikrochemie, 18, 289-298 (1935). This deals with improved methods of 
filtration, evaporation and distillation. Fractional Distillation of Extremely Small 
Volumes of laquids. Benedetti-Pichler and Rachele, Mikrochemie, 19, 1-5 (1935). 
Separates 10 cu. mm. into fractions of 2 cu. mm. Microdistillation of Liquids. A 
Microdistillation Apparatus. Lyman C. Craig, Ind. Eng. Chem., Anal. Ed., 8, 219-20 
(1936). Isolation from Human Tiasues of Ea.sily Volatile (^ganic Liquids and their 
Identification. A, 0. Gettler and H. Siegel, Arch. Path., 19, 20^12 (1935). Micro- 
fractionating Column for Liquids Having Low Heat of Vaporization. Paul E. Weston, 
Ind. Eng. Chem., Anal. Ed., 5, 179 (192S). 

4. Extradion. Micro Fat Extraction. Microextractor. L. Titus and V. W. 
Meloche, Ind. Eng. Chem., Anal. Ed., 5, 2S6-S8 (1^), 

5. Microre^aclometer. A mierorefractometer (for liquids) and its use in chemical 
microscopy. E. E. Jelley, J. Roy. Microscop, ^c,, 54, 234-45 (1934). 

6. Viscosity. Microviscometer. F. M. Lidstone, J. Soc. Chem. Ind., 64, 189-90 T 
(1935). Viscosity Determinations with 8m^ Amounts of Material. Otto Merz, 
Farben. Ztg., 37. 1191^-3 (1932). A Microsaybolt-type Viscometer. Stuart M. Rogers 
and Linden R. Adkins, Ind. Eng. Chem., 20,742 (1928). 

Determination of Organic Radicals 

1. Carbonyl Group. Microdetermination of Carbonyl Groups. F. Frhr. v. Falken- 
hausen, Z. Anal. Chem., 99, 241-57 (1935). 
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2. Carhoxyl. A Micro Method for the Determination of Carboxyl Groups in 
Organic Acids. Taurumi and Sasaki, Science Repts. Tokohu Imp. Univ., 1st Sen, 19, 
681-8 (1930). They employ a micromodification of the macro procedure of Hurter 
and Edward, J.A.C.S., 35, 452-61 (1913). 

3. Active Hydrogen. A. Soltys, Mikrochemie, 20, 107-125 (1936) (Mikro-Zere- 
witinoff). P. M. and G. F. Marrian, Biochem. Jr. London, 24, 746 (1930). H. Roth, 
Microchemie, 11, 140 (1932). Micro Determination of Active Hydrogen with Deu- 
terium Oxide. R. J. Williams, J.A.C.S., 58, 1819-21 (1936). 

Fats: 

4. Mifrodetermiinxiion of the Reichert-Meissl-Wollny, Poltnkske and New Kirschner 
NumberSj H, Vasbinder, Pharm. Weekblad., 71, 1193-7 (1934). 

Methods of Analysis for Specific Compounds or Elements 

1. Aluminum. A. Benedetti-Pichler, Mikrochem. Pregl Festschr., 9-13 (1929) 
(gravimetric determination). 

2. Benzene. A Micro colorimetric Method for the Determination of Benzene. 
Pearce, Schrenk and Yant, Bur. of Mines, Report of Invest. No. 3287 (1935). 

3. Microcolorimetric Determination of Benzene in Blood and Urine. Pearce, Schrenk 
and Yant, Bur. of Mines, Rept. of Invest. No. 3302 (1936). 

4. Bismuth. The Micro-electrolytic Determination of Bismuth and Lead and their 
Separation by Graded Potentional. A. J. Lindsey, Analyst, <50, 744^ (1935). Micro- 
determination of Bismuth as Bismuthyl Iodide, Hecht and Reissner, Z. Anal. Chem., 
103, 283-8 (1935). 

5. Calcium. Microdetermination of Calcium in Sea Water. Kirk and Moberg, 
Ind. Eng. Chem., Anal. Ed., 5, 95-8 (1933). 

6. Microdetermination of Carbohydrates. Collected References. I. Z. Dische, 
Mikrochemie, 10 , 127-187 (1931). Collected References. II. A. Wasitzky, Mikro- 
chemie, 16 , 87-114 (1934-35). The above references bring the subject up to 1934 and 
also outline the various procedures. 

7. Palladium. Microanalytical Determination of Palladium by Means of Dimethyl- 
glyoxime, Methyl Benzoylglyoxime and Salicylaldioxiine. H. Holzer, Z. anal, chem., 
95, 392-400 (1933). 

8. Platinum and Iridium. Microdetermination of Platinum and Iridium and of 
Associated (Chloride and Potassium. Drew, Treso and Wyatt, J. Chem, Soc., 1787-90 
(1934). 

9. Toluene. A Microcolorimetric Method for the Determination of Toluene. Yant, 
Pearce, Schrenk, Bur. of Mines, Rept. of Invest. No. 3323; 311 (1936). 

10- Zinc. Micromethods for the Determination of Zinc. P. L. Hibbard, Ind. Eng. 
Chem., Anal. Ed., 6, 423-4 (1934). 
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Metallography is that branch of the science of metallurgy which treats of 
the constitution and internal structures of metals and their relations to the 
physical properties. The success of its application to the examination of 
metals or alloys is dependent to a great extent not only upon a knowledge 
of their chemical composition, method of manufacture, and mechanical or 
thermal treatment, but also on the fundamental laws which relate to their 
fusion and solidification and the internal changes which occur while whole or 
partly solid. 


THE MICROSCOPE 

The application of the compound microscope to the study of opaque 
objects examined by reflected light introduces conditions somewhat different 
from those where thin transparent sections are used. The fundamental la\vs 
pertaining to the manipulation and use of the microscope are, however, appli- 
cable in either case. 

There are two methods of illumination: (1) normal or vertical illumination 
in which the light is directed on to the specimen at right angles to its surface; 
(2) obliqtte illumination in which the light is directed obliquely to the specimen 
from a source outside the lenses of the instrument. Fig. 451 is a sketch showing 
the two methods. 



Oblique illumination is the simplest because no special attachments to the 
microscope are necessary, but it is valuable only when low magnifications 
are used and where it is a question of examining small difference# in level 
on the polished and etched surface. Vertical illumination is the method more 

' Chapter by Joseph Winlock, Chief Metallurgist, Edward G. Budd Manufactur- 
ing Co. 
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commonly used. In this system the light enters the instrument through 3 ,n 
aperture in the side of the tube and strikes a disc of glass set at an' angle of 
45 degrees which reflects the light downward to the specimen. The light 
reflected by the surface of the specimen then passes upward through the disc 
and forms the image. If desired, a totally reflecting prism may be used instead 
of the plain glass disc.^ 

The choice of lenses depends upon the character of the metal and upon 
the magnification desired, but for ordinary work the following types ^ are 
suggested as being suitable: 

(а) !^or magnifications from 0 to 10: a photographic lens of approximately 
72 mm. focal length to be used without ocular, 

(б) For magnifications from 10 to 30; a photographic lens of approximately 
35 mm. focal length to be used without ocular. 

(c) For magnifications from 30 to 75; an achromatic ^ objective of approx- 
imately 32 mm. focal length with Huyghens ocular (approximately X 5), 

(d) For magnifications from 75 to 150: an achromatic objective of approx- 
imately 16 mm. focal length with Huyghens ocular (approximately X 5) . 

(e) For magnifications from 150 to 1000: an apochromatic ^ objective of 
approximately 4 mm. focal length with an ocular compensated for apochromatic 
objectives. 

The magnifications in microphotography should be accurately determined 
by measuring the image of a stage micrometer scale and not by calculations 
from lens combinations and projection distances. 

In order to overcome slight degrees of chromatic aberration even in apo- 
chromatic objectives, the use of monochromatic light is preferable and for 
this purpose the light before reaching the specimen should be allowed to pass 
through a colored glass screen. Filters having a dominant wave-length of 
5500 A. U. (i.e., yellowish green) are very satisfactory for general use. In 
very high magnification a violet or blue filter is recommended. 

2 A slight degree of oblique illumination may be obtained by rotating the reflector 
of the vertical illuminator. 

’ It should be borne in mind that increasing the magnification by inerting the 
bellows length of the camera adds nothing to the detail of micrograph. This depends 
for the most part upon the resolving power of the objective used. See also Patterson, 
W. L., Trans. A. S. S. T., Vol. 11, No. 2, Sept., 1921. 

* Achromatic lenses are those corrected for two colors, 

^ Apochromatic lenses are those corrected for three colom. 
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PHOTOGRAPHIC MATERIALS 

A medium speed, moderately fine-grained orthochroma tic photographic 
plate such as Eastman's Wratten and Wainwright Metallographic Plates 
should be used. In order to bring out the details of the structure, a printing 
paper wth a glossy surface should be used, e.g., Eastman's Regular Glossy 
Velox. The maximum degree of gloss may be obtained by drying the prints 
on “ferrotype'' plates which have been previously wiped with a solution of 
paraffin in benzol and then polished with a clean dry cloth. 

Complete directions regarding the process of developing and printing are 
furnished with each^box of plates and paper and for the best results should 
be rigorously adhered to. 

Full information regarding magnification, type and kind of ocular and 
objective used should accompany each photomicrograph. 


PREPARATION OF SPECIMENS FOR MICROSCOPICAL 
EXAMINATION 

The sample chosen for microscopical examination should be as characteristic 
of the specimen it represents as is a sample for chemical analysis — the size 
and location depending upon, the nature of the article to be examined. Samples 
of rolled objects, for example, are usually taken so that the surface examined 
is longitudinal to the direction of work. For convenience in handling, a 
sample from ^ to f inch square and \ of an inch thick is best. 

Soft metals may be cut with a hand or power hacksaw and hard material 
by means of a thin emery disc or broken with a hammer. Great care should 
be taken at all times to prevent the metal from becoming unduly heated during 
the cutting operation on account of the change in structure which might 
result. If the sample is small, such as wire or thin sheets, some sort of mounting 
device such as a clamp or small container filled with a low melting alloy * in 
which the sample may be imbedded is desirable. If the edge of the sample is 
to be examined, it is sometimes convenient — particularly with iron and steel — 
to plate the sample with a thin coating of copper to prevent the edges from 
becoming rounded off during the grinding and polishing operations. 

The coarse scratches caused by the saw or emery disc are removed by 
grinding on a fine grade emery wheel such as alundum grade 80 P revolving 
at a speed of approximately 1000 r.p.m. From the emery wheel ’’ the sample 
is taken to a canvas-covered disc revolving at a speed of about 400 r.p.m. 
armed with flour emery suspended in water. 

•A very satisfactory alloy melting at about 50“ C. can be made up as follows: 
Lead 30 grams, bismuth 50 grams, tin 25 grants, and zinc 3 grams. 

Between each grinding or polishing operation the sample should be thorousiwy 
washed in water. Subsequent polishing scratches should always be at 90® to those 
immediately preceding. 
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Mechanical polishing is generally much more convenient and satisfactory 
than hand polishing. For mechanical polishing a disc of any convenient size 
covered with a fine-grade broadcloth and revolving at about 400 r.p.m, has 
been found to be suitable. Jeweler^s rouge or levigated alumina are the 
principal powders used. The 6-hour alumina is a rapid polishing powder and 
is used on steel and hard materials. Two ounces of the powder are taken for 
100 ounces of distilled water. The 12-hour alumina is more comparable to 
jeweler's rouge and is generally preferred. It is particularly useful for the 
non-ferrous alloys such as brass, bronze, German silver, etc. One ounce of 
the povTder is taken for 100 ounces of distilled water. The 24-hour alumina 
is very fine and is therefore used only in special cases such as preparing sections 
for examination under high magnifications or for polishing very soft alloys. 
Six-tenths of an ounce of the powder are taken for 100 ounces of distilled water. 
Certain alloys, such as those rich in lead, become tarnished if water is used for 
polishing in which case the water should be replaced by alcohol or a thin oil. 

With hand grinding and polishing, the sample is rubbed on each of the 
following emery papers in the order given: 

1. Rough commercial No, 0. 

2. Smooth commercial No. 00. 

3. French-Hubert No. 0, 

4. French-Hubert No. 00. 

5. French-Hubert No. 000. 

Final polishing may be conducted on a block of wood covered with broad- 
cloth armed with jeweler's rouge or levigated alumina. 

After grinding and polishing, the samples should be carefully washed in 
alcohol and dried in an air blast or 'with a soft cloth. They should be kept 
in a desiccator until ready for microscopical examination. 



Fig. 452. Equipment for Photomicrograph. (Courtesy of Bausch & Lomb.) 
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ETCHING SAMPLE FOR EXAMINATION 

There are occasions when the sample is examined without etching, e.g., 
if the metal is thought to contain an excessive amount of dirt, slag, or other 
non~metallic inclusions. The graphite in gray cast iron or malleable castings 
or manganese sulfide in steel, etc., may also be seen before the sample has 
been etched. 

In the majority of cases, however, some suitable etching medium is employed 
to reveal the internal structure by differentially attacking the constituents 
or crystalline grains of the metal. A few of the more important ‘etching 
reagents are given in the following list. 

Nitric Acid and Alcohol. — A 3% alcoholic solution of nitric acid is used 
for etching plain carbon, alloy steels and cast iron. The sample is dipped in 
the solution from two to ten seconds, washed in alcohol and dried in air blast 
or with soft cloth. 

Picric Acid and Alcohol. — A 5% alcoholic solution of picric acid is also 
used for steels and has been found especially valuable in revealing the structure 
of pearlite and sorbite. 

Concentrated Nitric Acid (sp.gr. 1.42) (after Sauveur). — Used for etching 
iron and steel. Sample is dipped in acid where it assumes the passive state. 
Then held in stream of running water causing it to be momentarily vigorously 
attacked. It is then washed in alcohol and dried. 

Sodiiun Picrate. — Solution made by adding 2 parts of picric acid to 98 
parts of a solution containing 25% of caustic soda. Sample is immersed from 
4 to 6 minutes in solution heated to boiling, then washed in alcohol and dried. 
Colors cementite black, leaving ferrite unaffected, 

Yatsevitch’s Reagent. — Ten milliliters of hydrogen peroxide added to 
20 milliliters of a 10% solution of sodium hydrate in water. Sample is im- 
mersed from 10 to 20 minutes in solution, washed in alcohol and dried. Re- 
agent should be prepared fresh every day. Used for high-speed steels, coloring 
the special carbides brown or black. 

Le Chateiier No. 1 . — 200 ml, methyl alcohol, 20 ml. distilled water, 4 ml. 
hydrochloric acid (sp.gr. 1.18), 2 grams cupric chloride, 8 grams magnesium 
chloride and 1 gram of picric acid. This solution is used to reveal the macro- 
structure (structure vi-silde to naked eye) and local segregations, particularly 
phosphorous. Sample is immersed in reagent until a thin film of copper has 
been deposited on entire surface. Copper then washed from specimen with a 
piece of absorbent cotton dipped in ammonia. Sample then washed in water, 
alcohol and dried. Operation is repeated until structure is plainly visible. 

Ferric Chloride (Moore and Gilligan). — 40 grams of ferric chloride, 3 
grams cupric chloride, 40 ml. hydrochloric acid, and 500 ml. of distilled water. 
The modus operandi is the same as with Le Chateiier No. 1. 

Ammonia. — Used for etching copper alloys, gun metal, bell metal, c^t 
bronze, etc. To 5 ml. of ammonia are added a few drops of hydrogen peroxide 
and applied to sample with a small wad of absorbent cotton. 
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EQUILIBRIUM DIAGRAMS 

The equilibrium diagrams are based on thermal and microscopical data 
and show the changes observed in many alloys of the same series « when 
passing from the liquid to the solid state (or vice versa) and, if any, those 
taking place after the metal has completely solidified. 

There are three main types of equilibrium diagrams relating to the solidi- 
fication of- metals and alloys, viz,, those binary alloys (1) whose component 
metals ^re completely soluble in each other when solid; (2) whose compo- 
nent metals are partly soluble in each other when solid; and (3) whose com- 
ponent metals form a definite compound. 



Figure 453 • shows the equilibrium diagram obtained by plotting several 
cooling curves of alloys whose component metals are completely soluble in the 
solid state. It will be noticed that the pure metals at each end of the series 
solidify at definite temperatures,^® and not over a temperature range as in the 
case of an alloy (the portion of curve 2 from A to B). 


® With the few exceptions where a pure metal is used, the metals or alloys used in 
commercial practice are composed chiefly of two elements. The other elements often 
added to impart special properties and those whose presence is due to the prohibitive 
cost of removal may be considered separately. 

® After Sauveur. , , j j. x j 

“Suffusion.” or undercooling may take place if the cooling is slow and undistu^ed, 
Surfusion or superfusion is the unstable condition of a body which, under certain 
conditions, e.g., slow and undisturbed cooling, may remain liquid after the temperature 
bas fallen below the freezing point. 
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The appearance under the microscope of alloys of this series is similar to 
that of a pure metal as in Fig. 454 which shows the structure of almost pure 
iron magnified 100 diameters. The photomicrograph shows a polygonal net- 
work, indicating that the metal itself is composed of irregular polyhedral 
crystalline grains, each polygon representing a section through a polyhedron. 
The dissimilarity in shade of the grains is due to the varying orientation of the 
different grains. 



Fig. 454. Photomicrograph of Almost Pure Iron Magnified 100 Diameters, 
Etched in a 4% Alcoholic Solution of Nitric Acid. 

The alloys of which this diagram is typica’ are those of gold and platinum, copper 
and nickel, gold and silver, etc. 

The equilibrium diagram, of alloys whose component metals are partly soluble in 
the solid state is shown in Fig. 455. 



Fio. 455. 

The portions at each end of the diagram appear similar to thaji shown m 
Fig. 453 of alloys whose component metals are completely soluble in the solid 
state whereas the middle portions show the diagram typical of those alloys 
whose component metals form a eutectic. A photomicrograph taken at C 
would appear as in Fig. 456.“ Here the metal in excess of the eutectic ratio has 

“ After Sauveur. 
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solidified first, forming the major portion of the alloy with the matrix composed 
of the eutectic of the two metals which solidifies along the line AB, At E 



Fig. 458. 


the structure would be composed entirely of eutectic as shown in Fig. 458. 
At D the reverse of the conditions appearing at C would have taken place 
and the structure would appear as in Fig. 457. 

The alloys of which this diagram is typical are those of silver and copper, 
lead and antimony, etc. 



Fig. 459. 

Eutectic (from the Greek tprijicro!, easily melting), the alloy of a certmn series 
possessing the lowest temperature of solidification. Their structures are made up ot 
alternate plates or “lamellae’' of the different constituents. 
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The equilibrium diagram of alloys whose component metals form a definite 
compound is shown in Fig. 459 — the definite compound being formed at C, 
If this diagram is divided into two parts at the line AB, it is noticed that 
each of the parts resembles Fig. 455. The diagram, then, resolves itself into 
two systems, viz., alloys of one pure metal and the eutectic of that metal and 
the definite compound of the two metals, and alloys of the other pure metal 
and the eutectic of that metal and the definite compound. 

The alloys of magnesium and tin form the de^ite compound of MgaSn, 

In addition to the phenomena observed in the transition from the liquid 
to the solid state, further changes occur in many alloys and upon which to a 
great extent their usefulness depends. These changes, usually accompanied 
by allotropic nr odifications and consequently accompanied by changes in 
physical properties, are also marked by evolutions of heat on cooling (absorp- 
tions of heat on heating) and are attended by variations in structure often 
readily discernible by means of a metallographic examination. It is due to a 
knowledge of the laws governing these modifications that it is possible to 
regulate and control the physical properties of an alloy by means of heat 
treatment. 



Fig. 460. 

w Auxitropt. a change in the properties of an element without change of state. 
Probably due to a change in the number or in the arrangement of the atoms in the 
molecule. Best defined by the example of the three allotropic forma of carbon, viz-, 
diamond, graphite, coke (amorphous). 
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The application of the principles of metallography in connection with 
only one of the commercial non-ferrous alloys will be discussed and in a general 
way due to the somewhat greater importance of iron and steel in the industrial 
world and because the metallography of iron and steel embodies in a greater 
degree all the principles found in the metallography of the non-ferrous alloys. 

Figure 460 shows the equilibrium diagram of the brasses, an examination 
of which will show that the shape of the liquidus and solidus curves is of the 
type indicating the formation of a solid solution, except that in this case 
there are several solid solutions occurring instead of one. Below the solidus 
the existence of several different constituents can be noted which are formed 
after the metal has solidified and known as alpha, beta and gamma, etc. 
There are, however, practically no commercial alloys containing more than 
60% zinc and so it is only necessary that attention be given to the alloys 
containing less than that amount. 



Fig. 461. Photomicrograph of Brass Cold Rolled and Annealed. Magnified 100 
diameters. Etched with ammonia and hydrogen peroxide. 

Here there are three solid solutions, alpha, beta and gamma. The color 
of the alpha brasses varies from a pale yellow to a yellowish red, the color 
becoming redder as the copper content increases. These brasses have moderate 
tensile strength, high ductility and are suitable for cold rolling. Figure 461 is 
a photomicrograph of a section of alpha brass which has been cold rolled and 
annealed. Alloys containing the beta solution are somewhat harder and when 
cold are much less malleable and ductile. Beta brass has a greenish-red color 
and is darkened more quickly by the etching reagents than the alpha variety. 
Brasses containing the gamma solution being very brittel are without mechan- 
ical value and are only employed for castings of a purely ornamental character. 

By regulating the amounts of copper and zinc and the temperature to 
which the alloy is heated and the rate of cooling from that temperature, the 
most advantageous properties of each of the constituents can be imparted 
to the metal. Mechanical working also improves the physical properties. 
Cither metals are often added to copper-zinc alloys to make the alloy more 
suitable for the purpose for which it is to be used, e.g., iron, manganese, and 
aluminum are added in small quantities and increase the tenacity of the 
alloys considerably. 

After Hof man. 
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mON-CARBON ALLOYS 

The equilibrium diagram of the iron-carbon alloys is shown in Fig. 462.‘^ 
By comparing the shape of the curves of the liquidus and solidus with those in 
Figs. 453 and 455, it may be seen that in the region embracing the steels, the 
alloys solidify as solid solutions; and in the region containing from about 2% 
to 5% carbon and in which fall the cast irons, a eutectic is formed Imme- 


Stee/s Casf Irons 



diately after solidification has taken place, the steels consist of a solid solution 
of carbon in gamma iron.^^ Gamma iron, then, will dissolve carbon until a 
total content of approximately 1.7% is reached at which point the solid solution 
becomes saturated and further increase in the amount of carbon results in the 
precipitation of the carbon in the form of the carbide of iron (FcaC) (called 
cementite) which forms a eutectic with the saturated austenite. At the point 
E the alloys solidify as 100% eutectic. With more than 4.3% carbon the 
constituent in excess of that necessary to form the eutectic is the carbide of iron. 

^ After Sauveur. 

” The division between the steel series and the cast iron series is a purely arbitrary 
one, but the fact that there are very few commercial products containing between 
1.7% and 2.5% carbon makes it a particularly convenient one. 

Many authorities define austenite as a solid solution of FejC in gamma iron. 
Recent research, however, on crystal structure founded on X-ray examinations shows 
that independent molecules of Fe»C do not exist in austenite. Z. Jeffries and R- 
Archer, Cnem. and Met. Eng., 24, 1057 (1921); 26, 249 (1922). 
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In Fig. 463 is shown on a larger scale the transformations which take 
place in the steels after the metal has solidified. The shaded portions indicate 
the intensity of the critical points. It may be seen that pure iron has two 
critical points on cooling to atmospheric temperature, one occurring at about 
900° C. and another at about 760° C. This indicates that iron exists in three 
allotropic forms — alpha, beta,^® and gamma. The point marking the division 
between gamma and beta iron is known as the Ar^ point and the point marking 
the division between the beta and alpha iron is known as the Ara point. As 
soon as any carbon is present, another point appears at about 690° C. (1274° F.) 
known a% the Ari point. When the carbon content reaches 0.4%, the two upper 



points merge forming a single point, Ars.j, which in turn^ 

carbon content with the Ari point forming the Arg.s.i point. hTom O.So/o 

carbon to about 2.0% carbon there are two points— the new point being 


known as the Arcm point. , , 1 1 .v i. u 

It may be seen that the shape of these curves closely resembles that shown 
in the diagram illustrating the general type of curve representing the formation 

There is much controversy as to the presence of f 

Some authorities contend that beta iron f 'i H Jnotinff the oresence 

modification has been noted as occurring at 1400° C. (2552 F.), denoting the presence 

in etc is the fi-t letter of the 

h^^te^^’ he tranefori^tion points occur at 
somewhat lower temperatures on cooling than on heating. 
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of a eutectic. On account of its analogy to this diagram as evidenced by the 
mechanism of the formation of the different constituents, . and the thermal 
phenomena noted, the laminated structure formed on cooling 0.85% carbon 
steel has been named eutectoid. 



Fig. 464. Photomicrograph of 0.40% Carbon Steel (Cast), Magnified 100 diameters. 

Etched in a 4% dcoholic solution of nitric acid. 

The four photomicrographs shown in Figs. 464, 465, 466, and 467 illustrate 
the structure of cast steel slowly cooled containing varying amounts of carbon. 

The black constituent in the above photomicrograph is the eutectoid of 
iron and the carbide of iron called ‘‘pearlite” because of its resemblance in 
color with the naked eye to mother-of-pearl; the white constituent is made 



Fiq. 465. Photomicrograph of 0.85% Carbon Steel (Cast). Magnified 100 diameters. 
Etched in a 4% alcoholic solution of nitric acid. 

up of the crystals of iron (in excess of the eutectoid ratio) and is called "ferrite.'* 
Pearlite is relatively strong and hard, whereas ferrite is weak and soft. 

Figure 465 shows the structure of slowly cooled steel which is made up of 
the single constituent pearlite, and Fig. 466 shows the same steel under a higher 
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magnification which brings out the characteristic laminations. In this photo- 
micrograph the white constituent is the cementite and the dark constituent 
is the ferrite. (The ferrite is dark here because of its greater solubility in 
the etching reagent than the cementite and is consequently thrown in shadow.) 
Cementite is hard and strong, but very brittle. 



Fig. 466. Photomicrograph of 0.85% Carbon Steel. Magnified 500 diameters. 
Etched with a 4% alcoholic solution of nitric acid. 

The excess constituent is cementite — the needle-like forms in the grains of 
pearlite and the white substance at the grain boundaries. 



Fio. 467. Photomicrogmph of 1.25% Carbon Steel (Cast). Magnified 100 diameters. 

Etched in a 4% alcoholic solution of nitric acid. 

The carbide of iron is an unstable compound and in the case of the cast 
irons at high temperatures is readily decomposed into graphite and iron. 
The reshlt of this decomposition is that when the iron has cooled to atmospheric 
temperature, part of the carbon is present as FeaC, and part as free graphite. 
Certain impurities as well as the rate of cooling influence the breakmg up of 
the carbide, e.g., silicon and slow cooling promote the formation of graphite, 
manganese and fast cooling tend to keep the carbon m the combined 
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condition. Figure 468 shows the structure of cast iron and explains why this 
metal is weak, lacks ductility and cannot be forged or hammered. The 
black plates of graphite break up the continuity of the mass rendering it soft 
and weak. 



Fig. 468. Magnified 100 diameters. 
Etched with a 4"% alcoholic solution of 
nitric acid. 



469. Magnified 100 diameters. 
Etched with a 4% alcoholic solution of 
nitric acid. 


If the percentage of silicon is low and the percentage of manganese is high, 
the carbon, in spite of a fast rate of cooling, will remain in the combined con- 
dition and the resultant product is “ white cast iron (so called from the 
apj^arance of its fracture as contrasted with that of ^‘gray’' cast iron). 
This metal although too brittle for commercial purposes is used for the pro- 
duction of the so-called malleable castings. Castings of this material are 
heated m large containers together with an oxidizing packing material to a 



Pw- 470. Magnified 100 diameters. 
Etched with a 4% alcoholic solution of 
nitric acid. 



Fig. 471. Magnified 100 diameters. 
Etched with a 4% alcoholic solution of 
nitric acid. 


high temperature for forty-eight hours or more, causing the carbide of iron to 
decompose into iron and graphite and a small amount of carbon to be removed 
from the surface. The graphite particles resulting from this decomposition 
due to their size and shape are less detrimental to the physical properties than 
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the plates present in gray cast iron. This may readily be seen in Figs. 469 
and 47h The dark constituent in Fig. 469 is pearlite and the white is the car- 
bide of iron. In Fig. 471 the black constituent is the graphite resulting from the 
breaking up of the FegC and the white the ferrite. 

Figure 470 shows the process only partly completed. The black areas are 
graphite, the lighter areas pearlite, and the white areas ferrite. 

INFLUENCE OF MECHANICAL WORK 

The purpose of hot work such as forging, hammering, etc., is to shape 
the metal into useful articles and to decrease the size of the grains which 
greatly improves the physical properties, increasing the tensile strength and 
elastic limit. The diagram shown in Fig. 472 depicts the influence of hot 
work on the structure of steel. While this is not strictly true for alloys other 
than steel, the same principles are involved. 



Fig. 472. 


As the steel solidifies at A (or is reheated to W after the steel has cooled) 
the crystalline grains of the solid solution increase in size as the temperature 
falls to the critical range. In order to reduce this growth to a minimum, work 
should be stopped just above the critical range. If the work is stopped at 
/ or/', a larger grain growth will result than if the work is stopped at f Work 
performed below the critical range when the metal is composed of an aggregate 
distorts the grains into elongated masses producing harniful internal strains. 

In Figs. 473, 474, 475 are shown the structure resulting from hot working 
steels of different carbon content. 

*“The term “Hot Work" as used here denotes work performed above the critical 
range and “Cold Woric’' that performed below the critical range. 

After Sauveur. 
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Cold work is performed in wire drawing, rolling sheet steel, etc. It in- 
creases the elastic limit, tensile strength and hardness, and decreases the 
ductility as represented by the elongation and reduction of area. 



Fig. 473. Photomicrograph Showing Fig. 474. Photomicrograph Showing 
Structure of Hot Worked .0^% Carbon Structure of Hot Worked Eutectoid Steel. 

Steel. Magnified 100 diameters. Etched Magnified 100 diameters. Etched with a 

with a 4% dcoholic solution of nitric acid. 4% alcoholic solution of nitric acid. 
Pearlite dark; ferrite white. 


The permanent deformation of metals results in the occurrence of certain 
characteristic change in structure some of which are discernible under the 
microscope. The most important of these are: (1) Slip bands; “ (2) Neumann 
lines; and so-called critical or exaggerated grain growth.^ 



Fio. 475. Photomicrograph Showing 
the Structure of Hot Worked 1.25%Carbon 
Sted. Magnified 100 diameters. Etched 
with a 4% alcoholic solution of nitric 
add. Feamte dark; cementite white. 



Fio. 476. Photomicrograph Shown^ 
the Structure Produced by Cold Work in a 
Steel Containing about 0.20% 
Magnified 100 I^ameters. Etchw 
a 4% alcoholic solution of nitric acid. 
Pearlite (iauk; ferrite light. ^ 


Slip Bands. — Deformation under a slowly applied load is accomplished by 
a process of slip, i.e., the crystalline fragments of the grains slide on each other 
in much the same manner as a pile of books evenly stacked will slide on 

« Z. Jeffries and R. 8. Archer. Chem. and Met. Eng., Vol. 27, No. 18, p. 882. 
“Sauveur, “Met. of Iron ana Steel,” p. 265. 
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one another if a force is exerted which disturbs them. The slip bands appear 
on polished and etched surfaces after the metal has been deformed as small 
hair lines (actually differences in level) for the most part running in one direc- 
tion in the same grain, but in different directions in different grains. In 
some metals such as brass (see Fig. 461) annealing after cold work results in the 


■ : • ■■■■ 


Fig. 477. Photomicrograph Showing Small Strip of Steel Slightly Bent after Pol- 
ishing and Etching. Slip bands appear as black lines in those grains where the strain 
was greatest. Magnified 100 diameters. Etched with a 4% alcoholic solution of 
nitric acid. 


formation of twins produced by part of the crystal having rotated through an 
angle of 180°. 

Neu m a nn Lines. — The appearance of these under the microscope is much 
the same as slip bands. They are, however, still present after repoUshing 



_Fiq. 478.. Magnified 100 diametere. Fio. 479. Ma^ed 100 diameters, 
btched with a 4% alcoholic solution of Etched with a 4% alcoholic solution of 
nitric acid. nitric acid. 

and etching whereas slip bands disappear. Their exact nature is not kno^ 
out they are probably caused by a suddenly produced deformation, which 
or may not have been accompanied by fracture. 
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Critical or Exaggerated Grain Growth. — This condition occurs in low 
carbon steel (.08% to 0.12%) strained by cold work corresponding to a 5 to 
15% reduction and subsequently annealed at a temperature varying from 
625° C. to 775° C. Steels composed of very large grains resulting from this 
treatment are said to give poor results under both shock and fatigue stresses. 
Fig. 478 shows a low carbon steel in the normal condition and Fig. 479 after 
critical grain growth has taken place. 


HEAT TREATMENT OF STEEL 


Heat treatment as defined by Tiemann is ‘‘the change, or series of changes, 
in temperature, t.1so the rate of cooling from one temperature to another 
brought about to secure certain desired conditions or properties in a metal 
or alloy.” Heat treatment, in general, may be conveniently divided into 
three classes: (1) softening treatment; (2) hardening treatment; and (3) 
strengthening treatment. 

There are three structural transformation changes that take place in steel 
as the metal cools through the critical range, each of which has definite 
physical properties and characteristic appearance under the microscope. 
Either one of these constituents or any combination of them may be retained 
in the metal when cold by cooling the steel through the critical range at 
different speeds, or by hardening followed by tempering. The names of the 
transformation constituents are martensite, troostite, and sorbite. 



Fig. 480. Photomicrograph of 1.25% 
Carbon Steel Quenched in Water from 
Above the Critical Range. MagniBed 100 
diameters. Etched with a 4% alcoholic 
solution of nitric acid. Martensite light; 
troostite dark. 
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Fig. 481, Photomicrograph of 0.75% 
Carbon Steel Quenched in Oil from Above 
Its Critical Range and Reheated to .525'" 
C. ME^nihed 100 diameters. Etched in 
a 4% alcoholic solution of nitric acid. 


In order to produce maximum softness a very slow rate of cooling through 
the range is used which produces pearlite. To produce maximum hardness, 
the steel should be in the martensitic condition. This is obtained by cooling 
through the range at a fast rate, i.e., by quenching in water or oil. Such 
cooling should, theoretically, prevent any transformation from taking place, 
but in plain carbon steels partial transformation always occurs. If austenite 
is desired, certain other metals must be added which act as retarding agents 
on the transformation. 
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Ste6l containing 12% nianganese or 25% nickel, for example, will remain 
austenitic even after slow cooling. Austenite is miner alogically softer than 
martensite, but is more resistant to abrasion. Under the microscope it has 
the general characteristics of a solid solution. Troostite is often present 
along with martensite in hardened steel and possesses similar physical prop- 
erties, but in a lesser degree. Figure 480 shows the appearance of martensite 
and troostite. 

Maximum strength combined with maximum ductility is obtained by 
producing the constituent sorbite. This can be done by cooling through the 
range Ot the proper speed, but more exactly by hardening followed by heating 
to a temperature between 400 and 600° C. according to the composition of 
the steel and the properties desired. Troostite may also be formed in such a 
manner if a lower reheating or ‘‘drawing” temperature is used. The appear- 
ance of sorbite when examined under the microscope is shown in Fig. 481. 


CASE HARDENING 

Case hardening, as the name implies, is the production of a hard case or 
shell on the surface of a soft steel in order to make it more resistant to wear 
without materially reducing its toughness and resistance to shock. Case 
hardening is made possible by the ability of iron when in the gamma condition 
to absorb carbon. The article to be so treated is packed in a suitable carbo- 
naceous material and heated to a high temperature (about 950° C.) for a time 
depending upon the depth of case desired. 



Fm. 482, Photomicrograph Showing the Edge of a Case-hardened Sample of Steel. 
Magnified 100 diameters. Etched with a 4% alcoholic solution of nitric acid. 

The core and case may then be heat treated to further improve the physical 
properties. Case-hardened objects appear under the microscope as in Fig. 482. 
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INPLUEKCE OF SOME ELEMENTS ON IRON AND STEEL 

Manganese has a greater affinity for sulfur than iron and, therefore, if 
sulfur is present, manganese sulfide is formed. Under the microscope this 
appears in castings as small round areas, pale gray in color, and in forgings 
as elongated streaks of the same color. If there is any manganese remaining 
after Uie sulfide has formed, the carbide of manganese (MnsC) is produced, 
which forms a solid solution with the iron. 

Sulfur, when present in small amounts (e.g,, less than 0.08%), combines 
with the manganese as explained, but if in excess of this amount, thd sulfide 
of iron (FeS) is produced which forms around the grains. Steel containing 
iron sulfide is weak and brittle, at high temperatures. FeS appears as a 
reddish brown under the microscope. 

Phosphorus is present in solid solution as the phosphide of iron (FeaP). 
In cast irons, due to the large amount of carbon present, a eutectic of iron and 
the phosphide of iron is formed. Iron phosphide makes the steel brittle, 
especially when cold. 



Fig. 483, Photomicrograph Showing Appearance of Manganese Sulfide (Small 
Round Areas Pale Gray in Color) in Low Carbon Cast Steel, Magnified 100 diameters. 
Etched with a 4% alcoholic solution of nitric acid. 


Silicon is present as FeSi, which enters into solid solution with the iron. 
When in small amounts, silicon produces no marked influence on the physical 
properties. 
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Other elements such as nickel, chromium, vanadium, tungsten, and 
molybdenum are added to steel usually in amounts less than 5.0% which 



Fia. 484. Photomicrograph Showing 
Appearance of Manganese Sulfide in 
Forged Low Carbon Steel (over 1.0% 
Sulfur). Pale gray colored areas drawn 
out in the direction of rolling. Magnified 
100 diameters. Etched with a 4% alco- 
holic solution of nitric acid. 



Fig. 485. Photomicrograph Showing 
Structure of Cast Manganese Steel (Man- 
ganese 12%) Austenitic. Small spots are 
undissolved carbides. Magnified 100 di- 
ameters. Etched with a 10% alcoholic 
solution of nitric acid. 



Fio. 486. Photomicrograph Showing Structure of Cast Speed Steel. 
Magnified 500 diameters. Etched with Yatsevitch’s Reagent. 

impart to the metal specially desired properties such as increase in hardness, 
without decrease in ductility, machine tools capable of cutting at a high rate 
of speed, and for greater shock and fatigue-resisting properties. 




METHODS FOR THE DETERMINATION OF 
SOLUBILITY ' 

A quantitative determination of a solubility consists essentially of two 
operations; the preparation of the saturated solution and its subsequent 
analysis. In those cases where these steps are performed separately the 
method may, in general, be designated as the analytical and in those where 
they are combined, as the synthetic. In both cases, however, the consideration 
of first importance is the assurance that final equilibrium between solvent and 
solute has been reached. Since this point is that at which no further change 
occurs in the relation between the amount of the compound in solution and 
that remaining undissolved, the only criterion of saturation is the evidence 
that the concentration of the solution has not changed during a longer or 
shorter interval of time, during which those conditions which would tend to 
promote such a change have been allowed to operate. 

Of the conditions which promote most effectively the attainment of equi- 
librium between a solute and a solvent, the provision for the intimate contact 
of the two is most important. In other words, only by the thorough mixing 
which agitation or effective stirring provides can the point of saturation be 
reached with certainty. In the case of the reciprocal solubility of liquids, the 
point of equilibrium is usually attained within a much shorter period than in 
the case of solids dissolved in liquids. In the later case, the necessary dis- 
integration of the solid, incident to its solution in the liquid, is a process which 
is restricted to the surface layers of the solid, and, therefore, unless a large 
area, such as a finely divided state provides, is available, and unless that portion 
of the solvent which has acted upon a given surface area is repeatedly replaced 
by fresh solvent, the process of solution will be greatly retarded. It is quite 
evident that, although a solution in contact with even very finely divided solid 
may promptly become saturated in the immediate vicinity of the solid without 
stirring, the distribution of the dissolved material to the remainder of the 
solvent would depend upon diffusion, and since the rate at which this proceeds 
would diminish as the concentration differences became equalized, the process 
would take place at a gradually diminishing rate. If the point of equilibrium is 
approached from supersaturation, the above remarks apply with equal effect, 
since only at the surface of the solid can the excess of salt leave the solution 
and, without other provision than diffusion for successively bringing the entire 
amount of the solution in contact with the solid, the deposition of the excess of 
dissolved material can occur only at a very slow rate. The importance of 
active and continuous agitation of the solid and solution, in effecting satura- 
tion, cannot, therefore, be too strongly emphasized. It may in fact ije assumed 
that determinations of the solubility of solids, made without continuous agi- 
tation, are always open to the suspicion that the results do not represent the 
final equilibrium which such data are required to show. 

1 Reprinted from 2d Ed. of “Solubilities.” Contributed by Atherton Seidell. 
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Since solubility is a function of temperature, the accurate control of the 
temperature in making a solubility determination is another one of the in- 
dispensible requisites of accuracy. In general, it may be stated therefore, that 
every procedure designed for preparing a saturated solution must include 
provision for the accurate control of the temperature and for active and con- 
tinuous agitation or stirring of the solution. In the case of the solubility of 
gases, which will be considered in a separate section, provision for the control 
of the pressure must also be made. 

It is obvious that since the solubilities of various compounds differ, and 
that of one compound is affected by the presence of another, the accurate 
determination of this constant for a particular molecular species presupposes 
that only this one substance is present in the pure solvent. That is, accuracy 
of results demand that only pure compounds be involved in a given deter- 
mination, consequently, no effort should be spared to make it certain that the 
highest possible purity of both solute and solvent has been attained. 

Apparatus for the Determination of the Solubility of Solids by the Analytical 
Method. — The types of apparatus which have been developed for the prepara- 
tion of saturated solutions of solids in liquids differ principally in respect to 
whether designed for multiple or single determinations at a given temperature. 
Examples of the first type are illustrated by Figs. 487 and 488. 



It will be noted that in one case (Fig. 487) the bottles containing the solu- 
tions are stationary and the liquid in each and in the constant temperature 
bath is kept in motion by means of revolving stirrers. This form of apparatus 
^as used by Moody and Leyson (1908) for the determination of the solubility 
of lime in water and is particularly adapted for relatively slightly soluble com- 
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pounds for which rather large quantities of the saturated solution are needed 
for accurate analysis. There is also shown in the figure the provision for with- 
drawing the saturated solution through a filter within the inverted thistle tube. 
The stirrers in the bottles are fitted with mercury seals to prevent access of 
air containing carbon dioxide. Other features of the apparatus will be readily 
understood from the drawing. 



Fio. 488. Noyes Apparatus for Determining the Solubility of Solids, 


A more common type of apparatus, designed for the simultaneous saturation 
of several solutions at the same temperature, is that illustrated by Fig. 488, 
in which the bottles containing the solutions are slowly rotated in the constant 
temperature bath. The form shown is that described by Noyes (1892). 
This type of apparatus has the advantage that the solid is, to a large extent, 
kept in suspension in the liquid and, therefore, offers the most favorable oppor- 
tunity for continuous and uniform contact with the solution. Many examples 
of this form of apparatus, differing principally in size and in the direction of 
movement of the containers, are described in the literature. 

Of the second type of apparatus, designed for a single determination at a 
given temperature, many varieties have been developed for particular condi- 
tions. Of these, the following examples have been selected as typical of this 
class and, it is hoped, will illustrate most of their desirable features. They 
are, in general, adaptations of earlier designs and it is not intended that the 
name given in connection with each is that of the investigator who deserves 
the credit for originating the type. The drawings will, for the most part, be 
reftdily understood without detailed explanations. The dimensions are not 
stated, since they can usually be varied to suit the needs of almost any problem. 
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In Fig. 489 is shown the apparatus used by the Earl of Berkeley (1904) for 
the very careful determinations of the solubility of inorganic salts in water. 
The features of particular interest in connection with it are, that the water 
bath itself is made to serve as the temperature regulating device, and the 
apparatus for withdrawing and simultaneously filtering the saturated solution 
is a combination of pipet and pycnometer. This was provided with ground 
glass caps for each end and the stem was accurately graduated. It was, of 
course, carefully standardized before use. The flexible iron plate shown was 
made of a disc from the receiver of a telephone. The apparatus was used for 



Fiq. 489. Berkeley’s Apparatus for Determining Solubility. 


determinations at temperatures between 30 and 90 and the range 
ations from the set temperature of the bath was, for 2-3 hour periods, within 
about 0.2“. For the inner vessel containing the salt, the range about 
0.05®. At each temperature two determinations of density and solubility were 
made; one on the solution obtained by stirring a supersaturated so ution m 
contact with aoiid sait, and the other on the soiution obtained by stirring an 
unsaturated soiution in contact with an excess of sait. 

In the case of determinations at the boding point a 
required. Two forma, described by the Earl of Berkeley (1904), are shown m 
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Figs. 490 and 491. The first was used for the less soluble salts and consisted of 
an outer tube A containing water and an inner tube B containing salt and solu- 
tion. By boiling the water vigorously and closing the side tube C, steam 
passing through the tube D stirred the solution thoroughly and the temperature 
rose to the boiling point of the saturated solution and remained constant when 
saturation was attained. The second form of apparatus (Fig. 491) was devised 



for use with extremely soluble salts. In these cases it was found that the 
larger quantity of steam required for thorough stirring dissolved so much salt 
that it was necessary to have a very large excess present. In this apparatus 
the steam was generated in a boiler A and conducted through the tube B to 
the bottom of the large test tube C containing the excess of salt and solution- 
The test tube was immersed in the oil bath D which was vigorously stirred 
maintained at a temperature close to that of the boiling point of the saturatca 
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solution. When the temperature of the oil bath was below the boiling point, 
salt dissolved; when above, salt was thrown out of solution. Considerable 
difficulty was experienced in filling the pycnometer with the saturated solution 
without introducing errors due to steam bubbles caused by the suction which 
was applied. 




Fig. 493. 

Walton and Judd Apparatus for 

Solubilities. 


A comparatively simple form of the ty^ °^n'^^eventer'^(1890)^and by 
Meyer in 1875 and modified by shown in the accom- 

Goldschmidt (1895), is described by Hicks (1915) ana sn 
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panying Fig. 492. A glass cylinder A is closed at each end with large one-hole 
rubber stoppers. The mixture of salt and solution is contained in this cylinder 
and is stirred by the rotation of the tube E which is provided with an enlarge- 
ment at its lower end in which there are two small holes at H and /. The 
stirrer rotates in the bearing formed by the hollow wooden cylinder J, The 
glass rod K carries a rubber stopper L which closes the filtering tube Af, in 
which a platinum cone N supports an asbestos filter 0. The siphon P con- 
nects the filtering tube with the flask It which is provided with an outlet through 
the small tube S. The apparatus is immersed in a constant temperature water 
bath TF, to about the level shown. After stirring the mixture of &ilt and 



Fio. 494. Donnan and White Apparatus for Determining Solubilities. 

solution a sufficient length of time for attainment of saturation, the undissolved 
salt is allowed to settle and the rubber stopper is withdrawn from the filter tube 
by means of the glass rod K. Suction is applied through the tube S to hasten 
the filtering and the clear solution collected, at the temperature of the bath, in 
the previously weighed flask R. 

A similar apparatus was used by Walton and Judd (1911), for determination 
of the solubility of lead nitrate in pyridine. This is shown in Fig. 493 and 
consists of a glass test tube fitted with a stirrer which turns in a mercury seal, 
thus preventing loss of solvent by evaporation or the admission of moisture from 
the air. To take a sample of the saturated solution, the weighing tube A was 
introduced into the larger tube through a hole in the stopper. After reaching 
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the temperature of the bath the stirrer was stopp)ed, the end of the small tube B, 
which was covered with a piece of closely-woven muslin, was dipped below the 
surface of the solution and the liquid drawn into A by applying suction at C, 
The tube A was then removed, weighed and the contents analyzed. 

An apparatus which was used by Donnan and White (1911), for the deter- 
mination of equilibrium in the system palmitic acid and sodium palmitate is 
shown in Fig. 494, The stirring in this case was accomplished by means of a 
current of dry air, free of carbon dioxide. The apparatus consists of two parts, 
namely, an inner chamber E, where equilibrium was attained, and an outer 
case A * designed for isothermal filtration. The whole was immersed in a 
thermostat to the level W. A side tube B permitted connection with a filter 
pump. C is a weighing bottle to receive the filtered saturated solution and D 
a Gooch crucible provided with a paper filter. The cork, closing A, was cov- 
ered with a plastic layer to render it airtight. The tube at the lower end of E 
was closed with a ground glass plug F, the stem of which was enlarged to a 
small bulb at 6^ and then drawn out to pass easily through H, leaving an air 
free outlet around it. The small cork I was used to support the stopper when 
lifted to allow the contents of E to flow down for filtration. The dry air by 
which the mixture was stirred was drawn through K by applying suction at H. 
The preheating of this air was accomplished by drawing it through a thin 
spiral immersed in the thermostat. The connection between the equilibrium 
apparatus and preheater was made through a mercury seal, which permitted 
lifting the apparatus easily without damage to the fragile preheater permanently 
mounted in the bath. This apparatus provided for the recovery, separately, of 
the saturated solution and undissolved solid. These authors also describe an 
improved electrically heated and controlled constant temperature bath. 

Determinations at lower temperatures that can be constantly maintained 
with the aid of a water bath require special forms of apparatus which permit 
of temperature control under more or less restricted conditions. An apparatus 
of this type, which was used by Cohen and Inouye (1910), for determination 
of the solubility of phosphorus in carbon disulfide, is shown in Fig. 495, and is 
intended for the range of temperature between —10° and +10°. The satur- 
ating vessel D consists of a glass cylinder to the upper end of which is cemented 
a steel collar E, containing a deep channel. A mixture of litharge and glycerol 
was used as the cementing material for this purpose. The inverted steel 
cover F fits into the channel of this collar and the seal of the joint is effected, 
in the usual way, by means of a layer of mercury. The cover F is provided 
with a brass tube K, to which the pulley M is attached, and is also pierced by 
tbe tightly cemented-in glass tube I. The glass rod Gj containing on its lower 
end the three stirring wings H H H, h cemented into the brass tube K. The 
saturating vessel is, for stability, tightly fastened in a hole in a block of lead, 
S, contained in the Dewar cylinder A. An atmosphere of CO 2 in the saturating 
Vessel is provided by introducing CO 2 under pressure through I and allowing 
the excess to escape through the mercury seal in E, After charging the 
apparatus, / is closed with a rubber tube and plug and the stirrers H H H set 
in motion. A Witt stirrer, 0, keeps the contents of the bath in rapid circula- 
tion. Water is used in the bath for temperatures about 0°, and alcohol for 
those below 0°. The regulation of the temperature is accomplished by addition 
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of ice or solid CO 2 as found necessary and, therefore, requires very close atten> 
tion on the part of the experimenter. 

A novel and simple form of apparatus, which was used by Bahr (1911), 
for the determination of the solubility of thallium hydroxide at temperatures 
up to 40^^ is shown in Fig. 496. As will be seen, this consists of a gas washing 
flask to the arms of which a Y tube provided with two stop-cocks is sealed. 
The inside walls of the apparatus were coated with hard paraffin and the 



Fig, 495. Cohen and Inouye Apparatus Fio. 496. Bahr’s Apparatus for De- 
fer Solubilities. termining Solubiiitie.s, 

required amounts of thallium hydroxide and water introduced. It was then 
immersed in a water bath and the contents stirred by means of a current of 
hydrogen, which entered as shown and with A and E closed, passed through 
D and out at B. When it was desired to remove a sample of the solution for 
analysis, B and D were closed and the liquid forced through A into the pycno- 
meter by means of gas pressure entering through E, For temperatures above 
40°, the form of apparatus shown in Fig. 497 was used. In this case K repre- 
sents a copper cylinder with double walls, of which the inner compartment G, 
contains concentrated salt solution which is stirred by a stream of air (not 
shown), and the outer compartment contains a layer of heating liquid H. The 
glass tube L contains the mixture of thallium hydroxide and water which is 
stirred by means of a current of hydrogen (not shown). When saturation ^ 
attained the tube A, of small bore and thick walls and provided with a small 
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asbestos filter, is introduced and the saturated solution forced over into the 
receptacle B by pressure of hydrogen which enters at C. The heating liquid 
in B is the same as used in H. The following heating liquids with the boiling 
points shown were used: Allyl chloride, 46''; Ethylene chloride, 55®; Chloro- 
form, 61®; Methyl alcohol, 66®; Benzene, 

80®; Benzene-Toluene mixture, 91°; 

Water, 100®. 

A somewhat more elaborate appara- 
tus, in which the constant temperature 
is mainttiined by means of the vapor of 
a boiling liquid, is shown in Fig. 498. 

This apparatus was developed by Tyrer 
(1910) for the very accurate determin- 
ation of the solubilities of anthraqu in- 
one, anthracene and phenanthra-quin- 
one in single and mixed organic solvents. 

The solvent with excess of the solute 
was placed in A and kept in constant 
agitation by means of the vertically 
acting stirrer shown. The tube A is 
surrounded by a bath of vapor which 
circulates through the cylinder con- 
denses in C, and returns to the boiling 
flask M. When the solution is satu- 
rated it is allowed to settle, and the 
clear solution run out (by raising the 
tube D) into a small graduated flask E, 
which is maintained at the same tem- 
perature as the solution A. The tem- 
perature of the vapor bath is varied by 
changing the pressure under which the 
liquid in the flask M is boiling. For Fig. 497. 

this purpose, the manostat P is pro- 
vided. The temperature can, with care, be maintained constant to 0,01®, For 
this purpose the apparatus must be airtight, the liquid in the boiling flask 
must not bump (which is entirely prevented by placing a layer of mercury in 
the flask) and a pure boiling liquid must be used. 

Although illustrations of special forms of apparatus designed for securing 
equilibrium in solubility determinations could be extended far beyond the 
number given, it is believed that the principal features have been made clear 
and it will no doubt be possible to adapt the devices here shown to many other 
cases for which accurate determinations of solubility may be desired. 

Separation of Saturated Solution from Undissolved Solid. — The next point, 
after the establishment of equilibrium betw*een the solvent and solution, is the 
matter of successfully separating the saturated solution from the undissolved 
Solid, preparatory to its analysis. There are, undoubtedly, many cases where 
this is a very serious problem. This is especially so for extremely soluble com- 
pounds, which yield viscous solutions as well as for those which do not readily 
settle out of the solution or cannot be removed by ordinary filtration. It is, 
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of course, necessary to maintain the mixture at the temperature at which satur- 
ation was obtained until the complete separation of the solution and solid has 
been effected. The operation should, therefore, as a general thing, be con- 
ducted in the same bath used for preparing the saturated solution. Several 
forms of apparatus designed for this purpose are shown in the diagrams given 
in the preceding pages. For solutions which can be readily separated from the 
undissolved solid, a graduated pipet to which a stem with a plug of filtering 
material can be attached and which is adapted to being easily weighed, is the 
most convenient. 



Analysis of the Saturated Solution. — The weight of a known volume of the 
perfectly clear solution, that is, its specific gravity, should alwa}^ be deter- 
mined. This weighed quantity of solution, or a known dilution of it, furnishes 
a very convenient sample for the determination of the amount of dissolved 
compound. 

In regard to the analysis, the procedure must be selected entirely on the 
basis of the number and character of the constituents present. In cases of the 
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solubility of single non-volatile compounds, in solvents which can be more or 
less easily removed by volatilization, the plan in most general use is the vap- 
oration of a known amount of the solution to dryness and weighing the residue. 
Special forms of apparatus to be used for this purpose have been proposed 
from time to time. These are, usually, vessels with tubular openings, arranged 
so that a current of dry air can be drawn over the surface of the heated sample. 

In the case of solubility determinations in which the saturated solution 
contains more than one dissolved compound, the application of the usual 
gravimetric or volumetric procedures will, of course, be necessary. 

In certain cases, where the direct determination of the amount of the dis- 
solved compound present in the solution would be very difhcult or impossible, 
an indirect method can sometimes be used. For this purpose, a carefully 
weighed amount of the compound must be used, and, after the period of satur- 
ation, the undissolved residue is filtered off under conditions which reduce 
losses to a minimum and, after drying to its original condition, it is weighed, 
and the amount which has been dissolved found by subtracting the weight of 
the undissolved residue from the quantity originally present. 

Identification of the Solid Phase. — The solubility of a compound, which is 
capable of existing in several forms, depends upon the particular form in which 
it is present in contact with the saturated solution. The question of the com- 
position of the solid phase is, therefore, of considerable importance for the 
accurate determination of solubility. Although the identification of the solid 
phase presents little difficulty in the majority of cases, it sometimes happens 
that it can be mtfde only by a more or less indirect method. The principal 
reason for this is that adhering solution can usually not be completely removed 
from the solid phase and the analysis, consequently, does not give direct in- 


formation of the required accuracy. ... . , 

A method which has been used considerably for identifying the solid phase 
is that known as the residice method of Schreinemakers (1893). It is based 
on the principal that if an analysis is made of both the saturated solution 
and of a mixture of the saturated solution and the solid phase of unknown 
composition, the two points so obtained, when plotted on a coordinate system, 
lie on a line connecting the point representing the composition of the solid 
phase and the solubility curve of the system. Similar analyses of another 
saturated solution of the system and of its mixture with the solid phase, locate 
another such line. Since all lines so determined when extended, pass through 
the point representing the composition of the solid phase, their intersection 

locates this point definitely. . i 

Although the original description of this method by Schreinemakers was 
illustrated by an example drawn on the rectangular system of coordinates, it 
has been used much more extensively, in a practical way, m connection with 
the later developed equilateral triangular diagram. In this case, each apex of 
the triangle represents one of the three components of the system, each point 
on a leg, a.mixture of two, and each point within the triangle a mixture of aU 
three components. When a number of saturated solutions are analyzed, the 
results correspond to points on the solubility curve of the system. If now some 
of the solid phase with adhering solution is removed from each mixture and 
analyzed, it k evident that the results thus obtained, being for samples made 
op of both the saturated solution and the solid phase, give points which he on 
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lines connecting tlie two. The points on the curve for the pure saturated 
solutions being known, it is necessary only to connect them with the points 
for the corresponding mixtures of solid phase and saturated solution, and to 
prolong the lines to their common intersection. This will necessarily be at 
the point representing the composition of the pure solid phase. 

In applying the residue method of Schreinemakers, if the intersecting lines 
which fix the point corresponding to the solid phase meet at a very narrow angle, 
definite information as to its composition may not be secured. For cases 
such as these, a procedure to which the name ^‘tell-tale” method was given by 
Kenrick (1908) and which is described in detail by Cameron and BelP(1910), 
has been developed. This method consists in adding to the mixture a small 
amount of an entirely different compound which remains wholly in the solution. 
After equilibrium has been reached, a portion of the saturated solution and of 
the solid phase with adhering solution are analyzed, and the quantity of the 
added “tell-tale” compound in each determined. From the result, showing 
the concentration of the added compound in the saturated solution, and the 
amount of it found in the mixture of solid and solution, the quantity of solution 
in contact with the solid can be calculated. Since the composition of the 
solution is also known, the difference between the composition of the solid 
plus solution and of the amount of solution known to be present, is the com- 
position of the pure solid. 

Transition Temperatures can frequently be accurately determined by rela- 
tively simple means, and since such data are useful in establishing fixed points 
on solubility curves they are valuable adjuncts to directly determined solubility 
data. 

Synthetic Method. — The procedures which have, so far, been mentioned 
are all classed as analytical methods of solubility determination. In contra- 
distinction to these is the equally useful reverse process, by which the solvent 
and solute are brought together in previously measured quantities and the 
temperature ascertained at w'hich the solution is saturated. To this pro- 
cedure the designation synthetic method of solubility determination has been 
applied. One of the earliest investigators to use this method extensively was 
Alexejeff (1886) and it is, therefore, frequently referred to as the Alexejeff 
synthetic method of solubility determination. 

The synthetic method can, of course, be used both for the solubility of 
solids in liquids and for liquids in liquids, but it is in the latter case that it is 
of greatest service. Its points of superiority, particularly in the case of the 
reciprocal solubility of liquids, are that the upper limits of the determinations 
can be extended far beyond the boiling point temperature and are, in fact, 
limited only by the resistance of the glass to pressure or to the action of the 
liquid. Only small quantities of the solute and solvent are required for a 
determination. It is applicable to compounds for which quantitative methods 
of analysis are not available or are of a tedious character. The mixtures, being 
contained in sealed tubes, are not subject to the action of constituents of the 
air, nor are losses, due to volatilization, to be feared, Although, in the case 
of solids, difficulties incident to the supersaturation, resulting from failure of 
the crystals to separate on cooling, are encountered, with liquids the point of 
saturation is made instantly and strikingly evident by the beginning of opales- 
ceilce or clouding which occurs, and errors due to supersaturation are rarely 
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encountered. A sure criterion that supersaturation does not occur rests on the 
observation of the temperature at which the cloudy solution again clears. If 
this temperature coincides with the temperature of the beginning of opalescence, 
it is certain that supersaturation has not occurred. The observation of the 
temperature of saturation can be repeated as often as desired, and the accuracy 
.of the determination is ordinarily limited only by the care taken in making it. 

The limitations of the method, aside from the supersaturation which may 
occur in the case of solids, are principally those resulting from the low tem- 
perature coefficients of solubility possessed by certain compounds, and which 
usually occur in the vicinity of maxima or minima of solubility curves. Al- 
though a “critical clouding'’ occurs in the vicinity of the so-called critical 
solution point, this possesses a characteristic appearance which is easily dis- 
tinguishable from the clouding observed at the saturation point, and errors 
of observation due to it are not to be apprehended. In fact, it has been pointed 
out that supersaturation disappears at the critical point, and the synthetic 
method is ordinarily very accurate in the vicinity of the critical solution 


temperature. 

Since, by the synthetic method the results are necessarily obtained under 
different pressures, this question has been given consideration from the the- 
oretical and tlie practical side. Although it is possible that extremely high 
pressures would exert an influence, the conclusion appears justified that under 
ordinary conditions, in which pressures of 10 atmospheres are not exceeded, 
no notable effect would be produced. The solubility curves obtained by this 
method do not show any abnormalities due to this cause. 

In the case of the determination of the solubility of solids by the synthetic 
method, the operation consists in preparing a mixture of a carefully deter- 
mined amount of the solvent and of the solid, and subjecting it to gradually 
increasing temperature and to constant agitation, while a continual observa- 
tion of the changes taking place in the solid is made. When all but a few 
small crystals have dissolved, the change in temperature is regulated much 
more carefully and note is taken of the point at which the edges of these final 
crystals begin to change from sharp to rounded, or vice versa, or where the 
sizes of the particles visibly increase or diminish. Care must, of course, be 
taken not to allow the last portions of the solid to dissolve; otherwise, on 
cooling, considerable supersaturation may occur before the so id begins to 
separate from solution. The method is, naturally, most serviceable where the 
change is solubility with temperature is considerable, and where convenient 
methods for the direct analysis of the solution are not available. 

The procedure of a determination in the case of the reciprocal solubility of 
liquids consists in introducing by means of capillary funnels weighed amounts 
of the two liquids into small glass tubes and sealing the ends. The amount 
of air space in the tubes should be kept low. Many convenient devices for 
weighing and introducing the liquids have been described, n e case o v y 
volatile liquids it may be necessary to introduce them in thin walled bulbs, 
which can be broken after the tube containing the mixture has been sealeA 
The tube is then placed in a large beaker of water or higher hodmg bqmd if 
necessary, and heat applied until the contents of the tube on being shaken 
become Lmogeneous. The temperature is then allowed 
and an observation made, while the tube is constantly agitated, of the tempera- 
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ture of first appearance of opalescence. This observation can be repeated as 
many times as desired and the temperatures of appearance and disappearance 
of the clouding, which usually dftfer by only a few tenths of a degree, can be 
ascertained with certainty. 

Since, by the synthetic method the data are for irregular intervals of 
temperature, in order to obtain results for a particular temperature it is neces- 
sary to plot the several determinations on coordinate paper and from the 
solubility curve so obtained, read the value for the temperature in question. 

Freezing-point Method. — A modification of the synthetic method, which is 
applicable particularly to solutions which contain relatively large amounts of 
the dissolved compound, is that which consists in a determination of the freez- 
ing-point of the mixture. This point is, in fact, the temperature at which the 
separating solid compound is in equilibrium with the solution. 

The difference between the freezing-point determination and the observa- 
tion of the point of growth or diminution of a crystal in a liquid is that, in the 
former, the establishment of equilibrium is recognized exclusively by the 
change of the thermometer. The solution is cooled gradually, during which 
the thermometer sinks slowly to a point below the freezing temperature. As 
soon as the first crystal appears, either spontaneously or by intentional intro- 
duction (seeding), the thermometer rises suddenly to the freezing-point and 
remains stationary for some time. 

This method can, of course, be used in a large number of cases for the 
determination of solubility. Those portions of the solubility curves of salts 
in water for which ice is the solid phase, are practically always determined in 
this way and it may be said, in general, that for determinations made at low 
temperatures, the freezing-point method is to be selected whenever possible. 

For the practical execution of the method the very well known apparatus 
of Beckmann is most convenient and satisfactory. The determinations must, 
of course, be made with all the refinements which have been developed for 
accurate freezing-point measurements. 

The method has been used extensively for the discovery of addition com- 
pounds. Its use for this purpose is based upon the principle that if to a pure 
compound, A, a second, is added, the freezing-point of A is lowered; simi- 
larly the freezing-point of B is lowered by A, and the two descending curves 
thus obtained intersect at the eutectic. If, however, a compound, AxBy is 
formed, this also acts as a pure substance and its freezing-point is lowered by 
either A or B. Hence the freezing-point lines do not meet at a single eutectic 
but exhibit in this case a maximum, the position of which indicates the com- 
position of the compound. 

Volume Change Method. — Still another method, which is a modification of 
the synthetic, is that designed to indicate the reciprocal solubility of liquids by 
a determination of the volume changes which occur when two relatively spar- 
ingly miscible liquids are shaken together in a closed vessel. The apparatus 
consists usually of a cylindrical receptacle which is provided with a constricted 
graduated section either at one end or near the middle. Such volumes of 
liquids afe chosen that the meniscus separating them lies in the constricted 
graduated tube. The determination consists in superimposing measured 
volumes of each liquid and noting the position of the meniscus before and 
after a period of shaking at constant temperature. From the increase or 
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decrease of volume of the two layers, as estimated from the change in position 
of the meniscus, the reciprocal solubility of the two liquids is calculated. It is 
to be noted, however, that the solubility of liquids is in practically all cases 
reciprocal, and without an analysis of the two layers the true solubility can 
not usually be deduced. 

Titration Method. — A special case of the reciprocal solubility of liquids is 
that representing equilibrium in ternary systems yielding two liquid layers. 
Such equilibria are usually determined by relatively simple titration pro- 
cedures, but for the interpretation and description of the results, special terms 
have bben developed and these require more or less detailed explanation. 

When a third liquid is added to a mixture of two others which are miscible 
to only a slight extent, the added liquid, if soluble in each of the others, will 
distribute itself between the two and an equilibrium will be reached. If the 
two layers are then analyzed and the results plotted on coordinate paper, two 
points, corresponding to the two layers, will be obtained. If more of the third 
liquid is added, equilibrium will again be established after a short period of 
shaking and the analysis of the two layers, to which the designation conjugate 
layers has been given, will fix two more points when plotted on the coordinate 
paper. The process may be repeated until a considerable number of points 
have been obtained. When this has been done, it will always be found that 
these points are the locus of a smooth curve, to which the designation hinodal 
curve has been given. If the pairs of points corresponding to the conjugate 
layers are connected, the lines so obtained are defined as tie lines. Since it is 
evident that with the continued addition of the third or consolute liquid, a 
point must finally be reached at which the resulting mixture will no^ longer 
separate into two conjugate layers, the tie lines successively determined as 
above described will become shorter and shorter until finally the last one is 
reduced to the point corresponding to the homogeneous mixture of the three 
components. To this is given the name plait point. 

Although for the above example a ternary system made up of three liquids 
has been taken, there are a large number of salts and other solid compounds 
which, when dissolved in mixtures of liquids of certain concentrations, cause 
the latter to separate into conjugate liquid layers. These systems have aroused 
much interest from time to time and considerable data for them are given m 


Since it is’ usually difficult and frequently impossible to analyze directly a 
homogeneous mixture of liquids, and thus determine the points on a binodal 
curve, a simple titration method for this purpose has come into general use. 
By means of this a homogeneous mixture of known amounts of two of the 
components is titrated with the third just to the point of initial separation of 
the second layer, which is usually very sharply indicated by the appearance of 
clouding or opalescence. The procedure may also be reversed and t^e con- 
solute liquid added just to the point of clearing of the cloudy mxture of the 
other two: By this plan the synthetically derived composition of one of the 
two conjugate layers and thus of one point on the binodal curve is known. 
The deter^nation of the tie line and therefore, the identification of the cor- 
responding point on the curve for the conjugate hquid, requires additional 
exjJeriment for its location. Several procedures for this P”Po«o have been 
developed. They usually depend upon the determination o 
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constants of specially prepared pairs of conjugated liquids, such as their specific 
gravities or refractive indices. In the case of mixtures of which one member 
can be easily determined analytically, tie lines can be located by the quanti- 
tative determination of this member in pairs of conjugated liquids. 

In general, the titration method for the determination of the solubility of 
liquids is applicable to many cases. The facts, that equilibrium is attained 
so promptly in liquids and that the evidence of the appearance of a second 
insoluble layer is usually so striking, make it of great value. Refinements 
have been introduced such as the addition of liquid or solid dyes to the mix- 
ture in order to facilitate the detection of the end point, and the deveWpment 
of particular forms of apparatus for measuring and weighing the liquids. 
The constituents of the mixtures are usually weighed but the volume relations 
and, therefore, the specific gravities can also be approximately estimated, by 
using graduated vessels for making the titrations, and measuring in them the 
volumes of the final mixtures. 

As a usual thing the temperature coefficients arc not very great in the 
case of liquid mixtures and the very accurate control of the temperature is not 
imperative. When such control is necessary, however, the use of a thermostat 
does not seriously complicate the determination. 

Distribution Coefficients. — As mentioned above, when a third compound 
is added to a mixture of two liquids which are relatively immiscible, it will 
dissolve to a certain extent in each and the composition of the two layers 
represent conjugate points on the binodal curve for the system. The results 
are, however, of interest from another point of view, namely that of the dis- 
tribution of the compound between the two solvents. This distribution coef- 
ficient is, in many cases, of considerable interest in connection with analytical 
methods based on shaking out procedures and also in connection wdth such 
problems as the molecular state of compounds in solution, their dissociation 
and other points of theoretical interest. Distribution coefficients have, there- 
fore, been studied to a large extent and much data for them are available. 
In general, the determinations are made by relatively simple methods. The 
amount of the compound present in a definite amount of each layer, after equi- 
librium has been established by adequate agitation, is determined in any man- 
ner most convenient. If the total amount of solute is known, and that found 
in one layer, the amount in the other can, of course, be calculated by difference. 
The results are usually expressed on the volume basis, since it is the ratio of 
the amounts present in the same molecular state in equal volumes of the two 
layers which is a constant, independent of temperature and concentration. 

It is evident that when the concentration at the saturation point is con- 
sidered, the amount of the compound which enters each layer depends upon 
its solubility in the liquid, consequently the distribution coefficient is the 
relation of the solubiUttes of the dissolved substance in the two solvents. 
Variations frqm this, aside from changes in molecular state, etc., in one or the 
other solvent are due to such causes as the reciprocal solubility of the so-called 
immiscible solvents, which will, of course, be influenced by the presence of the 
dissolved compound, especially at the higher concentrations. Variations of the 
coefficient with temperature would result in cases where the solubilities of the 
compound in the two solvents do not change at the same rate with temperature. 

Electrolytic Conductivity Method. — Of the physical properties which can 
be used for the determination of the concentration of a solution, such as 
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specific gravity, refractive index, etc., the electrolytic conductivity is of par- 
ticular value in the case of those very sparingly soluble compounds which yield 
solutions too dilute to be analyzed by gravimetric or volumetric methods. 
By its use the progress of the saturation can be followed without separating the 
undissolved solid from the solution, or even removing the portion used for the 
determination. The special electrical equipment which is required, however, 
and the need for water of exceptional purity and of vessels of particular quali- 
ties, restrict its general use. 

The method of calculating the concentration from the conductivity is based 
on the»assumption that at the very great dilutions involved, complete disso- 
ciation occurs. Therefore, the limiting value to which the equivalent con- 
ductivity approaches at infinite dilution is, for practical purposes, attained, 
and A=Aco — la-^lk, where la and Ik are the ionic conductivities of the anions 
and kations. These values are known for all the principally occurring ions. 
The observed specific conductivity k is, however, connected with the equivalent 
conductivity and the concentration tj by the equation A— x/t;, in which rj repre- 
sents the concentration in gram-equivalents per cubic centimeter. Rearrange- 
ment and substitution give?? =x/(?a4-y . From this equation the solubility of the 
substance under investigation is calculated by substituting the measured specific 
conductivity of the solution and the known values of the ionic conductivities. 

The Solubility of Gases in Liquids. — When a gas and a liquid are intimately 
mixed by shaking, a definite amount of the gas will be dissolved by the liquid 
and, simultaneously, the vapor of the liquid will mix with the gas in the space 
above the liquid. The partial pressure of the liquid in the gas space is almost 
exactly the same as that of the pure liquid at the solution temperature, since 
the influence of the relatively slight amount of dissolved gas is insignificant 
in by far the most cases. The amount of gas which is dissolved depends both 
on the nature of the gas and of the liquid and is, furthermore, a function of the 
temperature, and pressure. 

In regard to the influence of pressure, the absorption law of Henry holds for 
the most part, when the gas solubility is not too great. According to it, the 
amount of pure gas, which is taken up at constant temperature by a given 
amount of liquid is proportional to the pressure of the gas. 

The temperature acts almost always in the sense that the solubility decreases 
as the temperature rises. 

The solubilities of gases are usually expressed either in terms of the Bunsen 
“Absorption Coefficient” or the Ostwald “Solubility Expression” 

^/9=the Bunsen Absorption Coefficient which signifies the volume 00 of the gas (re- 
duces to 0” and 760 mm.) taken up by unit volume (V) of the liquid when the pressure 
of the gas itself minus the vapor tension of the solvent is 760 mm. 

V 

^“7(1+0.00367 o' 

* I -the Ostwald Solubility Expression which represents the ratio of the volume (y) 
of gas absorbed at any pressure and temperature, to the volume (7) of the absorbing 

liquid, i.e. l = y. This expression differs from the Bunsen Absorption Coefficient, /3, in 

lhat the volume (y) of the dissolved gas is not reduced to 0° and 760 mm. The solubility 
^ is therefore the volume of gas dissolved by unit volume oft he solvent at the tempera- 
ture of the experiment. The two expressions are related thus : 

/-^(l+0, 00367 t), ^^(1+0.00367 o' 
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The experimental methods for the determination of the solubility of gases 
vary according to the nature of the gas. For those which dissolve in relatively 
large amounts and can be analytically determined with accuracy, the saturated 
solution may be analyzed by ordinary quantitative methods. Thus, in the 
case of the solubility of sulfur dioxide in aqueous solutions of salts, the solu- 
tions were saturated by passing a stream of the gas through them at atmospheric 
pressure and, when equilibrium was attained, a measured portion of the solution 
was withdrawn, transferred to an excess of standardized iodine solution and the 
excess of the latter titrated with thiosulfate. A gravimetric procedure was 
used by Christoff (1905) for the determination of the solubility of carbon tlioxide 
in aqueous salt solutions. In this case the solutions were weighed before and 
after the passage of the gas through them and the increase in weight, after 
applying necessary corrections, taken to represent the solubility at the tempera- 
ture of the experiment and at atmospheric pressure. The absorption flasks were 
of special shape and the gas was previously passed through a series of U tubes, 
containing the same aqueous solution, in order to prevent loss of water from the 
experimental solution which, otherwise, would have occurred. 

In the great majority of cases, however, gas solubility is determined by a 
method based upon the measurement of the volume of the gas absorbed. The 
apparatus consists essentially of an absorption flask for the liquid, connected 
by means of a tube of small bore to a graduated buret in which thecas is 
measured above mercury, the level of which can be altered by raising or lowering 
a container connected with the buret by means of a rubber tube. Many forms 
of this apparatus have been described and the disadvantages of the earlier 
forms have gradually been remedied. A relatively simple form of this appar- 
atus, but one which embodies the essential features required for accuracy, is 
that described by McDaniel (19U) for the determination of the solubility of 
methane, ethane and ethylene in a large number of organic solvents at various 
temperatures. 

This apparatus is shown in Fig. 499. A is an ordinary gas buret and B an 
absorption pipet of the form first used by Ostwald. “The buret and pipet 
are connected by means of the glass capillary M sealed directly onto each, so 
that the whole forms one solid piece of glass apparatus without rubber or cement 
connections of any kind; thus any possibility of leaks from these extremely 
troublesome sources is entirely avoided. The whole apparatus is clamped 
solidly to a rigid support so that it can be taken up in the hands and shaken 
for the purpose of bringing the gas into intimate contact with the liquid. The 
pipet and buret are each provided with a three-way stopcock, C and /). These 
can be turned in such a way as to allow the gas to sweep out the air from the 
connecting capillary. By the same means the two vessels may also be con- 
nected directly wth each other as well as separately with the outside air or 
source of gas supply. The pipet and buret are each provided with a water 
jacket, P and Q. The temperature of each is regulated by means of the 
electrically heated coils K and L.” These coils are of manganin wire and are 
connected in series. The rate of evolution of heat in the jackets was adjusted 
in the first place by varying the length of the manganin wire, until the tempera- 
ture was the same in each jacket. Stirring was accomplished by blowing air 
through the tubes I and J. The differences in temperature between the pipet 
and buret were never greater than 0.1®. 
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In carrying out a determination by this method it is, of course, necessary 
that the solvent be completely free of dissolved air or other gas. This is per- 
haps the most important part of the determination and a special form of appar- 
atus for the purpose is described by McDaniel (1911) and is shown in Fig. 500. 
'‘The liquid was boiled under diminished pressure in the flask C attached 
directly to the lower opening of the pipet by means of the rubber stopper as 



Fiq. 499. McDaniel's apparatus for determining 
gas solubilities. 



Fig. 500. 


shown in the figure. Connection with the air pump is made at D. During the 
boiling the lower opening of the inlet tube E is above the surface of the liquid 
in C, the stopcock B being closed. When the air has been completely expelled, 
the screw pinchcock F is closed while the air pump is still in operation. The 
flask C is now raised until the lower end of E reaches nearly to the bottom of the 
flask. The air pump is now connected at G and the cock H opened so as to 
make connection with the pipet. B is now opened and the inflow of air 
through Deregulated by gradually opening F in such a manner that the liquid 
ia very slowly forced up into the pipet. In this manner the liquid never comes 
into contact with the air under full atmospheric pressure but only under greatly 
diminished pressure. The absorption of air under these conditions can only 
be inappreciable, especially since the liquid in the flask remains perfectly quiet, 
and only the lower portion is used.’^ 
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Having filled the pipet Fig. 499, with the air-free solvent as just described, 
r is connected with the source of gas supply and the cocks C and D are turned 
in such a way as to allow the gas to sweep out the air from the capillary, M, 
The buret is then filled in the usual manner by lowering the leveling tube F, 
the cock D having been turned so as to connect T with E, Care is taken to 
keep the entering gas under a slight pressure by keeping the mercury level in F 
slightly above that in A. This prevents air from entering through any leaks 
in the train connecting the gas generator with the buret.” The gas must be 
completely saturated with the vapor of the solvent and this, with other than 
aqueous solvents, may require, in addition to drawing it through souk of the 
solvent in H, that a thin layer be placed in the buret and time allowed for it to 
saturate the gas sample. 

” After again allowing the current of gas to flow through the capillary M 
for a short time the buret and pipet are connected with each other by turning 
the three-way cocks D and C in the proper direction. The determination of 
the amount of absorption is then made as follows: A portion of the gas is 
passed into the pipet by raising F and opening G, the displaced liquid being 
caught in a graduated cylinder. The cock C is closed and the gas and liquid 
in the pipet brought into intimate contact with each other by shaking the whole 
apparatus. C is now opened to allow gas to enter from the buret to replace 
that absorbed. This process is repeated until, on opening C, there is no further 
decrease in the volume of gas in A. The volume absorbed is found by sub- 
tracting from the original volume of gas, the volume remaining in the buret 
plus the volume in the pipet. The volume of gas in the pipet is equal to the 
volume of liquid drawn off. The volume of liquid remaining is easily calcu- 
lated from the known volume of the pipet. The absorption coefficient or 
* solubility' is the ratio of the volume of gas absorbed, measured at the tempera- 
ture of the experiment, to the volume of the saturated liquid. It may be 
reduced to the coefficient used by Bunsen by dividing by (l-haO.” 

In the case of the majority of investigators who have used this method, 
particularly for determinations at high or low temperatures, the absorption 
pipet has been kept at the temperature of the experiment and the gas measuring 
buret at room temperature, the two being connected by means of a flexible 
capillary which permits the absorption pipet to be independently shaken. 
This arrangement makes it necessary, in calculating the absorption coefficients, 
to apply the usual corrections for temperature and vapor pressure to the 
volume of gas in the buret. This is a complication which in some cases causes 
uncertainties in regard to the accuracy of the results as finally calculated. 

An apparatus designed for determinations at very high pressures, using a 
Caillet compression tube, is described by Sander (1911-12). It was used for 
determination of the solubility of carbon dioxide in water, alcohols, and other 
organic solvents. The principle involved is that the pure gas is first com- 
pressed above mercury in a graduated tube and the volumes corresponding to 
given pressures noted. Similar readings are then taken for the same gas after a 
small accurately measured amount of solvent has been introduced into the 
graduated tube. The difference between the two volumes at the same tem- 
perature and pressure, reduced to 1 kg. per sq. cm. and 1 ml. of liquid, repre- 
sents the solubility of the gas in the given solvent. 
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Finally, attention should be called to the method of determination of gas 
solubility based on the principle that, for volatile solutes which obey the laws 
of Dalton and Henry, the amount which is carried away by an inert gas when 
known volumes are bubbled through solutions of known strength of volatile 
solute, can be used to measure the comparative solubilities in solvents of differ- 
ent concentrations. An example of this method is the determination of the 
solubility of ammonia in aqueous salt solutions by Abegg and Itiesenfeld (1902), 
The very ingenious apparatus consists of a generator for developing a stream 
of H 2 H -02 from aqueous NaOH, by means of an electric current measured with 
the aid’of a copper voltmeter, and the volume of gas thus determined. This 
was passed through a spiral in the vessel containing the ammonia solution of 
known concentration. The mixed gasses passing out of this were received in a 
third vessel containing 5 ml. of 0.01 n HCl. Electrodes were provided in this 
vessel and, by means of conductivity measurements, the point determined at 
which all of the HCl became saturated with NHg. Since the volume of the 
H 2 +O 2 required for this purpK)se was known, the partial pressure of the NH 3 
in the mixture could be directly ascertained. Comparative determinations of 
the vapor pressure of the ammonia in water and a series of salt solutions made 
in this way were calculated to ammonia solubilities on the basis of the relation 
that, for two solutions of equal ammonia content, the ammonia pressure is 
reciprocally proportional to the solubility of the ammonia in them. 
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Introduction. — The analysis of materials by a spectrographic method is 
dependent on the atomic excitation of the substance and the observation of 
the radiant energy produced by means of a spectroscope or spectrograph which 
separates this energy into an ordered arrangement of increasing wavelength or 
frequency of vibration. The success of the method is dependent on the ability 
to excite the molecule or atom and the intensity and character of the radiant 
energy produced. One might divide the subject of spectrographic analysis 
into qualitative and quantitative analysis, and also into the fields of emission 
and absorption analysis. From the standpoint of elemental analysis the divi- 
sion of Qualitative and Quantitative emission analysis is most important, 
although some mention will also be made of the application of absorption 
spectrographic analysis. In general it might be said that qualitative and 
quantitative spectrographic analyses are usually applied to the detection and 
estimation of minute amounts or traces of substances. The accuracy of a 
spectrographic quantitative analysis is seldom greater than ±5% of the amount 
of substance present and, as a rule, this represents a rather large error compared 
with the accuracy of chemical methods, except when the amount of substance 
or element present is very small. 

The excitation of an atom by means of high temperature or electrical dis- 
charge results in the forcing of electrons from certain inner levels to outer 
levels or even completely out of the sphere of influence of the atom. The return 
of the electron to its original level or some other level and then from that level 
to another or its original level results in the emission of radiant energy which is 
definitely characterized or we might say quantized, in that it constitutes a 
definite voltage energy change which may be measured by the frequency or 
wavelength of the radiated energy. This radiated energy when observed in a 
spectroscope or spectrograph appears as a spectrum line and indicates not only 
the existence of the element but also the state of the atom (i.e. the number of 
electrons completely removed or the state of ionization). The number and 
intensity of the spectral lines are influenced by many factors. In some ele- 
ments the excitation energy is concentrated in a limited number of possible 
electron jumps with the production of a rather simple spectrum (such as K or 
Hg), Fig. 501, whereas, in other elements the conditions in the atom may 
produce a scattering of the energy over a large number of possible electron 
jumps with the production of a very complicated spectrum (such as Fe or Mo). 

The theoretical spectroscopist often indicates these differences in energy 
levels in volts, but for purposes of analysis it is more convenient to record them 
in the frequency or wavelength of radiant energy which is produced by this 
voltage change. The unit of wavelength (X) in spectroscopy is usually the 
angstrom (A) (sometimes indicated by A, A.U., or I. A.) which may be defined 
as 1 A ==* 1 meter X 10“^*. Because of the importance of this unit and the large 

^ Chapter by Wallace B. Erode, Associate Professor of Chemistry, The Ohio State 
University. 
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number of accurate observations which are based on it, the actual unit of 
measure is not derived from subdivision of the meter but rather by the assign- 
ment to the red cadmium line the value 6438.4696 as the wavelength primary 
standard.- The various units for the indication of wavelength or frequency 
values bear the following indicated relationships. 



Fig. 501. Energy Level Diagram for Potassium (Numbers on lines between 
levels indicate the wavelength of the emitted energy.) 


Wavelength (X) (length of wave in a complete cycle). 

1 A (angstrom) = 10“^® meters = 1/6438.4696 of the wavelength 

of the cadmium red line. 

1 m/i— 10 A = 10~® meters. 

1 /X « 1000 m/x — 10,000 A = 10“* meters. 

Wavenumber iy') oscillations per unit distance. 

cm“^ = oscillations per cm. 

frequency (v): Vibrations per unit time. 

/ (fresnel) = vibrations/seconds X 10‘®. 

Relation between systems 

1/X at y' B* v/Z (for example, 5000 A = 500 m/i = 20,000 cm“* = 600 f) . 
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The photographic range of radiant energy includes the spectral range of 
2000 A to 14,000 A. This includes portions of the infra red, the visible region 
and portions of the ultraviolet. 


Infra red above 

Red 

YeUow 

Green 

Blue 

Ultraviolet below 


7500 A 
7500 to 6000 
6000 to 5500 
5500 to 5000 
5000 to 4000 
4000 A 


It is interesting to note that the wavelength region of the visible in mju 
units includes the numerical range from 400 to 750, while the frequency range 
for the same spectral range goes from 750 to 400/, For the recording of spectral 
data, especially in connection with absorption and band spectra, it is more 
advisable to record in frequency or wavenumber, in that the data is usually 
capable of analysis into multiple band systems on a frequency basis. If a 
quartz spectrograph is used the dispersion is nearly linear for the spectral region 
when plotted on a frequency scale so that the accuracy of plotting or reading 
is approximately the same in all regions of the spectrum. With a grating 
spectrograph the data is observed on a linear or nearly linear dispersion based 
on the wavelength scale. For all spectrographic data involving line or emission 
spectra the data are recorded in wavelength in angstrom units, and for nearly 
all types of qualitative and quantitative analysis this is the only system with 
which one need be familiar. 


APPARATUS 

Spectrographic analysis involves rather complicated apparatus and requires 
a considerable capital outlay with regard to the cost of the equipment. The 
upkeep, however, is slight and once the apparatus has been properly adjusted 
and calibrated the technical knowledge for the preparing of the photographic 
data and the interpretation of the data is such that much of the work can be 
done by technical assistance in the laboratory. The type of spectrograph 
necessary for analytical work will depend on the composition of the samples to 
be analyzed, the degree of accuracy expected and the speed with which the 
analysis must be made. For many of the non ferrous metals giving simple 
spectra, such as Zn, Cd, Hg, Ag, Au and the like a high dispersion spectrograph 
is not necessary. The usual type of Cornu prism instrument (Fig. 502) with 
a dispersion of about 10 inches from 7000 to 2000 A is quite satisfactory, and in 
some cases a slightly lower dispersion such as given by a small model Lit trow 
or the Cornu instruments may be sufficient for purposes of analysis (Figs. 503 
did 504). 
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For the analysis of ferrous metals, W, Mo, U, Pt and elements giving large 
numbers of lines it may be necessary to use an instrument capable of giving 
sufficient dispersion to separate the spectrum lines. For this purpose one 
usually employs a grating instrument or a prism instrument of the Littrow 
type (Figs. 505a, b and 506). 

PRODUCTION OF A SPECTRUM BY MEANS OF A PRISM 




Fig. 502. Production of a Spectrum by a Prism and an Optical Diagram of 
a Prism Spectrograph (drawing is not to scale). 


Both of these instruments (Cornu and Littrow) employ the same optical 
principles as indicated in the illustrating figures (Figs. 502 and 505). The 
prism spectrograph or spectroscope utilizes the optical principles of refraction 
and dispersion, i.e., the bending of a light beam by a prism and the fact that 



the degree of refraction is influenced by the wavelength or frequency of the 
incident light or radiant energy. For most spectrographs the prism and lens 
systems are made from quartz because of its transmission of radiant energy 
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over the entire spectral region to which the photographic plate is sensitive. 
The light which is focused on the slit of the instrument is collected by a collimat- 
ing lens so as to project a parallel beam through the prism. After refraction 



Fig. 504. Hilger Spectrograph (Small Size instrument No. E 484). 


by the prisms and the dispersion of the beam the light is focused by a second 
lens on the plate or eyepiece. It should be noted that in the Littrow instru- 
ment a single lens serves both as focusing and collimating, and the prism is only 
30° with a mirror back so that the light beam travels half way through what 



Fio. 505a. Small Littrow Spectrograph. (Bausch and Lomb.) 

would be a 60° prism if it were continued, and then 
beam passes through the prism twice. In view 
pieces, as well as size of the instrument, the Littrow 
well suited for the larger instruments with high dispersion. 


is reflected back so that the 
of the economy of quarts! 
construction is particularly 
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The illumination of the slit of the spectrograph may be varied to suit the 
conditions of the analysis. While the common practice is to focus the image of 



Fio. 505b- Illumination System for Small Littrow Spectrograph. 
(Bausch and Lomb.) 


the source on the slit, and so diaphragm the slit with a wedge or Hartmann 
diaphragm (Fig- 507) as to cut off undesirable illumination from certain portions 



Fia. 506. Hilger Littrow Spectrograph. 


of the source, there may be occasions where it is desirable to use a large 
amount of the sample so as to obtain an average analysis of the ^mple In this 

latter case the condensing lens may be entirely eliminated. I i iss i esira e 
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to diaphragm part of the source one may use screen absorbers near the focusing 
lens to reduce the total intensity. For certain types of analysis it is desirable 
to have the slit illuminated uniformly along its entire length ; this is especially 
true in the use of the logarithmic sector method or the step slit method of 
analysis. This can be easily accomplished by the use of a long focus lens placed 

as near the slit as is possible and placing 
the light source in such a position that 
the image of the source is focused on 
the collimating lens of the spectrograph 
(Li — Fig. 502). If. one attaches a rec- 
tangular diaphragm to this lens it is 
possible to eliminate the undesirable por- 
tions of the spectrum. This system 
of illumination does not make full use of the resolving power of the instrument, 
but in most cases this is not necessary and the reduction in the light intensity 
is not a serious handicap in most analytical work since the increased exposure 
pro\*ides for a more thorough sampling of the material to be analysed. 



Fig. 507. Wedge and Hartmann Dia- 
pliragm for Spectrograph Slit. 


LIGHT SOURCES 

Flame. — Flame sources are useful for rough qualitative tests which may 
be applied in addition to visual color tests of the flame, for such elements as 
Cu, Xa, Li, K, Ca, Sr, Ba, etc. The temperature and constancy of the flame 
are not very satisfactory for the spectre graphic analysis and with the exception 
of the alkali metals, those elements which give colored flames, usually do so as 
compounds with certain anions (i.e. CaCl'’“, CuCl’’", etc.), the color being caused 
by the band spectrum of the diatomic or triatomic molecule rather than by the 
simple element. A quantitative method has been described, however, for the 
estimation of boron by the color of the green flame produced by the burning of 
methyl borate, by which relatively small amounts of boron may be detected and 
estimated quantitatively. 

Arc. — The two most important methods of atomic excitation for spectro- 
graphic analysis are by means of the electric arc and the electric spark. It is 
difficult to draw a sharp dividing line between these methods especially when 
high voltage arcs of 2 to 3 thousand volts are commonly used. In general, 
however, the arc sources are confined to the use of current densities of 3 to 5 
amps, and 50 to 200 volts (Fig. 508). The arc constancy can be improved by 
the inclusion in the circuit of a reactance (such as the primary coil of a 1 KVA 
transformer in which the secondary circuit has been shorted). While the 
current source may be from 120 to 220 volts (DC) the actual drop across the 
arc gap may be only 40 to 60 volts, due to the use of a resistance in the circuit. 
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One usually uses rods of the sample about J inch in diameter. Metals are 
usually worked by using pairs of rods of the material. For non-conducting 
substances and small quantities, as well as solutions, carbon rods are usually 
used. In such cases the lower carbon is usually cupped so as to take the sample. 
The lower carbon may be the positive or negative electrode, depending on the 
substance for which the analysis is being made and the spectral characteristics 
desired. The commercially available carbon comes in several grades, of which 
the spectrographic and high purity types are suitable for most analyses. The 
highest purity material is usually free from nearly all impurities with the excep- 



t , 

I 





Fig. 508. Electrical Diagram for Spark and Arc Sources. r=Tr^former 10,(»0 
to 20 000 V.: /.-Self Inductance 0.25 millihenry; C-Capacity, 0.005 nncrofara^: 
D.C. Source 110-220 volts; = Resistance; Arc current 2 to 6 amps., 40-70 volts; 
/ = Reactance. 


tion of a trace of Si. Less expensive rods usually contain minute traces of 
Fe A1 Ca Cu Ti, Mg, and V. These may not interfere with the analysis 
or they can be removed by purification. One method of purification involves 
the soaking of the carbon in HCl and HNO 3 . A recently described method of 
purification which yields excellent results is effected by heating the carbon as a 
resistance rod to a temperature of about 2400“ in a vacuum furnace Tbs 
treatment seems to be effective in the removal of nearly all of the i^urities 
from carbon rods containing a considerable amount of impuri y. “ , 

it is possible to use pure metal electrodes, such as copper as e 
substance to be examined Duffendack and Wolfe a ve , , ... 

of a high volUge arc using 2.5 amps, at 2500 volts. It is c aimed 
cedure reduces if not entirely eliminates backgroun ^ formed bv the 

tion of salts the thin layer of salt solution on the carbon 
evaporation-of a drop of solution on the rods is ®“® 0 '''"VthrpWtrodes remlks 
tion of the carbon-cyanogen bands. The temperature 0 „„aivaed bv this 
very low so that low-melting alloys may he conveniently analysed by 

"''*SpMk.— The change in electrical excitation from arc to spark results in 
an alteration in the spectrum with regard to intensities of hues, pro uc 10 
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new lines and the elimination of arc lines. The usual electrical system is 
indicated in Fig. 508. The use of a self inductance changes the spark character- 
istics with a reduction in the intensity of air lines (from 0 and N) and in some 
cases may so alter the characteristics of the spark so that it may appear more 
like an arc spectrum. The self inductance does help stabilize the conditions, 
and it is to be recommended in spectrographic analysis, especially where it 
may be desirable to have reproducible conditions. There appears to be a satis- 
factory medium between the condensed and oscillatory spark since the factor 
determining the number of oscillations is a function of the product of the 
capacity of the condenser system and the inductance of the self inductance. 

Since the equipment available in each laboratory will differ in some detail 
and the conditions of excitation must be varied for different elemental analysis, 
it is not practical to give in this limited discussion any more detailed descrip- 
tions of arc and spark procedures. Nearly all articles on spectrographic 
analysis indicate with some detail the method of excitation and in attempting 
to duplicate such methods it is advisable to follow the excitation procedure as 
closely as possible. In the spectrographic analysis of solutions the sample 
may be applied to a carbon electrode and arcked or sparked or a spark discharge 
may be effected by using the solution as one electrode and a carbon, gold or 
copper rod as the other electrode. 

Other Light Sources. — For the analysis of gases one usually uses a gas 
discharge tube with a high frequency high voltage current. The presence of 
impure gases may often interfere with, or even completely eliminate, the lines 
of certain substances so that the method may not be entirely satisfactory. 
For the purpose of providing a background of nearly continuous radiation for 
the observation of absorption spectra one may use the incandescent tungsten 
filament for the visible and near ultraviolet. The ultraviolet range may be 
extended a little by the use of a special bulb of correx glass or a quartz window 
in the glass bulb. For an extension in the ultraviolet to the limit of the gelatin 
emulsion one may use an under water spark from a tesla coil or a hydrogen 
discharge, both of which give a continuous spectrum, without spectral lines over 
nearly the entire photographic range from 2000 to 8000 A. For some types of 
absorption work, especially where the bands are broad, satisfactory results can 
be obtained by using an arc or spark between tungsten, iron or nickel electrodes. 

Spectrographic Standards. — In the definition of dispersion measurement 
terms it was indicated that rather than defining wavelength in angstrom units 
as a ten thousand millionth of a meter it was defined as 1/6438.4696 part of the 
wavelength of the cadmium red line, and this line is known as the primary 
standard. As further guides in the measurement of the wavelength of un- 
known lines a number of secondary standards have been designated and their 
wavelength accurately measured. These secondary standards include some 
217 iron, 9 copper, 3 silicon, 2 nickel and 25 neon lines. The almost universal 
use of the iron spectrum as a means of identification and comparison of other 
spectra has resulted in the accurate determination of the wavelength values 
of some three hundred and eighty-four additional lines which are known as 
tertiary standards. The wavelength values of unknown lines can be accurately 
determined by measurement of the spacing between the unknown line and se- 
lected standard lines and the application of the Hartmann formula to these 
data. 
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For the identification of the unknown element in a spectro graphic analysis, 
a number of special tables and photographic charts have been prepared. These 
tables and charts may be subdivided and classified in accordance with their 
method of preparation and use. 

1. Spectrum lines in accordance with the element. The most complete 
table (in so far as it has been finished) is the Kayser-Konen Handbuch (Vol. 
7 and 8), in which the elements up to Nd in an alphabetical arrangement have 
been covered. It is of course impossible to cover adequately or report all of the 
possible lines of an element that might be produced by extremely long exposures 
or by increasing the Ionization state. The Kayser collection presents, however, 
the most complete assembly of spectral line values for these elements that has 
as yet been published. It is hoped that within a few years a more complete 
set of tables can be published from data which is being collected by G. R. 
Harrison of the Massachusetts Institute of Technology, and for which over two 
million line measurements have been made with an accuracy of within .001 A. 
Kayser published in 1910-1912 two volumes (Vol. 5 and 6 of the Kayser 
Handbuch der Spectroscopic) covering available data on the elements at that 
time. Other available lists included the data published by Exner and Haschek, 
the Tables Annuelles des Constantes and miscellaneous original research 
publications. For the aid of the qualitative spectroscopist condensed tables 
of the more intense lines have been published, the most convenient of these is to 
be found in the International Critical Tables. (This data is also reprinted in 
the Handbook of Chemistry and Physics.) It has been shown that upon 
dilution of elemental concentration of a known substance in an arc or spark, 
that the intensities of the spectral lines due to that element will be reduced and 
that the weaker lines will gradually fade out through lack of sufficient intensity 
to affect the photographic emulsion. The last lines to disappear are known as 
the persistent lines or the Raies Ultimes. These lines have been determined 
for nearly all of the known elements, together with their spectral class (Table I). 
In the examination of a spectrogram of an unknown sample for certain elements, 
the absence of the Raies Ultimes of that element in the spectrogram is usually 
sufficient proof for the absence of the element. 

2. A second type of spectral tabular data involves the arrangement of lines 
in accordance with wavelength values rather than by elements. This type of 
arrangement is particularly useful in the qualitative identification of unknown 
elements present in the sample. The best available table of this type is that of 
Kayser (Hauptlinien). There are a number of more condensed tables such as 
the 10,000 line table in the Lange Handbook, Twyman (second edition), Lowe, 
Scheibe, etc. A similar table to some of these has been prepared directly from 
more extended tables (Table II). This table is confined to the relatively more 
intense lines and especially those of the arc spectrum. It is of course difficult 
to know where to limit a table of this type since one may not be sure m the 
identification of a single line as to whether it is weak uncharted line of the 
element present in greatest amount or the strong line of the element present m 
weak amounts. For this reason it is usually customary to verify the presence 
of elements by the identification of several lines of the element in question. 
In Fig. 509, which shows the spectra of brass and copper pinples, one 
can note the procedure in the identification of impurity or alloying elements 
The method of taking photographs of comparison or pure samples adjacent 
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TABLE I 

Persistent Arc Lines of the Elements 
(I, II etc. indicate atomic states; ^ indicates the most persistent lines) 


Agl 

13280.7A 

3382.9 

Ag II 

2246.4 

2437.8 

All 

3082.2 

3092.7 

3092.9 

3944.0 

^3961.5 

AlII 

1671.0 

1856.0 

1858.1 
1862.5 

Aim 

1854.7 

1862.9 

As I 

1889.9 

1936.9 

1972.0 

2288.1 
2349.8 
2780.2 
2860.5 

Aul 

^2427.9 

2675.9 

BI 

2496.8 

12497.7 

BII 

1362.5 

3452.3 

Bal 

5424.6 
5519.1 
15535.5 

5777.7 

Ba II 

14554.0 

4934.1 

Bel 

12348.6 

3321.0 

3321.1 
3321.4 

Bell 

13130.4 

3131.1 

Bi I 

2061.7 
2276.6 

2780.5 

2809.6 

2898.0 
2938.3 

2989.0 

13067.7 

Cl 

'2478.6 

CII 

1334.5 

1335.7 

4267.0 

4267.3 

Cal 

14226.7 

4454.8 

4455.9 


Cal 

4456.6 

Ca II 

13933.7 

3968.5 

Cbl 

14059.0 
4079.7 

4101.0 
4123.9 

4137.1 

Cb II 

13094.2 

3130.8 

3163.4 
3195.0 

3225.5 

Cd I 

12288.0 

3403.7 

3466.2 

3510.5 

Cd II 

12144.4 

2265.0 

Ce II 

4012.4 

4040.8 

4165.6 

4186.6 

Col 

134.53.5 

3465.8 

3529.8 

Co II 

12286.2 

2307.8 
2378.6 

2388.9 

Crl 

142 . 54.3 

4274.8 

4289.7 

5204.5 

5206.0 

5208.4 

CrII 

1283.5.6 

2843.3 

2849.8 
2855.7 

2860.9 

Csl 

18521.2 
8943.6 
4555.3 

4593.2 

Cul 

'3247.5 

3274.0 

Cu II 

12136.0 

2192.3 

2247.8 

Dy I 

4000.5 

4046.0 

4078.0 

4168.0 
4211.7 

Erl 

3499.1 


Erl 

3692.7 


3906.3 

Eul 

4129.7 

4205.0 

Fel 

13719.9 

3737.1 

3745.6 

3748.3 

3745.9 

Fe II 

12382.0 

2395.6 

2404.9 

2410.5 

2413.3 

Gal 

4033.0 

14172.0 

Gd I 

3646.2 

3768.4 

Gel 

2651.2 

2651.6 

3039.1 

3269.5 

4226.6 

Hf I 

2898.2 

2904.4 

2916.5 

2940.8 

3072.9 

4093.2 

Hf II 

2513.0 

2516.9 

2641.4 

2773.4 
2820.2 
3134.7 

Hgl 

'1849.6 

2536.5 

3650.2 

3654.8 

3062.9 

Hg II 

1649.8 

1942.3 

Hoi 

3748.2 

3891.0 

Ho II 

2936.8 

In I 

4101.8 

14511.3 

Ir I 

2849.7 

2924.8 

13220.8 

3437.1 

3513.7 

KI 

4044.2 

4047.2 
17664.9 
7699.0 


Lal 

5455.1 

15930.6 

6249.9 

La 11 

13949.1 

4077.4 

4123.2 

Lil 

3232.7 

^5707.9 

Lul 

4518.5 

Lu II 

2894.9 

2911.4 
3397.0 

3472.5 
3554.4 

Mg I 

12852.1 

3829.4 

3832.3 

3838.3 

Mg II 

'2795.5 

2802.7 

Mn I 

'4030.8 

4033.1 

4034.5 

Mn II 

'2576.1 

2593.7 

2605.7 

Mol 

'3798.3 

3864.1 

3903.0 

Mo II 

'2816.2 

2848.2 

2871.5 

2891.0 

2909.1 

Nal 

3302.3 

3302.9 
5890.0 

5895.9 

Ndl 

3951.2 

4177.3 
4303.6 

Ni I 

'3414.8 

3493.0 

3515.1 
3524.5 

Ni II 

2253.9 

2264.5 

2270.2 

'2287.1 

ObI . 

3262.3 

3267.9 

3301.6 

3752.5 

3782.2 

PI 

1774.8 

1782.7 
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PI 

1787.5 

2136.8 

2149.8 
2536.4 
2554.0 

Pbl 

12170,0 
2833.1 
3639.6 
3683.5 
• 4057.8 
1682.4 

Pb II 

12203,6 

Pd I 

13404.6 

3421.2 

3517.0 

3609.6 

3634.7 

Pd II 

2488.9 

2498.8 

2505.7 

2658.7 
2854.6 

Pr I 

4062.8 

4179.4 

4189.5 
4225.3 

PtI 

2659.4 

2830.3 

2929.8 

2998,0 

13064.7 

Ra I 

14825.9 

Rail 

13814.4 

4682.2 

Rb I 

4201.8 

4215.6 
17800.3 

7947.6 

Rbl 

3323.1 

3396.8 

13434.9 

3658.0 

3692.4 


Ru I 

3436.7 

13499.0 

3596.2 

Ru II 

2678.7 
2692.1 
2712.4 

2945.7 

2965.6 

2976.6 

Sal 

4390.9 

4424.4 

4434.3 

Sbl 

2068.4 
2175.9 

2311.5 

2528.5 
2598.1 

3232.5 

3267.5 

Sc I 

3907.5 

13911.8 

Sc II 

13613.8 

3630.8 
3G42.8 

Sel 

1960.2 


2039.7 

2062.6 

14730.9 

4739.1 

4742.3 

Si I 

2506.9 

2516.1 

2528.5 
12881.6 

3905.5 

Si II 

1526.8 

11533.6 

Sn I 

2840.0 

2863.3 

3009.1 

3034.1 
3175.0 

3263.3 


4524.7 

14607.3 

4832.1 

4872.5 

4962.3 

14077.7 

4215.5 

13311.1 
3318.9 

3406.7 

3509.2 

3561.8 

3848.8 

3874.2 

2142.8 

2383.3 

2385.8 

2530.7 

2769.7 

3538.8 

3601.1 

4019.1 

3290.6 

3635.5 

3642.7 

13653.5 

4981.7 

4991.1 

4999.5 

5007.2 

5014.3 
Ti II 13349.0 

3361.2 

3372.8 

3383.8 
Tl I 3775.7 

15350.5 

Ta I 3462.2 

3761.3 

3761.9 
U I 3552.2 

3672.6 

4241.7 


VI 

3183.4 

3184.0 

3184.0 

^3185.4 

VII 

13093.1 

3102.3 
3110.7 

3118.4 
3125.3 

WI 

14OO8.8 

4294.6 

4302.1 

WII 

2397.1 

2589.2 
3613.8 

YI 

4643.7 

14674.8 

Yt II 

13710.3 

3774.3 
3788.7 

Yb I 

3289.4 

3694.2 

3988.0 

Zn I 

12138.5 
3282.3 
3302.6 

3344.5 

Zn 11 

12025.5 

2061.9 

Zr I 

13519.6 

3547.7 

3601.2 

4687.8 
4710.1 

4739.5 

4772.3 

4815.6 

Zr II 

13392.0 

3438.2 

3496.2 
3572.5 


TABLE L CorUinited 

Sn I 
Sri 

Sr II 
Tal 

TbI 

Te I 

Th I 


Th II 
Ti I 


to the unknown sample provides a rapid procedure for the identification of 
impurity lines and the approximate identification of the wave length value, 
especially if the adjacent spectrum be iron or some other element which gives 
a large number of lines and for which accurate photographic charts are avail- 
able. In connection with the spectrographic program at the Massachusetts 
Institute o( Technology it is hoped that a table of 100,000 or 200,000 lines 
arranged in accordance with the wavelength of the line will be pablished. 

The photographic charts available are usually of the iron spectrum although 
there are charts for some other elements such as Cu and Ne. A number of 
elements are available in extremely high states of purity for the purpose of 
taking comparison spectra. The most complete photographic set of data avail- 
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TABLE II 


Arc Lines or the ELEMErrrs 

(arranged according to wavelength values, I, II indicate atomic stat^) 


Zn II 

2025.5A 

As I 

2349.8 

Pd II 

2505.7 

Pt 

2650.9 

Sel 

2039.7 

Pd 

2351.4 

Ag 

2506.7 

Be 

2650.9 

Bil 

2061.7 

Sn 

2354.8 

Si 

2506.9 

GqI 

2651.2 

Znll 

2061.9 

Co 

2363.8 

Ni 

2510.9 

Gel 

2651.6 

Sel 

2062.6 

Al 

2367.1 

Hf II 

2513.0 

All 

2652.5 

Sbl 

2068.4 

As 

2369.7 

Si I 

2514.3 

PtI 

2659.4 

Cu II 

2135.9 

Cul 

2369.9 

Si I 

2516.1 

Ag 

2660.4 

PI 

2136.8 

As 

2370.8 

Hf n 

2516.9 

Sn 

8661.3 

Znl 

2138.5 

All 

2373.1 

Si I 

2519.2 

Pb 

2663.2 

Tel 

2142.8 

Coll 

2378.6 

Co 

2519.8 

Cr 

2666.0 

Cd II 

2144.4 

Fe II 

2382.0 

Fe 

2522.9 

AlII 

2669.2 

P I 

2149.8 

Tel 

2383.3 

Si I 

2524.1 

Cr 11 

2671.8 

Pbl 

2170.0 

Tel 

2385.8 

Fel 

2524.3 

Mo 

2672.8 

Sbl 

2175.9 

Coll 

2388.9 

Cs 

2525,6 

Aul 

2676.0 

Pb II 

2203.6 

Pb 

2393.8 

Fel 

2527.4 

Cr 

2677.2 

Cu 

2227.8 

Ni 

2394.6 

Ba II 

2528.5 

V 

2678.6 

Cu 

2230.1 

Fe II 

2395.6 

Si I 

2528.5 

RuII 

2678.7 

Cu 

2242.6 

WII 

2397.1 

Sbl 

2528.5 

Cr 

2678.8 

Cu 

2247.0 

Fe II 

2404.9 

Go I 

2529.0 

Mo 

2684.1 

Cu II 

2247.8 

Fe 

2406.7 

Te I 

2530.7 

Pt 

2702.4 

Ag 

2248.7 

Co I 

2407.3 

PI 

2535.6 

Pt 

2705.9 

Ni II 

2253.9 

Fe II 

2410.5 

Hgl 

2536.5 

V 

2706,2 

Te 

2255.5 

Ag 

2411.4 

Mo 

2538.5 

Sn 

2706.5 

Te 

2259.0 

Ag 

2413.2 

Ni 

2545.9 

Ge 

2709.6 

All 

2263.5 

Fe IT 

2413.3 

P 

2553.3 

V 

2715.7 

MIT 

2264.5 

Ni 

2416.1 

Zn II 

2558.0 

Pt 

2719.0 

Cdll 

2265.0 

Pd 

2424.5 

Fell 

2562.5 

Fe 

2719.0 

Te 

2265.5 

Pd 

2426.9 

Al 11 

2568.0 

Fel 

2721.0 

Ai I 

2269.1 1 

Mil II 

2427.8 1 

Zr 

2571.4 

Fe II 

2739.6 

Ni II 

2270.2 ! 

Mn II 

2427.9 * 

W 

2572.3 

Fell 

2743.2 

Bil 

2276.6 

Au I 

2427.9 

Cd II 

2573.0 

As I 

2745.0 

Co 11 

2286.2 

Sn 

2429.5 

A) I 

2575.1 

Fe II 

2746.5 

Ni II 

2287.1 

Pd 

2430.9 

Mnll 

2576,1 

Au 

2748.3 

Cdl 

2288.0 

Pd 

2433.1 

Pb 

2577.3 

Cd II 

2748.7 

As 1 

2288.1 

Si I 

2435.2 

Co 

2580.3 

Fel 

2749.3 

Ni 

2290.0 

Pd 

2435.3 

Fe 

2585.9 

CrII 

2750.7 

Pd 

2296.5 

Mn 11 

2437.5 

Ge 

2593.6 1 

W 

2764.3 

C 

2296.8 

Ag II 

2437.8 

Mn 11 

2593.7 

Cr II 

2766.5 

La 

2297.8 

Ni 

2437.9 

Sbl 

2598.1 

Ag 

2767.5 

Ba II 

2304.2 

Ag 

2447.9 

Fe II 

2598.4 1 

Fel 

2767.5 

Co II 

2307.9 

Mnll 

2452.5 

Fe 11 

2599.4 

Til 

2767.9 

Ag 

2309.5 

As 

2456.5 

Mn II 

2605.7 

Te 

2769.7 

Sbl 

2311.5 

i Ag 

2473.9 

Fe II 

2607.1 

vSbl 

2769.9 

CgI 

2311.6 

1 K 

2476.4 

Fell 

2611.9 

Hf II 

2773.4 

Cd 11 

2312.9 

cu 

2478,6 

Pb 

2613.7 

Mg I 

2776.7 

Ni 

2316.0 

Fe 

2483.3 

Fe II 

2613.8 

Mg I 

2778.3 


2317.0 

Fel 

2484.2 

Pb 

2614.2 

Mg I 

2779.9 

Ag 

2320.2 

W 

2488.8 

Ft 

2628.0 

As I 

2780.2 

Ag 

2324.6 

Pd II 

2488.9 

Fe II 

2628.3 

Bi I 

2780.5 

Ag 

2331.4 

As 

2492.9 

Cs 

2630.6 

Mg I 

2781.4 

Fell 

2332.8 

Be 

2494.4 

Fe II 

2631.1 

Mg i 

2783.0 

Ba II 

2335.3 

Be 

2494.9 

Al II 

2631.6 

Mg II 

2790.8 

Fe 11 

2343.5 

BI 

2496.8 

Ba 

2634.8 

Mg II 

2795.5 

Ba !I 

2347.6 

B I 

2497.7 

Hf II 

2641.4 

Mg II 

2798.0 

Fell 

2348.1 

Pd 11 

2498.8 

Au 

2641.5 

Mnl 

2798.3 

Bel 

2348.6 

Zoll 

2502.0 

Be 

2650.3 

Mai 

2801.1 



SPECTROGRAPHIC ANALYSIS 

TABLE II. Continued 


Au 

2802.2 

Mg II 

2802.7 

Bil 

2809.6 

Mo II 

2816.2 

Aill 

2816.2 

Hf II 

2820.2 

Pb 

2823.2 

Ft I 

2830.3 

Pb I 

2833,1 

Cr II 

2835.6 

Cdt 

2836.9 

SnI 

2840.0 

Cr 

2840.0 

Cr IT 

2843.3 

Mo II 

2848.2 

Ir II 

2849.7 

Cr IT 

2849.8 

Mg I 

2852.1 

Mo 

2853.2 

Pd II 

2854.6 

Cr II 

2855.7 

As I 

2860.5 

Cr II 

2860.9 

SnI 

2863.3 

Mo II 

2871.5 

Pb 

2873.3 

Sbl 

2877.9 

Si I 

2881.6 

Mo 11 

2891.0 

V 

2891.7 

V 

2892.7 

V 

2893.3 

Lull 

2894.9 

Bil 

2898.0 

Hf I 

2898.3 

As I 

2898.7 

Lu II 

2900.3 

Hf I 

2904.4 

V 

2908.8 

Os 

2909.1 

Mo II 

2909.1 

Lull 

2911.4 

Hf I 

2916.5 

V 

2924.0 

Irl 

2924.8 

Mg 11 

2928.7 

Pt I 

2929.8 

Mn 11 

2933.1 

Mg II 

2936.5 

Ho II 

2936.8 

Bil 

2938.3 

Hf I 

2940.8 

Ru II 

.2945.7 

Mn II 

2949.2 

Ru II 

2965.6 

Hgl 

2967,3 

Ru II 

2976.6 

Cdl 

2980.6 

Pel 

2983.6 

Bil 

2989.0 


Bil 

2993.3 

PtI 

2998.0 

Nil 

3002.5 

Nil 

3003.6 

SnI 

3009.1 

Ni I 

3012.0 

Cr 

3014.9 

Fe I 

3020.7 

Fe I 

3021.1 

Bi 

3024.6 

Sb I 

3029.8 

SnI 

3034.1 

Nil 

3037.9 

Gel 

3039.1 

In I 

3039.4 

Co I 

3044.0 

Fel 

3047.6 

Nil 

3050.8 

Ni I 

3054.3 

Ni I 

3057.7 

Os I 

3058.7 

Pt I 

3064.7 

Ti II 

3066.4 

V 

3066.4 

V 

3067.1 

Bil 

3067.7 

Ti II 

3072.1 

Hf 

3072.9 

Ti 11 

3075.2 

Zn 1 

3075.9 

A1 I 

3082.2 

Ti 11 

3088.0 

Mg I 

3091.1 

All 

3092.7 

Al 

3092.9 

Mg I 

3093.1 

VII 

3093.1 

Cb II 

3094.2 

Mg I 

3096.9 

V II 

3102.3 

V 11 

3110.7 

VII 

3118.4 

Mo 

3122.0 

Au 

3122.8 

V II 

3125.3 

Hgl 

3125.6 

bIit 

3130.4 

Ob II 

3130.8 

Bell 

3131.1 

Hgl 

3131.6 

Hgl 

3131.8 

Mol 

3132.6 

Irl 

3133.3 

Hf II 

3134.7 

Ca II 

3158.9 

Cb 11 

3163.4 

Ti II 

3168.5 

Mo I 

3170.3 

Sn I 

3175.0 

Ca II 

3179.3 


VI 

3183.4 

VI 

3184.0 

VI 

3185.4 

Mo I 

3194.0 

Cb II 

3195.0 

YII 

3195.6 

Til 

3199.9 

Irl 

3220.8 

Cb II 

3225.5 

Sbl 

3232.5 

Li I 

3232.7 

Till 

3234.5 

Ti II 

3236.6 

Ti II 

3239.0 

Ti II 

3242.0 

Pd I 

3242.7 

Cu I 

3247.6 

Cd II 

3250.3 

Cdl 

3252.5 

Ini 

3256.1 

Cd I 

3261.1 

Os I 

3262.3 

Sn I 

3262.3 

Sb I 

3267,5 

Os I 

3267.9 

Gel 

3269.5 

Zr II 

3273.1 

Cul 

3274.0 

Zr II 

3279.3 

Ag I 

3280.7 

Zn I 

3282.3 

Sn 

3283.5 

Zr I 

3284.7 

Th II 

3290.6 

Th II 

3300.5 

Os I 

3301.6 

Pd 

3302.1 

Nal 

3302.3 

Zn 1 

3302.6 

Na I 

3302.9 

Tal 

3311,1 

Th 

3313.7 

Ta I 

3318.9 

Be I 

3321.0 

Be 1 

3321.1 

Be I 

3321.3 

Ti II 

3322.9 

RhI 

3323.1 

Sn 

3330.6 

La II 

3337.5 

Ti II 

3341.9 

Zn I 

3345.0 

Znl 

3345.5 

Till 

3349.0 

Ti II 

3349.4 

Sn 

3352.3 

Til 

3354.6 

Zr II 

3357.3 

Mo I 

3358.1 

Cbl 

3358.4 
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Ti II 

3361.2 

Til 

3371.5 

Ti II 

3372.8 

Ti I 

3377.6 

Ni I 

3380.6 

Ag I 

3382.9 

Ti II 

3383.8 

Zr 

3387.9 

Co I 

3388.2 

Zr 

3388.3 

Zr II 

3392.0 

Nil 

3393.0 

Co I 

3395.4 

Rh I 

3396.8 

Lull 

3397.0 

Rel 

3399.3 

Hf 

3399.8 

Cd I 

3403.7 

Pd I 

3404.6 

Co 

3405.1 

Tal 

3406.9 

Col 

3409.2 

Zr II 

3410.3 

Co I 

3412.3 

Nil 

3414.8 

Pd I 

3421.2 

Pd I 

3433.4 

Nil 

3433.6 

RhI 

3434.9 

Rul 

3436.7 

Irl 

3437.0 

Nil 

3437.3 

Zr II 

3438.2 

K 

3440.4 

Fel 

3440.6 

Fel 

3441.0 

Pd 

3441.4 

Mn II 

3442.0 

Nil 

3446.3 

Mo 

3447.1 

K 

3447.4 

BIT 

3452.3 

Co I 

3453.5 

Mn II 

3460.3 

Pd 

3460.8 

TuT 

3462.2 

Co I 

3462.8 

Sr II 

3464.5 

Rel 

3464.7 

Col 

3465.8 

Cdl 

3466.2 

Cd I 

3467.7 

Lull 

3472.5 

Co I 

3474.0 

Mn 11 

3474.0 

Fel 

3475.5 

Zr 

3481.2 

Pd I 

3481.2 

Mn II 

3482.9 

Mn II 

3488.7 
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Fel 

3490.6 

Hgl 

3662.9 

Fe I 

3886.3 1 

Th 

4116.8 

Nil 

3493.0 

Hgl 

3663.3 

Ho I 

3891.0 1 

Co I 

4118.8 

Zr II 

3496.2 

U 

3670.1 

Ba II 

3891.8 1 

Col 

4121.3 

Rul 

3499.0 

Pb 

3671.5 

Ti 11 

3900.5 1 

La II 

4123.2 

Er 

3499.1 

UI 

3672.6 

Mo I 

3903.0 

Cb I 

4123.9 

Bal 

3501.1 

Pbl 

3683.5 

Si I 

3905.5 1 

V I 

4128.1 

Col 

3502.3 

Ti II 

3685.2 

Erl 

3906.3 

Eu II 

4129.7 

RhI 

3502.5 

Pd 

3690.4 

Scl 

3907.5 

Ba II 

4130.7 

TbI 

3509.2 

RhI 

3692.4 

Scl 

3911.9 

V I 

4132.0 

Irl 

3513.7 

Erl 

3692.7 

Pt 

3923.0 

Li I 

4132.4 

Nil 

3515.1 

Ybl 

3694.2 

Ca II 

3933.7 

Ce 

41^3.8 

Pd I 

3,517.0 

Zr 

3698.2 

A1 I 

3944.0 

V I 

4134.5 

TII 

3519.2 

RhI 

3700.9 

La II 

3949.1 

Cbl 

4137.1 

Zr I 

3519,6 

YII 

3710.3 

Nd I 

3951.2 

Ce 

4137.6 

Nil 

3524.5 

Fel 

3719.9 

Til 

3950.3 

Ce 

4165.6 

Co I 

3526.9 i 

Fel 

3722.6 

Til 

3958.2 

Dyl 

4168.0 

RhI 

3528.0 

Rul 

3726.9 

RhI 

3958.9 

Pb 

4168.0 

Col 

3529.8 

Rul 

3728.0 

All 

3961.5 

Gal 

4172.1 

Th 

3538.8 1 

Fel 

3734.9 : 

Ti 1 

3964.3 

Hf 

4174.3 

Zrl 

3547.7 

Fel 

3737.1 

Pt 

3966.4 

Nd I 

4177.3 

U I 

3552.2 

Pb 

3740.0 

Call 

3968.5 

YII 

4177.5 

Pd I 

3553,1 ' 

Th 

3741.2 ! 

Til 

3981.8 

Pr I 

4179.4 

Lull 

3,554.4 

Fel 

3745.6 

Yb I 

3988.0 

Cell 

4186.6 

Ce 11 

3560.8 

Fel 

3745.9 

La II 

3988.5 

Pr I 

4189.5 

TbI 

3561.8 

Ho I 

3748.2 

Ti I 

3989.8 

Rb I 

4201.8 

Fel 

3570.1 

Fel 

3748.3 

Co I 

3995.3 

Eul 

4205.0 

Zr 11 

3572.5 

Fe 

3749.5 

Til 

3998.6 

Rh I 

4211.1 

Sc II 

3572.6 

Osl 

3752.5 

Dy I 

4000.5 

Dy I 

4211.7 

Pb 

3572.7 

Fe I 

3758.2 

W I 

4008.8 

Ag I 

4212.0 

CrI 

3578.7 

Ti II 

3759.3 

Cell 

4012.4 1 

Sr II 

4215.5 

Nbl 

3580.3 

Tu I 

3761.3 

ThI 

4019.1 

Rb I 

4215.6 

Sell 

3581.0 

Tul 

3761.9 

Sc I 

4020.4 1 

Pr I 

4225.3 

Fel 

3,581.2 

Fe I 

3767.2 

Sc I 

4023.7 1 

Ge I 

4226.6 

Ru I 

3593.0 

Gd I 

3768.4 

Mnl 

4030.8 

Ca I 

4226.7 

CrI 

3593.5 

Y II 

3774.3 

Ga I 

4033.0 ! 

IT I 

4241.7 

Rul 

3,596.2 

TI I 

3775.7 

Mn I 

4033.1 

Sc II 

4246.9 

Rh 

3596.2 

Hf 

3777.6 

Mnl 

4034.5 

CrI 

4254.3 

Y II 

3600.7 

Osl 

3782.2 

Ce II 

4040.8 1 

Osl 

4260.9 

Th I 

3601.1 

Y II 

3788.7 

K I 

4044.2 

C II 

4267.1 

Zrl 

3601.2 

Mo I 

3798.3 

Fe I 

4045.8 1 

C II 

4267.3 

CrI 

3605.3 

Ru I 

3798.9 

Dy I 

4046.0 ! 

Fe I 

4271.8 

Pd I 

3609.6 

RhI 

3799.3 

Hgl 

4046.6 

('r I 

4274.8 

Cd I 

3610.5 

Sn 

3801.0 

K I 

4047.2 1 

Th 

4282.0 

W 

3613.8 

Ce 11 

3801.5 

Pb I 

40.57.8 1 

Ca I 

4283.1 

Sc n 

3613.8 

Rail 

3814.4 

Cb I 

4059.0 

Cb I 

4289.4 

Ni I 

3619.4 

Fel 

3820.4 

Pr I 

4062.8 

CrI 

4289,7 

Sell 

3630.8 

Fel 

3827.8 

Fe I 

4063.6 

WI 

4294.6 

Pd I 

3634.7 

Mgl 

3829.4 

W I 

4074.4 

W I 

4302.1 

Ti I 

3635.5 

Mgl 

3832.3 

La 11 

4077.4 

Cal 

4302.5 

Pbl 

3639.6 

Mgl 

3838.3 

Sr II 

4077.7 

Nd 

4302.1 

Ti I 

3642.7 

(hi 

3842.1 

Dyl 

4078.0 

Ti I 

4305.9 

Sell 

3642.8 

TbI 

3848.8 

V 

4090.3 

Fel 

4307.9 

Gdl 

3646.2 

RhI 

38,56.5 

Hf I 

4093.2 

Sc II 

. 4314.1 

Fel 

3647.9 

U 

38.59.6 

V I 

4099.8 1 

Cal 

4318.7 

Hgl 

3650.2 

Fel 

3859.9 

Cbl 

4101.0 1 

Ce 

4320.7 

Sell 

3651.8 

Mol 

3864.1 

Ini 

4101.8 

Sc 11 

4320.8 

Til 

3653.3 

WI 

3868.0 

VI 

4105.2 1 

Sc II 

4325.0 

Hgl 

3654.8 

Co I 

3873.1 

Col 

4110.5 1 

Fel 

4325.8 

^I 

3658.0 

Col 

3873.9 

VI 

4111.8 1 

U 

433,3.8 

Rul 

3661.4 

Tb I 

3874.2 

VI 

4110.7 1 

U 

4334.0 
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u 

4341.7 

Bel 

4572.7 

Li 

4971,9 

Hgl 

4358.3 

Csl 

4593.2 

Nal 

4979.0 

Sell 

4374.5 

Ce 

4593.2 

Ti I 

4981,7 

Rh I 

4374.8 

VI 

4594.1 

Ti I 

4991.1 

YII 

4375.0 

Li I 

4603.2 

Til 

4999.5 

VI 

4379.2 

Sri 

4607.3 

Til 

5007.2 

Mo 

4381.7 

Ce 

4628.2 

Til 

5014.3 

Th 

4381.9 

YI 

4643.7 

Til 

5016-2 

Ce 

4382.2 

Agl 

4668.5 

Th 

5017.2 

Fel. 

4383.5 

Y I 

4643.7 

V 

5027.4 

VI 

4384.7 

Ag I 

4668.5 

Sc 

5031.0 

VI 

4390.0 

YI 

4674.8 

Th 

5049.8 

Sal 

4390.9 

Cdl 

4678.2 

W 

5053.3 

Th 

4391.1 

Zn I 

4680.1 

Cc 

5079.7 

V I 

4395.2 

Ra II 

4682.2 

Ni 

5080.5 

Sc II 

4400.4 

Zrl 

4687.8 

Ni 

5081.1 

VI 

4400.6 

SI 

4694.2 

Sc I 

5081.6 

Fe II 

4404.8 

SI 

4695.5 

Sc I 

5083.7 

VI 

4406.7 

SI 

4G96.3 

Cd I 

5085.8 

VI 

4408.2 

Mg I 

4703.1 

Cu 

5105.6 

VI 

4408.5 

Mn I 

4709.7 

Cul 

5153.2 

Mo 

4411.7 

Zrl 

4710.1 

Pd 

5163.8 

Os I 

4420.5 

Ni I 

4714.4 

Mg I 

5167.3 

Sa I 

4424.4 

Zn I 

4722.2 

Ru 

5171.0 

Cal 

4425.4 

Bil 

4722.5 

Mg I 

5172.7 

La 

4429.9 

Mnl 

4727.5 

Mg I 

5183.6 

Sal 

4434.4 

Sel 

4730.9 

CrI 

5204.5 

Mo 

4435.0 

Sel 

4739.1 

Cr I 

5206.0 

Ca I 

4435.0 

Zr I 

4739.5 

CrI 

5208.4 

Cal 

4435.7 

Se 1 

4742.3 

Agl 

5209.0 

Nd 

4446.4 

Mn I 

4754.1 

Cul 

5218.2 

Nd 

4451,0 1 

Mill 

4762.4 

W 

5224.7 . 

Cal 

4454.8 1 

Zr I 

4772.3 

Fe 

5227.2 

Cal 

4455.9 

Mn I 

4783.4 

Pt 

5227.6 

Ca I 

4456.6 

Pd 

4788.2 

Fel 

5232.9 

V I 

4460.3 1 

Au 

4792.6 

Fel 

5269.5 

Nd 

4463.0 

Col 

4792.9 

Pd 

5295.6 

U 

4472.3 ' 

Os 

4794.0 

Pt 

5301.0 

Ba I 

4489.0 

Cd I 

4799.9 

Fc I 

5328.0 

Ini 

4511.3 

Zn I 

4810.5 

Til 

5350.5 

Re I 

4513.3 

Co I 

4813’.5 

Pt 

5369.0 

Lul 

4518.5 

Zrl 

4815.6 

Fe I 

5371.5 

Ce 

4523.1 

Pd 

4817.5 

Pt 

5390.8 

Sn I 

4524.7 

Mn I 

4823.5 

CrI 

5409.8 

Ce 

4528,4 

Ral 

4825.9 

Bal 

5424.6 

C« 

4528.5 

Sri 

4832.1 

Lai 

5455.1 

Rh 

4528.7 

V I 

4851.5 

Hgl 

5460.7 

Til 

4533.3 

Th 

4863.2 

Ag I 

5465.4 

Til 

4534.8 

V I 

4804.8 

Ag I 

5471.0 

Til 

4535.6 

Col 

4867.9 

Pt 

5475.8 

Til 

4535.9 

Ru 

4869.2 

Ni I 

5476.9 

Til 

4536.1 

Sri 

4872.5 

Pt 

5478.5 

Ce 

•4539.7 

Pd 

4876.4 

W 

5492.3 

Ball 

4554.0 

V I 

4875.5 

V 

5492.9 

Ru 

4554.5 

V I 

4881.6 

Mo I 

5506.5 

Csl 

4555.3 

Re I 

4889,2 

Ce 

5512.1 

Ce 

4562.4 

Th 

4919.8 

W 

5514.7 

Mg I 

4571.1 

La 

4921.8 

Bal 

5519.1 

Rb 

4571.8 

Ba II 

4934.1 

Sc 

5526.8 

Ce 

4572.3 

Sri 

4934.1 

U 

5527,8 


Mg I 

5528.5 

Mol 

5533.0 

Bal 

5.535.5 

Pd 

5542.8 

Pd 

5547.0 

Bi 

5552.2 

Mol 

5570.5 

Cal 

5590.1 

Pb 

5608.8 

Be 

5671.8 

Nal 

5682.8 

Sc 

5686.9 

Nal 

5688.3 

Cul 

5700.3 

Hgl 

5769.6 

Bal 

5777.7 

Cul 

5782.1 

K1 

5782.6 

Hgl 

6790.7 

K 

5801.9 

Ta 

58il.l 

K 

5812.4 

Au 

5837.4 

Pt 

5840.1 

Mol 

5858.3 

Mol 

5888.3 

Nal 

5890.0 

Nal 

5895.9 

U 

5915.4 

Lai 

5930.6 

Pb 

6002.0 

Mnl 

6Q13.5 

Mn I 

6016.6 

Mnl 

6021.8 

Mol 

0030.7 

Li I 

6103.0 

Cal 

6122.2 

Ba II 

6141.8 

Cal 

6162.2 

A1 II 

6231.8 

All! 

6243.4 

Lai 

6249.9 

Sc I 

6305.7 

Zn I 

6362.4 

Ta 

6430.8 

Cdl 

6438.5 

Cal 

6439.1 

V 

6449.2 

Cal 

6462.6 

Ta 

6485.4 

Cal 

6493.8 

Ba II 

6496.9 

Ta 

6516.1 

Li I 

6707.9 

KI 

6911.3 

KI 

6939.0 

KI 

7664.9 

KI 

7699.0 

Rb I 

7800.3 

Rbl 

7947.6 
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2963. 00- Fe 
2973 60 Fe 
2984.20 Fe 
2994.40 Fe 
3020.90- Zn 
3033.40.Sn 
3046^ Fe 
3072.76-Zn 
3075.95-2n 


3260.60 Sn 
3282.10-Zn 
3304.60Zn 

3344.55Zn 


3381.43 

3402-23 


Fio. 509. Arc Spectra of Copper and Brass Samples. 
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able at the present time is the Eder and Valenta atlas, which includes arc, spark 
and flame spectra of nearly all of the available elements, taken with glass prism, 
quartz prism and grating spectrographs. The dispersion, however, is not 
satisfactory for the accurate identification of many elements, especially where 
the spectrum is complicated. Adam Hilger have published several photo- 
graphic tables, one of which gives the persistent lines of a large number of 
elements. They also have published iron, copper and neon spectra in which 
the dispersion is high and a large number of the lines identified. To further 
aid m the identification of other elements, tables have been prepared in which 
111 addition to the iron spectrum, there is indicated the position at which a 
strong line of some other element would appear if it were present. Tables of 
this type have been published by Bardet, Crook and others. From the tables 
in this chapter and with the use of an accurately calibrated scale on the instru- 
ment or with an iron spectrum in contact with the unknown spectrum and a 
photographic identification of the iron spectrum, one can satisfy nearly all the 
requirements of the qualitative analysis of elements by the spectrograp h i e 
method. 


QUANTITATIVE ANALYSIS 

de Gramont has proposed that tlie ultimate lines or the Raies Ultimes of the 
elements are to a certain degree the basic lines of the element and as such 
their intensity will be proportional to the amount of the element present. The 
first practical application of this theory to quantitative analysis was made by 
Meggers Kiess and Stimson in the analysis of platinum metals. In all of the 
suggested methods of quantitative spectrographic analysis the results are 
dependent on the known chemical composition of comparative standards. 
One might subdivide the methods into those in which the comparative standard 
is observed under similar conditions to that of the unknown observation, and 
those in which the standard substance is added to the unknown so that both 
photographs are made simultaneously. 

Comparison with Standards. — Certain of the tentative standard and 
recommended methods of analysis of materials by the spectrographic method 
involve the comparison of line intensities between standard photographs and 
unknown photographs taken under similar conditions. If the conditions of 
exposure, development, slit, current density, and type of plate are maintained 
it may ncft be necessary to repeat the photograph of the known standard but 
merely to compare with a previously prepared standard negative. A certain 
amount of possible error can be avoided by the taking of a photograph of the 
standard sample adjacent to the unknown sample on the same negative. In 
many cases this method of comparative analysis is satisfactory.^ On account 
uf the large number of variable factors "which exist it is not possible to supply 



2610 


SPECTROGRAPHIC ANALYSIS 


standard spectra or spectrum plates for the comparison measurements, so that 
each worker must provide his own comparative standards. 

Internal Standards. — The satisfactory results obtained in the analysis of 
substances by comparison photographs has led to the improvement of the 



Fig. 510. Working Curve for the Analysis of Bismuth, Using Tin ns the In- 
ternal Standard. Determinations made by the Log Sector Method. Bi= 2989.04 A, 
Sn = 3009.14 A. 
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method by the incorporation of a standardizing substance with the material 
which IS being analysed. This procedure eliminates many of the possible 
sources of error, since the two exposures are made simultaneously. The method 
of internal standards requires the preparation and study of a series of known 
mixtures and the measurement of the relative intensities of known and un- 
known lines. The logarithm of the ratio of line densities, plotted against the 
log of the concentration of the element to be analysed for, should yield a working 
diagram frora_ which the concentration in an unknown sample could be deter- 
mined. In Figs. 510 and 511 and Table HI are given sample working curves 


TABLE III 

Report ox Working Curve Data 
SpectrograpHc Analysis for Bismuth 
Internal Standard = Tin 


Sample 

% Bi 

Lor % 
Bi 

% 

Sn 

Log Sector Method 

Photometer Method 

Log Bi/Sn 

Lengtli 

Bi 

2989.04 

Length 

Sn 

3009.14 

Bi-Sfi 

Bi 

2989.04 

Sn 

.3009-14 

Bi/Sn 

1 

0.000 

— 












2 

0.000 

— 

1.0 

— 

11.5 





10.05 



3 

0.031 

-1.502 

1.0 

3.6 

11.5 

-7.9 

7.5 

10.18 

0.736 

-0.1331 

4 

0.063 

-1.204 

1.0 

4.0 

11.0 

-7.5 

7.85 

10.03 

0,783 

-0.1062 

5 

0.125 

-0.903 

1.0 

5.0 

11,4 

-6.4 

8.40 

10.10 

0.832 

-0.0797 

6 

0.250 

-0.602 

1.0 

5.8 

10.7 

-4.9 

8.88 

10.0 

0.888 

-0.0516 

7 

0.500 

-0.301 

1.0 

7.3 

11.3 

-4,0 

9.3 

10.0 

0.930 

-0.0315 

8 

1.000 

0.000 

1.0 

8.5 

11.3 

-2.8 

9.65 

10.0 

0.965 

, 

-0.0155 


The choice of line pairs for comparison will of course determine the concentra- 
tion range over which the data will best apply. Over the major portion of the 
working curve an accuracy to within about 5% of the amount of unknown 
element can be determined. For high concentration the method may be used, 
although this same percentage error will still hold and is usually much greater 
than that obtained by other analytical methods. For extremely small amounts, 
however, an error of 5 or even 10% of the amount present may be quite per- 
missible. 

Measurement of Intensities of Lines.— The determination of the blackening 
or line densities on the photographic plate may be photometrically measured 
by visual or electrical means. A number of recording and semi-automatic 
densitometers for the measurement of plate and line density are available for 
this purpose. These instruments may have certain constant errors such as the 
failure to obtain a linear response from the photo cell over a range of varied 
hght intensities. A combination of densitometer and spectrograph can be 
<^ffected by placing directly in front of the spectrograph slit a rotating sector, 
cut either smoothly or in steps and usually cut in a logarithm spiral or in 
logarithmic steps, or by the use of a step slit such as the Hansen or Duffendack 
^ype. This procedure produces a spectrogram in which the line tapers in its 
degree of blackening until it fades completely out, or is reduced by steps to 
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complete extinction. In the step system a photometer may be applied to the 
lines at different densities. The continuous line (Fig. 512) produced by the 
logarithmic spiral sector may be measured as to length with a micrometer 
eyepiece. The difficulty of deciding on the point of absolute extinction or 



Fig. 512. Typical Spectra by log Sector and Ordinary Spectrum Photographs 
Used in the Preparation of Working Curves. 

termination of the line may be eliminated in part by the use of a reversed line 
in the eyepiece and matching the two lines to a uniform density. 

In methods where comparison is to be made between spectrograins, especi- 
ally where the spectrograms are on different plates, it is somewhat importan 
to determine the plate characteristics and many workers feel that this procedure 
should be carried out when the data are all on the same plate. The variation 




SPECTROGRAPHIC ANALYSIS 


2613 


of the plate characteristics (i.e. the c?/log I curve) with different spectral regions, 
nature of exposure, development time and temperature, etc,, may require that 
for accurate work the plate characteristics should be determined through the 
use of a standard lamp for illumination of the spectrograph and that correction 
be made so as to indicate the absolute intensities of the lines. In routine 
analysis where the same plate treatment is used, the same type of plates and 
photometric methods, it is possible to prepare working curves which will give 
accurate quantitative results. 

Control of Conditions. An important working condition in quantitative 
spectrt^raphic analysis which must be carefully controlled involves the light 
source. From a study of the cause and nature of spectrum lines it will be 
noted that there are successive stages of ionization of the element, which are 
dependent on the applied voltage and temperature. The spectrum produced 
under low ionization conditions may be quite different in the lines present and 
their intensities as compared with the spectrum from the highly ionized 
element. This change in relative intensities of the emission lines with a change 
in exciting conditions requires a careful duplication of conditions when making 
a series of observations, and requires a rather exact definition of the exciting 
conditions if one is to apply the working curve or analytical data prepared and 
published by others. Gerlach has attempted to define the working conditions 
by which repeated observations could be made, through the selection of lines 
of the known element from different states of ionization, which at the given 
conditions of observation are equal in intensity. W^ien they are equal the 
excitation can be said to be at the standard or specified condition, Gerlach 
has then varied the amount of unknown” element with respect to the internal 
standard (the internal standard may be the element present in largest amount 
or an added standard of known amount) and selected for each concentration 
pairs of lines of the standard known and unknown which are of equal intensity. 
These pairs are known as homologous pairs. In view of their equal intensity 
it can be seen that these results will not be appreciably influenced by plate 
characteristics and other errors which have been mentioned. If the internal 
standard is to be some element other than the substance present in largest 
amount (the pure substance containing the impurity for which the analysis 
is being made) it will be necessary to control the amount of internal standard 
which is added. This is accomplished by choosing a pair of lines, one from the 
pure or base substance and the other from the internal standard, which arc 
equal in intensity under the excitation and concentration conditions which are 
Used for the observation. This method may be better understood from Table 
IV which is a portion of an analyses table published by Scheibe. 


TABLE IV 

Quantitative analysis for Titanium in an Aluminum sample. Control of excitation 
conditions A1 II 2616.18 = AI I 2575.11 A. Internal standard control or coupling, 
pair A1 1 2652.48 -Cu 2618.38 A. 


Wavelenffth 

Titanium 


Wavelength Percent ot Ti in Sample when 

Coijper Lines Are of Equal Density 


Ti II 3361.22 
Ti II 3361.22 
Ti II 3335.19 
Ti II 3361.22 
Ti II 3361.22 


.3307.95 

,3337.a') 

3349.26 

4022.70 

3365.36 


0.26 

0.204 

0.188 

0.166 

0.109 
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It would seem that while this method may have eliminated a number of the 
possible errors of other methods it involves the setting up of definite conditions 
of excitation, internal standard concentration and line intensity measurement, 
which in the end are required of nearly all methods which give reproducible 
results. In the method described by Gerlach the spectrum of the so-called 
internal standard may be taken separately, either on top of or adjacent to 
the sample to be analysed and need not be that of a mixture of the sample and 
internal standard, just so long as the homologous and coupling or control pairs 
are equivalent in density. 

In order to control more carefully and standardize the spectrograph ic data 
in an analysis, Duffendack and his coworkers have developed the use of plate 
calibration through the use of a step slit so as to remove possible errors which 
might result in the failure of the negative to yield a linear d-log I curve and 
of the same slope for all wavelength values. 

It would seem that while the method of quantitative spectrographic analysis 
has been rather carefully studied and applied to a large number of problems 
with considerable success, it is not possible to give such specific data as is avail- 
able for qualitative spectrographic analysis in the wavelength tables. Because 
of the nature of the method it is necessary in nearly all cases to prepare standard 
negatives, mixtures or working curves which apply to the particular spectro- 
graph, photographic plate, photometer or other influencing factors. The value 
of published work in the field of quantitative spectrographic methods lies 
largely in the development of technique and the experimental determination of 
satisfactory groups or pairs of lines for specific analytical purposes. 

Plates. — For the usual type of qualitative or quantitative spectrographic 
analysis a medium speed photographic plate such as the Eastman 33 or 40 is 
quite satisfactory. Development can be by elon-hydroquinone (metol-hydro- 
quinone) or other standardized developer. For spectral regions beyond 5000 A 
panchromatic or special red sensitive negatives are available to about 14,000 A. 


ABSORPTION SPECTRA 

When an object or solution absorbs a portion of the homogenous spectral 
radiation which passes through it we describe the material as being colored. 
The absorption of homogenous spectral radiation by molecules is usually quite 
selective and limited to definite spectral regions, or bands. These absorption 
bands are usually diffuse, with partial absorption over a considerable region 
and a gradual increase in absorption to a maximum of absorption near the 
center of the absorption band. The intensity and position of the absorption 
maximum, as well as the rate of increase in absorption on each side of the 
maximum are definite properties of the compound being examined and may 
serve to identify or characterize the substance. Within the visible spectral 
region one might indicate the production of color by absorption bands as follows. 
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TABLE V 

ReiiAtion between Absorption Band Position and Observed Color 


Position of Absorption Band Color Absorbed 

450 HIM Blue 

500 Blue-Green 

550 , Blue-Green-YeUow 

600 Green-Yellow 

650 Y ellow-Orange 

700 Red 

400 and 750 Blue and Red 


Color Transmitted 

Yellow 

Orange 

Red 

Red and Blue 
Blue 

Blue-Green 

Green 


Since absorption bands are usually not well defined like emission lines it is 
the practice to record wave length values in millimicrons (mju = meters X 10“*). 
For work in the ultraviolet region the data is often recorded in frequency or 
wavenumber, since absorption bands represent in many cases harmonic 
vibrations which give regularly spaced bands on a frequency scale. 

The intensity of absorption is an important value for the quantitative 
estimation of the absorbing material. Where one is interested in a description 
of the transmitted color one usually records the per cent of light transmitted 
at various wavelength values. If one is interested in the amount or character 
of the absorbing substance one usually records the extinction coefficient. The 
extinction coefficient may be defined as the Log of the incident intensity divided 
by the transmitted intensity ( — log hll). By recording in extinction coefficient 
values, the height of the absorption band is directly proportional to the- con- 
centration or cell thickness (assuming that Beer^s law holds for the material). 
From the extinction coefficient of the maximum of the absorption band of a 
substance one may obtain a much more accurate value for the concentration 
than through a colorimetric measure of the transmitted light. In addition, the 
.position and shape of the curve may enable one to identify the molecule pro- 
ducing the absorption. The production of absorption is dependent on the 
presence in the molecule of an absorbing or chromophoric group. Not all 
substances absorb radiation within the visible or photographic ultraviolet 
region, and hence it is possible to detect and identify traces of absorbing 
materials in otherwise transparent materials. For example, it is possible to 
detect and quantitatively estimate the amount of benzene present in ethyl 
alcohol, with an accuracy of aboul 10% of the amount present, when the 
concentration may be as low as 0.001%. The spectrophotometer has been 
used in the quantitative estimation of such colored inorganic substances as 
cobalt, iodine, copper, and the rare earths (Fig. 513). For the purpose of 
estimation of impurities and tlieir detection one may use the method of sub- 
tractive absorption in which one subtracts the absorption band of the known 
pure substance from the observed band, the difference representing the impurity 
absorption (Fig. 514). Commercial dyestuffs are standardized and their 
concentration determined by absorption spectra methods which give rapid and 
accurate quantitative results. . Much of the synthetical work in the fields of 
vitamins, hormones and natural pigments is based on the absorption spectra 
data obtained by the study of these and related compounds. 

The data in the field of absorption spectra measurements is so varied that 
it is not possible to give methods of procedure and interpretation of data. For 
a more detailed discussion of these fields one should consult the references in the 
bibliography which follows. 
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Fig. 514. Identification of Impurities in Commercial Dyestuffs^ *(1)^ 
liguor absorption from a J6% dyeing of 

shade was rated as RRR by dj^ing test^ (2) Data arc 

dye. (3) Difference curve or absorption spectrum * hyV plotted 

;^rd^ in -log Transmittancy which is the ^ 

as a negative value.) (Brode, Ind. Fng. Chem., 18, 708 (1926).) 
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Special Note — Patent Situation. — Users of s pec tro graphic methods of 
analysis, including both for non-profit research as well as commercial applica- 
tions, should be cognizant of the existence of U. S. Patent No. 1,979,964 
(application made March 14, 1932 and granted Nov. 6, 1934) by Duffendack 
and Wolfe. The claims include the following: 

^‘1. The method of quantitative spectroscopic analysis which comprises the fol- 
lowing steps: establishing an arc current between electrodes comprising the unknown 
material of value such that the intensity of spectral lines does not vary materially \vith 
unavoidable fluctuations in arc current, recording the spectrum of the arc, measuring the 
ratio of intensities of a pair of lines in the spectrum by comparison of the strengths of the 
corresponding recorded lines, repeating the process vith a series of electrodes containing 
the same kind of material but of known analysis, making use of the same spectral lines, 
evaluating the ratio of intensities obtained from the unknown material in terms of 
percentage of an element producing one of the lines by comparing the ratio of intensity of 
the unknown with the ratio of intensity of said known specimens.” 

In following claims the use of a spark and luminous discharge are covered 
as well as the recording of the spectrum on a photographic plate. In view of the 
large amount of previously published work in the field of spectrographic quanti- 
tative analysis, much of which is referred to in the patent, it seems unfortunate 
that a patent claim should be granted which rather effectively covers the 
fundamental principles involved in this analytical field. It seems unfortunate 
that basic claims in patents should be granted for analytical methods, especially 
if the methods have been widely used and published in the literature. 


3. 


4. 
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Si, Cu, Cd, Pe, Ni, Sn, Ca, 
Pb, Mg, pp. 539-553 
manganese bronze, 1352-1362 
monel metal, 1378 
nichrome, 1405 
silver alloys, 1402 
solder, 1390 
silver, 3402 
stellite, 325 
white metals, 

antimony in, 84, 85, 114 
arsenic in, 112, 114 
tin in, 973 
Woods metal, 1399 
Zinc base alloys, 1394 
classification of, 1348 
examinatioii of, 1348 
general procedure, 1349 
chart of, 1349 
sampling, 1350 
pyrophoric, 246 
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Alpha benzyl dioxim© method, 

for determining nickel, 617 
separation of nickel from cobalt, 
310 

test for nickel, 615 
Alpha cellulose. See Cellulose. 

Alpha ray, method for radium, 759 
instrument (T’ig. 88), 759 
Altitude, effect on solubility of oxygen, 
677 

Alumina, calcined, analysis of, 26 
Alumii^, 

in bauxite, 25 
in cement, 1602, 1614 
in chrome green, 1876 
in glass, 2166 
in nitrate of soda, 644 
in its ores, 19, 20 
in Prussian blue, 1873 
in ultramarine blue, 1872 
ill sand, 806 
in silicate of soda, 805 
in silicon carbide, 815 
in slag, 2022 
in titaniferous ores, 986 
in "water, 2059 

combined in aluminum sulfate and 
aluminum salts, 14 

Alumina and iron oxide. See also Iron 
oxide and Alumina 
in blanc fixe, 136 
in composite white paint, 1868 
in glass, 2166 
in ores, 20 

in Portland cement, 1614 
Alumina ores, 

arsenic determination in, 106 
commercial valuation, 17, 19 
determination of 
alumina, 20 
calcium oxide, 21 
iron, ferrous, 20 
total, 20 

loss in ignition, 19, 23, 26, 28 
magnesium oxide, 22 
manganous oxide, 22 
moisture, 19 

phosphorus pentoxide, 22 
silica, 19 
sodium oxide, 21 
titanium oxide, 21 
vanadium, 23 
zirconium oxide, 23 
Aluminon, 

colorimetric method for Al, 55 
reagent, 1213 
test for Al, 2 
Aluminum 
detection of, 1 
alizarin S teat, 2 
aluminon teat, 2 


Aluminum 

cobalt nitrate test, 2 
1-, 2-, 5', 8-, hydroxyanthraquinone 
test, 2 

estimation, 3 

general procedures, 
colorimetric, 
aluminon method, 55 
in animal tissues and foods, 56 
lake development, 58 
reagents, 56 

separation from other consti- 
tuents, 57 
gravimetric, 
by hydrolysis, 

with ammonium hydroxide, 
- 8 

with sodium thiosulfate, 10 
with urea, 11 
by precipitation, 

as aluminum chloride, 12 
as oxinate, 12 
as phosphate, 13 
volumetric, 

determination of combined 
alumina, 14 

free alumina or free neid, 16 
of aluminum, oxine method, 12 
. estimation, special procedures of alumi- 
num metallic, 50 
hydrogen evolution method, 51 
in alloys, 1359, 1389, 1394 
in bauxite, calcined alumina, alumi- 
num hydrate, 19-29 
reagents and standard solution, 
29-32 

in bismuth bronze, 1378 
in bronze, 55, 59, 1359 
in ferrovanadium, 1498. 
in iron and steel, 52, 53, 1482 
in magnesium alloys, 539 
gravimetric, 540 
potentiometric, 540 
in manganese bronze, A. S, T. M., 
1359, 1360 

in metallic aluminum dust, 50, 51. 
in nickel, 627 

in presence of iron, phenylhydrazine 
method, 60 

in tin-base metal, 1389 
in zinc-base alloy, 1394 
impurities in metallic aluminum, 38 
industrial application, 1 
occurrence, mineral and ores, 1 
preparation and solution of the sample, 
4 

general procedure for ores, 4 

fusion method (sodium carbonate), 
4 

metallic aluminum and its alloys, 5 
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AlumlDum 

properties, 5 
aluminum phosphate, 14 
sampling aluminum, and its alloys, 37, 
38 

separation 
from beryllium, 7 

hydrochloric acid method, 139 
oxinc method, 139, 141 
from chromium, 7 
from iron, 6 

from iron, manganese, nickel, phos- 
phoric acid, silica, titanium, ura- 
nium, zinc, copper, mercury, bis- 
muth, rare earths, beryllium, 6 
from manganese, basic acetate, o58 
from manganese, cobalt, nickel, zinc, 
alkaline earths and alkalies, 7 
from nickel, 8 

from phosphates, arsenates, fluorides, 
borates, Mo, Cb, Ta, Ti, V, Be, 
U, oxine method, 8, 12 
from phosphoric acid, 7 
from silica, 6 
from titanium, 7 
from uranium, 7 
from zinc, 7 

from zirconium, rare earths, man- 
ganese iron, titanium, 8 
solubilities, metal and its alloys, 5 
oxide, 4 

special procedures: for small quanti- 
ties, 59 

traces, detection and estimation of, 
with alizarine, 2 
Aluminum Company of America 
methods for alloys, 37-52 
methods for aluminum, 37-52 
methods for bauxite, calcined 
alumina, aluminum hydrate, 19- 
29 

methods for beryllium, 141 
Aluminum hydrate, analysis of, 28-29 
Aluminum precipitation, of Cu, 355, 358 
Aluminum reduction method for nitrates, 
640, 641 

Aluminum sulfate, analysis of, 14-16 
Alundum, analysis of, 32-37 
separations in, 33 

Amalgamated zinc, determination of 
mercury in, 582 
Amalgams, 575 
American Brass Ck). 

analysis of beryllium-copper al- 
loys, 146-148 

American Cyanamid Co. methods 

for converter eflSciency, 659 
for simple and complex cyanides, 
663-668 

for trisodium phosphate, 703- 
705 


American Society for Testing Materials 
(A. S. T. M.) 
methods for testing of 

alloys (non-ferrous), 1348 ff. 
cement, 1597 fE. 
coal and coke, 1620 ff. 
ferro-alloys, 1011, 1485 ff. 
oils, 1705, 1713, 1719, 1727, 1732, 
1737, 1743, 1744, 1750, 1752, 
1758, 1761 

petroleum, 1807, 1814, 1818, 1823, 
1830, 1839 , 

steel, 1421 ff. 
turpentine, 1850 
zinc, 1071 

Amino-nitrosophenyl-hydroxylaminc 
metliod for iron, 468 
Ammonia 
albuminoid, 

in water, estimation of, 2050 
aqua, volumetric method for, 2270 
conversion to HNO,, 
apparatus (Fig. 75), 659 
efficiency of, 659 
fixed, in ammoniacal liquor, 638 
free in water, estimation of, 2049, 2077 
gaseous, 

absorption of, 2346 
determination of, 2360 
in illuminating gas, 2396 
properties of, 2360 
gravimetric method for, 

determining as platino-chloridc, 
638 

in fused zinc chloride, dot^n. of, 1083 
in latex, 1968 
Nessler's test for, 630 
specific gravity table, 1157, 2269 
test for palladium, 721 
total, in ammoniacal liquor, 637 
traces, determination of, in gas, 2396 
yolatile, in ammoniacal liquor, 637 
volumetric method, 636, 637 
Ammonia-dynamite, analysis of, 1667 ff. 
Ammonia method for copper, 378 
Ammonia precipitate, total, in silicon 
carbide, 814 
Ammonium chloride, 

standard solution, 1199 
test for iridium, 730 
test for palladium, 722 
test for platinum, 712 
hydroxide method, 

for determining traces of copper, 378 
test for iron, 463 
test fur osmium, 748 
teat for palladium, 721 
teat for rhodium, 742 
iodide method for tin oxide, 960 
iridium chloride, determination or 
iridium as, 732 
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Ammonium chloride, magnesium phos- 
phate, 

acid titration of, 534 
direct precipitation of, 696 
properties of, 534 
manganese phosphate, 566 
molybdate, standard solution for lead, 
1201 

nitrate washing solution, for aluminum 
hydroxide, 32 
nitrate, pyridine in, 655 

apparatus for (Fig. 74), 655 
persulfate method for manganese, 572 
phosphate method, 

for separating magnesium from 
alkalies, 531, 867 
for manganese, 566 
for zinc, 1058 
for zirconium, 1102 
phosphoraolybdate 

method for phosphorus, 694 
precipitation of, 694 
weighing of, 695 
picrate, analysis of, 1683 
platinochloride method for determining 
ammonia, 636 
platinum, 719 

salts, 

effect on magnesium precipitation, 
533 

effect on sulfur determination, 908 
detection of ammonia in, 630 
determination of ammonia in, 637 
mixtures, ammonia in, 634 
salicylate, test for silver, 819 
sul6de group, separation of, see Separa- 
tions under Element in question 
sulfide method for mercury, 577 
test for ruthenium, 737 
test for vanadium, 1031 
table, sp. gr., 1157, 2269 
thiocyanate test for cobalt, 306 , 

test for iron, 462 
Ammonium zinc phosphate, 1058 
Amorphous sulfur, determination of, 934 
Ampere, definition of, 1174 
Amyl alcohol. See Fusel Oil. 
Anemometer, 2342 

Aniline method, for determining acetic 
anhydride, 2248 

Animal and vegetable oils, 1764. See 
Oils. 

analysis of, 1701 ff, 
test for, 1775 

Animal tisshes, aluminum in, 56 
Anthraquinone, 

1, 2, dihydroxy — see alizarin 
1, 2, 4 trihydroxy — see purpurin 
test of bituminous substances, 1562 
Antifluorescents, tests for, 1776 
Antilogarithma, 1181-1182 


Antimonous and autimonic salts, distinc- 
tion between, 64 
Antimony 
detection of, 

by hydrogen sulfide test, 63 
by hydrolysis, 64 
in minerals, 64 
traces, 64 

estimation, general procedure, 64 
gravimetric, 

as metallic antimony, electrolytic, 
73 

as oxide, 72 
as trisulfide, 72 
volumetric, 

bromate method, 74 
eerie sulfate, 78 
indirect evolution method, 77 
oxidation with iodine, 76 
permanganate method, 76 
potassium iodate, 78 
potassium iodide method, 75 
estimation, special procedures: 
determination, 

in alloys with Sn and Pb, 83 
in ash of rubber, 2006 
in battery plate, 1393 
in brass and bronze, 76 
in bronze, A. S. T. M., 1369 
in commercial * ^arsenic,* ^ 111 
in copper, 387 

in ferrotungsten and tungsten 
metal, 1015, 1500 
in metallic lead (pig lead), 1416 
in rubber goods, 2006 
in soft solder, 83, 1390 
in stibnite, 77 
in sulfuric acid, 83, 2231 
in tartar emetic, 82 
in tin and lead alloys, 83, 1382, 
1385 

in white metal, 84 
rapid method, 85 
in Wood's metal, 1401 
occurrence, minerals, ores and alloys, 
63 

preparation and solution of the sam- 
ple: 64 
alloys 

of antimony, tin and lead, 66 
of hard lead, 67 
of low-grade oxides, 65 
of mattes, slags and speisses, 66 
of ores, fusion, 66 
of sulfides, 65 
of organic compounds, 67 
properties, antimony trisulfide, 72 
reduction to trivalent state, 74, 78 
separation 

from arsenic and tin, 68 

distillation procedure, 69, 1385 
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Antimony 

from bismuth, cadmium, copper, lead 
and mercury 67 

from members of the subsequent 
groups, aluminum, chromium, co- 
balt, iron, manganese, nickel, zinc, 
alkaline earths and alkalies, 67 
from molybdenum, 71 
from silicon, 71 
from tin in alloys, 68, 71 
solubility of the element and its ox- 
ides, 63, 64 

solution, for standard strains, 80, 1199 
traces of, in refined copper, 387 
traces, detcrminatioa of, 78 
distillation, 81 
generator, 79 
method, 80 
reagents, 79 
test paper, 79 

Antimony chloride-ferric chloride, method 
for Cs, 897 

Antimony electrode, 2302 
Antioxidants, for rubber, 2016 
Apothecaries^ weight table, 1170 
Apparatus. See method or process in 
question, e.g. distillation, rcductors, 
etc. 

volumetric, calibration of, 1219—1227 
Aqua ammonia, 2269 
Arc, spectra, 2598 

Tables of lines, 2602-2603; 2604-2607 
Areas, 

analysis, by measuring, 2452 
formulae for determining, 1170 
triangle, rectangle, parallelogram, tra- 
pezoid, circle, 1170 
Argon in the atmosphere, 2348 
properties of, 2380 
**Armco’* iron, 808 
Arsenates, alkali, 91 

Arsenates, distinction from arsenites, 87 
Arsenic, 

detection of, 

by Gutzeit test, 87 
by hydrogen sulfide, 87 
volatility test, 87 
estimation, general procedures; 
gravimetric, 

determination as arsenic trisul- 
fide, 96 

determination as magnesium pyro- 
arsenate, 96 
volumetric, 

bromate method, 100 
ceric sulfate method^ 100 
iodate method, 99 
iodine method, 99 

in presence of mercuric salts, 
99 

Mohr’s method, 99 


Arsenic, 

permanganate method, 1210 
silver method, 100 
estimation, special procedures : 
determination 

in alloys, brass and bronze, 1371, 
1384, 1385, 1402 
in brimstone, 933 
in bronze, A. S. T, M., 1371 
in commercial ‘^arsenic,” 109 
in copper, 112, 387 
in gases, 2417 . 

in hydrochloric acid, 89, 2204 
in iron, 112 

in lead-base alloys, 1384, 1385 
in metallic lead, 1414 
in molybdenite and wulfenite, 509 
in nickel, 625 
in organic substances, 115 
in pig lead, 1414 
in presence of vanadium, 1034 
in steel, 112 
in sulfur, 933 
in sulfuric acid, 89, 2230 
in tin-base alloys, 1384, 1385 
in tungsten ores, 1003 
in white metal, 112 
in Wood’s metal, 1402 
impurities in ** arsenic” (arsenous ox- 
ide), det’n of moisture, antimony, 
arsenic, calcium, cobalt, copper, iron, 
lead, nickel and zinc oxides, silica, 
sulfuric acid, 109-111 
industrial application of methods, 88 
occurence, minerals, ores, 87 
preparation and solution of the sample, 
88 

alkali arsenates, 91 
arsenic acid, 91 
arsenious oxide, 89 
copper, 91 

hydrochloric and sulfuric acids, 
89 

iron, 91 

lead arsenate, 90 
organic matter, 89, 91 
pyrites ore, 88 
zinc arsenite insecticides, 90 
properties, 87 
separation, 

from antimony and tin, 68, 95 
from other elements, 91 ff. 
by distillation, 69, 91 
apparatus for, 92, £13 
hydrazine method, 94 
solubility of oxides, sulfides, salts, 88 
solution, standard, 1199 
Arsenic traces, 

colorimetric determination (arseno- 
molybdate) 116, 2503 
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Arsenic traces, 

determination of, by modified Gutzeit 
method, 101-108 
apparatus, 105 
micro method, 2504 
procedure, 107 
reagents, 103-104 
stains, 103 

in acids, hydrochloric, nitric, Bulfurie, 
105, 106 

in baking powders, canned goods, meat, 
organic matter, etc., 107 
in ores, alumina-bearing, bauxite, cin- 
ders, pyrites, 106 
in organic matter, 107 
in paper, 1919 
in refined copper, 387 
in salts, sodium chloride, magnesium. 

sulfate, etc., 106 
in tartaric acid, 2255 
Marsh test for, 87, 109 
Arsenic acid, nitric acid in, 2218 
Arsenious, 

acid, determination of, with iodine, 99 
chloride, volatility, 88 
oxide, commercial, determination of 
moisture, SOg, As.,03, non-volatile, 
SiO, Pb, Cu, Fe, "Ni, Co, Zn, Sb, 
CaO, 109-111 

for determining bromates, 193 
primary standard, 1203 
Arsenious method for determining per- 
oxides, 2180 

Arsenitc reagent 0.1 N, 453, 1203 
Arsine, 2347 
properties of, 2367 
Asbestine, paint pigment, 1866 
Asbestos, composition of, 2417 
Assay, fire. See Fire Assay. 

Ash, 

in black paint pigments, 1877 • 

in coal and coke, determination of, 
1637 

fusibility of, 1645 fif, 
in explosives, 1661, 1667, 1678 
in grease, 1824 
in linseed oil, 1845 
in paper, 1905 
in paper pulp, 1896 
in starch, 2157 
in sulfur, 941 
in varnish, 1852 
of rubbw, 1971, 2014 
sulfur in, 2006 

analysis of, 2015 
phosphorus in, 1644 
solution of, 864 

Asphalt, 1853. See Bituminous sub- 
stances 


Assaying of gold and silver. See Fire 
Assay of Gold and Silver, 835 ff, 
wet assay for gold, 435 
Astringcncy, of tannic acid, 2159 
A. S. T. M. See American Society for 
Testing Materials 
Atmosphere, composition of, 629 
Atomic weights, international table of. 
See front cover 
of rare earths, average, 259 
Atropine, 1958 

Aurin tricarboxylic acid. See Aluminon. 
Available chlorine, in bleaching powder, 
278 

Available lime, 212 
Available oxygen, 675 

apparatus (Fig. 77), 675 
Available sulfur, in brimstone, 934 
Avoirdupois weight, table of, 1169 

B 

Babbitt metal, 
analysis of, 138 
copper in, 398 
Bacteria, 
coli, 2125 

subclassifieation of, 2125 
confirmed test, 2127 
presumptive test, 2126 
reaction classification, aerogenes 
group, 2126 
total in water, 2123 
typhi, 2131 

subclasses, 2132 
Widal test, 2132 
test 2132 

Bacteriological exam, of water, 2166 
Baking powder, 

arsenic determination in, 107 
carbon dioxide iu, available, 237 
residue, 237 
Balances, 

Ainsworth (Fig. 132), 1227 
for fire assay, 841, 844 
micro, 2461 

Westphal (Fig. 239), 1704 
Balata, 1966, 1992 
Ball mill, 1630 
Barite, 

analysis of, 129 
determination of, 

barium sulfa te, barite, free from 
strontium, 130 
strontium present, 131 
carbon dioxide, 135 
fluorine, 135 
iron, 134 

iron and alumina, 134 
lime, 134 

loss on ignition, 136 
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Barite, 

magnesia, 134 
strontium sulfate, 131 
sulfur, as SO,, 133 
solutions for, 130 
Barium, 

detection of, 

by flame test, 117 

spectrum, 117, 120 (see plate fac- 
ing p. 119) 

with saturated solution of calcium 
or strontium sulfates, 117 
with soluble chromate or fluosilicate, 
117 

estimation, general procedures, 124 
gravimetric, determination as car- 
bonate, 126 
as chromate, 125 
as sulfate, 127 

volumetric, acid titration of car- 
bonate, 129 

diehromate method, 128 
permanganate method, 128 
potassium iodide method, 128 
potassium sulfate method, 129 
indicators for, 129 
estimation, special procedures: 

determination in insoluble residue, 
125 

in glass, 2168 

in ores, 125 

in silicates, 125 

ore, valuation of. See Barite. 

rubber, 1989 

industrial application, 118 
occurrence, ores, commercial products, 

117, 118 

preliminary tests, 120 
preparation and solution of the 
sample, 

carbonates, insoluble residue, 
sulfates, 118 

sulfides, soluble salts, organic 
matter, 118-119 
properties, barium sulfate, 127 
barium chromate, 126 
separations, general considerations, 
119 

from allialies and magnesium by the 
oxalate and sulfate methods, 121 
from calcium, 2168 
from calcium and strontium, 122, 
123, 2172 
from lead, 124 

from molybdenum and from PiOa, 
124 

from strontium, 124, 126 
of the alkaline earths, 119 
solubilities, barium compounds, 117, 

118, 121 

traces, detection of, 


Barium, 

by fiame and spectrum, 117 
by microscope, 118 
Barium acetate, 2335 
carbonate, 

analysis of, 2172 
iu rubber, 2010 

method, removal of Fe, Al, etc., 174 
precipitation of uranium, 1018 
chloride in hydrochloric acid, 2264 
method for sulfate (volumetric), 
919 • 

-potassium chromate method for sul- 
fur determination, 918 
test for chromate, 282 
for Se and Te, 776 

chromate, determination of chromium 
as, 125, 287 
properties of, 126, 287 
solubility of, 126 

-thiosulfate method for sulfur, 919 
hydroxide method for separating mag- 
uesium from alkalies, 867 
ores, analysis of, 129 
sulfate, apparatus for filtering of, 
(Fig. 110), 911 

decomposition for sulfur det 'n., 907 
in barite, 130, 131 
in blanc fixe, 136, 1867 
in lithopone, 186.3 
precipitation of (Fig. 109a), 910 
properties and solubility of, 127 
iu rubber, 2006 
in titanium pigments, 186.3 
Barker ^3 hydrometer, for CO^ determina- 
tion in carbonates, 242 
B. coli, examination of, 212.5 
B, typhi, examination of, 2131 
Barometric pressure and distillation 
tests, 1711 

Barytes. See Barite. 

Bases, in bleaching powder, 2160 
Basic acetate method, for precipitating 
aluminum and iron (separation from 
manganese etc.), 558 
Basie alumina in aluminum salts, deter- 
mination of, 16 

Basie carbonate of bismuth, determina- 
tion, 1.54 

Basic carbonate of lead, determination, 
524 

Basic nitrate, precipitation, of bisniutii 
as, 1.54 

Basicity, of aluminum sulfate, 16 
Battery plate, 1393 

Baum6, conversion degrees to speciiit 
gravity, 1168 
Bauxite, 
analysis of, 
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Bauxite, 

moisture, loss on ignition, silica, 
iron oxides, alumina, titanic 
oxide, calcium and magnesium 
oxides, MnO, P^Oj, 23-26 
arsenic determination in, 106 
Bead test, borax, 
fur cobalt, 306 
for manganese, 555 
for titanium, 976 
table, 1109 

Bead microcosmic salt, 
for silica, 795 
table of, 1109 

Beam test, for matter suspended in gas, 
2414 

Bearing metal, 

Bronze, A. S. T. M., 1362 
Bechi^s tost for cottonseed oil, 1777 
Bell-Jar filter (Fig. 60), 563 
Benzene, 

micro determination, 2547 
Benzidine acetate, test for gold, 432 

hydrochloride method, for deter- 
mining sulfates, 920 
reagent, 1213 
a-Benzil dioxime, 

method for nickel, 017 
test for nickel, 615 

Benzoic acid standard for acidimetry, 
2197 

a-Benzoin oxime, 

determination of molybdenum, 
591 

separations witli, 587 
reagent, 1213 
Beryl, 137 
Beryllium, 
detection of, 137 
determination, general, 138 
colorimetric, 
ciircumin, 144 

1,2,5,8,-oxyanthraquitione method, 
143 

gravimetric, 

hydroxide method, 139 
oxiiie method, 141 
phosphate method, 141 
tannic acid method, 143 
volumetric, 
quinalizarin, 145 
determination, special methods, 
beryllium-copper alloys, 146-148 
determination of 
aluminum, 147 
beryllium, 146, 147 
copper, 146 
iron, 146 
nickel, 147 
silicon, 147 


Beryllium, 
separations from, 

aluminum, 139, 140, 141 
HCl method, 139 
oxine method, 139 
chromium, 143 
hydrogen sulfide group, 139 
iron, 139, 140, 141, 142 
rare earths and chromium, 139, 
143 

silica, 139 
thorium, 143 
titanium, 139, 143 
tungsten, 143 
zirconium, 139, 143 

Bicarbonate, determination of, 2252 
ill water, 2095 

Bichloride of tin, hot water precipitation 
of tin in, 962 

Bichromate method for detenninlnar gly- 
cerol, 2153 

Bimetallic electrode pairs, 2320 

Bismuth, 

detection of, general procedure, 149 
blowpipe test, 150 
reducing agents, 149 
estimation, general procedures: 
colorimetric, 

bismuth iodide method, 159 
cinchonine-potassium iodide 
method, 158 
gravimetric, 

determination as basic chloride, 
153 

as chromic thiocyanate, 156 
as complex salts, 157 
as metal, by cyanide reduction, 
156 

as metal, by electrolysis, 156 
micro, 2547 
as oxide, BhO.^, 154 
as sulfide, Bi„S,„ 155 
volumetric, 

permanganate titration of oxalate, 
157 

estimation, special procedures; 
in alloys and metals, 160 
in bismuth bronze, 1375 
in lead bullion, 159 
in metallic copper, 382, 384 
in metallic lend, 159 
in ores, mattes, 161 
in pig lead, 1413 
in tin-base metal, 1388 
in Wood’s metal, 1399 
industrial application of methods, 150 
occurrence, 149 
organic precipitants for, 157 
preparation and solution of the sample, 
alloys, lead bullion, refined lead, ores, 
150-151 
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Bismuth, 

properties, 133 ff. 
basic carbonate, 155 
basic nitrate, 154 
hydroxide, 155 
oxide, 154 
oxy-chloride, 153 
sulfide, 156 

separations, aluminum, chromium, iron, 
cobalt, manganese, magnesium, 
nickel, zinc, alkaline earths, alka- 
lies, 152 

from arsenic, antimony, tin, molyb- 
denum, selenium, tellurium, 152 
from cadmium and copper, 152 
from lead, copper and cadmium, 154 
from lead and mercury, 152 
oxybromide method, 152 
solubility, metal and salts, 150 
traces, determination of, 158, 159 
standard solution for, 158, 1199 
Bismuth bronze, 1375 
Bismuthate method, 

for determining cerium, 254 
for determining manganese, 562 

application to large amounts 
of manganese, 563 
reagents for, 567 
in bronze, 1358 

in ferromanganese and man- 
ganese metal, 565 
in manganese ores, 563 
electrometric, 577 
in nickel, 627 
in silico manganese, 568 
in steel, 491 
in water, 2063 

Bismuthyl perchlorate, precipitant, 2335 
Biaulfate fusion. See chapter Decom- 
position of Sample,’’ Vol. 2 
See under individual substances, e.g, 
columbium and tantalum, etc. 
Bisulfite. See Metabisulfite. 

Bisulfite liquor, paper industry, 1929 
Bituminous substances, asphalts, tars, 
pitches, 1510 fF. 
bituminous solvents, 
examination of, 

physical tests, 1586 
separation into component 
parts, 1586 
base, 1589 

chart for analysis of, 1590 
pigment and filler, 1589 
steam distillation, 1586 
app. for, J587 (Fig. 221) 
carbenes, 1546 

carbon bisulfide extract, 1542 
evaporation of, 1543 . 
apparatus (Fig. 204), 1544 


Bituminous substances, evaporation in 
CO, atmosphere (Fig, 205), 
1545 

characteristics of table, 1510, 1511, 
1512 

chemical tests, 

anthraquinone reaction, 1562 
diazo reaction, 1560 
oxygen iu non-mineral matter, 
1554 

saponifiable and unsaponifiablc 
matter, 1559 
solid parafiins, 1555 
sulfonation residue, 1557 
water, high and low distillation, 
1551 

apparatus (Figs. 208, 209), 
1551, (Fig. 210), 1553 
distillation test, flask and retort 
method, 1533 

apparatus (Fig. 200), 1534, 

(Figs. 201, 202), 1535, (Fig. 
203), 1537 

ductility test of, 1521 

apparatus (Fig. 192), 1522 
evaporation test, 1530 

air bath for (Fig. 198), 1531 
apparatus for (Fig. 199), 1532 
fabrics, examination of, 
physical tests of, 1574 
resistance to heat, 1577 
sampling, 1575 (Fig. 219) 
thickness, 1577 
weight, 1574 
fabrics, separation, 1578 
flash-point, 1533 
filler and pigment in, 1589 
finished product, tests of, 1591 
settlement test, 1591 
demulsibility test, 1591 
freezing, effects of, 1592 
separation into component parts, 
1592 

distillation residue, 1593 
apparatus for (Figs. 222, 
223), 1593 

water and volatile oils, 1594 
fixed carbon, 1533 
fracture of, 1513 
‘^free carbon,” 1548 

extraction apparatus (Figs. 206, 
207), 1549 

hardness or consistency test, 1520 

by needle penetrometer (Fig. 
195), 1520 

heat tests, softening or fusion, 
cube method, 

in air (Fig. 195), 1527 
in water, 1525 

apparatus for (Fig. 194)> 
1524 
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Bituminous substances, ball and rin^ 
method, 1523 

apparatus (Fig. 193), 
1524 

insoluble residue, examination, 1541 
physical characteristics, 1513 
physical tests 

compression strength, 

1565 

apparatus ( Fig. 213), 

1566 

displacement 
apparatus (Fig. 211 ) , 
1563 

tensile strength, 1564 
apparatus (Fig. 212), 
1565 

separation bituminous from discrete 
aggregate, 

centrifugal method, 1570 

apparatus (Figs. 217, 218), 
1571 

cold extraction, 1569 

apparatus (Figs. 215, 216), 
1570 

hot extraction method, 1567 

extraction apparatus 
(Fig. 214), 1568 

separation, bituminous mineral and 
fibrous matter, 1578 
analysis of saturated fabrics, 1578 
ash, 1579 
moisture, 1578 

analysis of saturated and coated 
fabrics, 1580 
ash, 1582 

bituminous saturation, 1582 
felt, 1581 

mineral matter, 1581, 1584 
results, 1585 

top and bottom coatings, 
1583 


solubility tests 

by carbon bisulfide, 1539 
examination of residue, 1541 
by carbon tetrachloride, 1546 
by petroleum naphtha, 1547 
solvent. See bituminous solvents, 
specific gravity by hydrometer, 1513 
by pycnometer, 1515 
by Wostphal balance, 1517 
streak on porcelain, 1513 
table of, 1510-1512 
thermal tests, 1523. See heat tests, 
viscosity, 

Engler, 1518 

float tests, 1518 (Fig. 190) 
volatile matter, 1527 

oven for (Fig. 196), 1528 

shelf for (Fig. 197), 1529 
Black filter paper test, for fluorine, 401 


Black pigments. See Pigments. 

Black powder, analysis of, 1660 
Blanc fixe, analysis of, 136 
Blank determinations, 
alundum analysis, 36 
boron determination, 182 
Blast-furnace gas, analysis of, 2388 
slag analysis of, 2021 
Blasting caps, analysis of, 1686 
Bleach liquid, 

determination of available chlorine, 
Na^O, NaOH, Na^CO^, 279, 280 
Bleaching powder, evaluation of, 278 

sampling, available chlorine, chlo- 
rates, bases and silica, free lime, 
coarse impurities, 2159-2161 
Blister copper, see Copper. 

Blood, carbon monoxide determination, 
by means of 219, 1964 
* 'Bloom" in oils, 1776 
Blowpipe test for bismuth, 150 
test for cadmium, 197 
test for zinc, 1055 

Blo■^^ 4 )ipe and flame tests, table of, 1107- 
1108 

Blue lead, sublimed, analysis of, 1874 
Blue pigments, analysis of, 1872 
Boat and holder, carbon determination, 
232 

Boiler-room control, 2088 
Bomb calorimctfer 

sulfur in washings, 1642 
Borates, boric acid in, 2245 
Borax, 

bead, boron test, 162. See also Bead 
test. 

estimation in soap, 2035 
Boric acid, titration of, 170, 173, 178 
Boron, 

Chapin’s method, 176 

distillation apparatus for, 167 
'^election of, 

borax bead test, flame test, tumeric 
test, 162—163 

estimation, general procedures: 
colorimetric (turmeric), 185 
reagents for, 185 

gravimetric, lime fixation method, 
of Gooch and Jones, 166 
volumetric determination, 168 
estimation, special procedure: 

determination in boron carbide, 181 
in butter, 165 
in canned goods, 166 
in crude borates, 

w'ater insoluble, 170 
water soluble, 169 
Pacific Coast Borax Co. 
method, 174-175 
in glass, 2167 
in milk, 165 
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Boron, 

in mineral water, 164 
irrigation water, 186 
natural water, 187 
in ores, 171-173 

acid extraction method, 171 
in plants, 180 

in silicates, enamels, etc., 164 
industrial application of methods, 163 
occurrence, ores, alloys, sundry prod- 
ucts, 162 

preparation and solution of the sample, 
boric acid, boric oxide, boracite, boro- 
calcite, boronatrocaleite, calcium bo- 
rate, enamels, silicates, etc,, 163—165 
separations, distillation method, 165 
solubility of boron, boric acid, borax, 
163, 164 

traces, determination of, 185, 186, 187 
detection of, 162, 163 
Boron carbide, 
analysis of, 

methods of the Norton company, 
181 

boron, 181 

other constituents, 184 
silicon, 183 

Brass and bronze, analysis of, A. S. T. 
M., 1351-1372 

determination of antimony in, 1369 
determination of cadmium in, 1371 
determination of copper in, 392 
determination of lead in, 392 
determination of vanadium in, 1051 
determination of zinc in, 1084 
Brimstone, analysis of, determining mois- 
ture, ash, arsenic, chlorine and avail- 
able sulfur in, 933 

Brines, determination of bromine in, 195 
determination of iodine in, 459 
British thermal unit (B.t.u,), calculation 
of, 1657, 1658 

determination of heat value of coal, 
1654 

Brom-thymol blue, titrations with, 2191 
Bromatc method, 

for determining antimony, 74 
for oxidizing manganese to the di- 
oxide, 554 
Bromates, 

detection of, 188 

determination of, by arsenions acid re- 
duction, 193 

Bromide paper for arsenic determination, 
1197 

Bromine, detection of, tests with carbon 
disulfide, carbon tetrachloride, barium 
chloride, macenta test, silver nitrate, 
188 

estimation, general procedures: 


Bromine, gravimetric, determination as 
silver bromide, 191 
volumetric, free bromine by potas- 
sium iodide method, 191 
chlorine method for soluble bro- 
mides, 192 

silver nitrate method, 192 
Eosin indicator 

silver thiocyanate method of Vol- 
hard, 192 
micro, 2498 

estimation, special procedures:., 
crude potassium bromide, analysis of, 
194 

mixtures of halogens, 276 
impurities in commercial bromine, 
chlorine in, 194 
in brines, 195 
apparatus for, 196 
in mineral waters, 195 
occurrence, 188 

preparation and solution of the sample, 
organic matter, salts, etc., 189, 190 
properties, 189 

separations from, chlorine and iodine, 
190 

from heavy metals, cyanides, ami 
silver, 190 
from iodine, 195 
traces, determination of, 
magenta method, 192 
phenol red method, 193 
Bromine-ammonia method for separating 
manganese from zinc, 558 
Bromine method for HCN, 662 
Bromine number in oil analysis, 1770 
Bromphenol blue, absorption indic.ator, 
582 

Bronze, analysis of, ISM, 1362. See also 
Alloys; Brass, 
bismuth, 1375 
^manganese, 1352 
Btouti pigments. See pigments. 

Broths for bacteriological examination, 
nutrient, 2120 
sugar, 2120 
Brucine, 1957 
Buffer action, 2278 
materials, pH of, 2284 
mixtures, 2281 
Bulb, w^eighing acids, 2203 
Bullion, assay of. See Fire Assay. 
Buoyancy constants, of water, 1226 
correction, in weighing, 1233 
Burettes, 

calibration of, 1224 
apparatus for (Fig. 131), 1225 
chamber, iron determination, 473 
micro, 2472 

standard for acidimetry and alkalim- 
etry (Fig. 300), 2199 
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Burettes, 

weighing typo (Pig. 304), 2202 

Burning oils. See Oils. 

B. typhi, examination of, 2131 

Butter, boric acid determination in, 165 
method of analysis. See Oils, Fats, 
Waxes 

n-Butyl alcohol method, for separation 
and determination of alkalies, 884 

C 

Cadmi>im, 
detection of, 

blowpipe test, 197 
general procedure, 197 
spectrum, 198 
tube test, apparatus, 198 
estimation, general procedure: 

gravimetric, determination as cad- 
mium sulfate, 201 
as cadmium sulfide, 200 
as metallic cadmium, by electrolysis, 
202 

micro, 2516 

volumetric, iodine titration of cad- 
mium sulfide, 203 
other methods, 203 
estimation, special procedures: 

determination in alloys and metals: 
in brass, A. S. T. M., 1371 
in magnesium alloys, 546, 547 
in metallic cadmium, 203 
in metallic lead, pig, 1417 
in ores, 200 
in silver solder, 1403 
in slab-zinc, 1074 
in Wood ^6 metal, 1400 
in zinc (spcctrochemical), 1089 
in zinc-base alloy, 1396 
industrial application, 197, 199 
occurrence, 197 

preparation and solution of the sample, 
alloys, carbonates, in presence of 
lead, metal, ores, sulfides, 199 
separation, 

from arsenic, antimony, and tin in 
presence and in absence of copper, 
200 

from bismuth and load, 199, 200 
from copper in alloys, 200 
from members of the ammonium 
sulfide group, alkaline earth and 
the alkalies, 190 
from mercury, 200 
from silica, 199 
from zinc, 200 

Cadmium metal, zinc in, 1078 
pyridine thiocyanate, 203 
sulfate, determination of, 201 ^ 
sulfide, granmctric determination of 
cadmium as, 200 


Cadmium metal, volumetric determina- 
tiou of cadmium as, 203 
Caesium, detection of, 893 
estimation of, 898 
separation, 

from lithium and sodium, 894 
from potassium, 894, 896 
from rubidium, 897 
Caesium bismuth nitrate, 

method for sodium, 882 
test for sodium, 876 

Caesium perchlorate, test for rhenium, 
769 

Caffeine, 1959 

Calcined alumina, analysis of, 26 
Calcium, 
detection of, 
flame teat, 205 
general procedure, 205 
spectrum, 205 

estimation, general procedures: 
gravimetric, 

other methods, 216 
oxalate method, 

ignition to the carbonate, 211 
ignition to the oxide, 210 
Tolumetric, 

iodine method for, 213 
permanganate titration of the oxa- 
late, 211 

estimation special procedures (see also 
Lime) 

in barium carbonate, 2172 
in glass, 2166 

in green paint pigments, 1876 
in gypsum, 214 
in magnesite, 536, 538 
in magnesium alloys, 549 

potentiometric method, .549 
volumetric, 550, 551 
in orange and yellow paint pigments, 
1875 

in Portland cements as CaO (lime), 
1603 

in sand, 806 

in sea-water, micro, 2547 
in water, 217, 2061, 2097 
in water as calcium sulfate, 2084 
in white paints, 1868 
in whiting, etc., 1866 
industrial application of methods, 206 
oeurrence, ores, minerals, etc., 205 
preparation and solution of the sample, 
cements, dolomites, limestone, 
magnesite, gypsum, plaster of 
Paris, silicates, sulfate, sul- 
fides, pyrites, salts, decompo- 
sition of refractory ores, 206, 
207 

rapid iodide method, 213 
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Calcium, 

separation, 

from alkalies, barium, strontium, 
magnesium, 121, 122, 123, 209 
from aluminum, iron, copper, cobalt, 
nickel, manganese, zinc and mem- 
bers of the hydrogen sulfide group, 
208 

from fluoride, 208 
from iron and aluminum, 209 
from magnesium and the alkalies, 
209 

from phosphate, 208 
from silica, 208 
solubilities, 206 
traces, detectiou of, 205 

small amounts in magnesium alloys, 
551 

Calcium acetate method for fluorine, 413 
calcium and equivalent fluorine, 
415 

fluorine, 416 

Calcium carbide, determination in cya* 
namid, 663 

Calcium carbonate, in fluorspar, 419 
fluoride decomposition of, 402 
in fluorspar, 420 
method for fluorine, 404 
Calcium hypochlorite, see Bleaching 
Powder ; see Chloride of lame j see 
H.T.H. 

Calcium oxalate, 

determination of calcium as, 219 
precipitation in presence of iron, 
aluminum, etc., 209 
Calcium oxide, ^ 

determination in, 
aluminum ores, 21 
bauxite, 2.5 
cement, 1604, 1614 
commercial arsenic,” 111 
presence of CaCO,, 213 
titanox pigment, 1000 
Calcium sulfate, 

determination in, 

titanic pigment, 1863 
water, 2084 

precipitation from methanol solu- 
tion, 538 
solubility, 121 
Calculations, 
gas analysis, 2357, 2358 

from combustion data, 2411 
moist to dry basis, 1345 
coal, 1634 

rubber analysis, 2011, 2015 
Calibration of volumetric apparatus, 
1219-1227 
flasks, 1223 

Calomel electrode, 2299 
Calorie, definition of, 1174 


Calorifih power of illuminating gas, 2391 
of fuel, 1764 

value of industrial gases, 2426 
of coal and coke, 1654 ff. 
Calorimeter, 

Junkers* for gas, Sargent (Fig. 371), 
2390; (Fig. 372), 2391; (Fig. 
373), 2392 

for liquid fuels, 1802 
Calorimetry, micro, 2546 
semi micro, 2547 

C. and A. Copper Co. methods, 3'K 
Candle-power, definition and method of 
determination, 1174 
of illuminating gas, 2391 
Canned goods, arsenic determination in, 
107 

tin determination in, 971 
Caoutchouc, 1966 

in lubricating oil, 1736 
Capacity, unit table of, 1169 
Capsule, moisture determination (Fig. 

231), 1636 
Carbones, 1546 

Carbohydrates, micro determination, 
2547 

Carbolic acid (phenol), 
detection of, 1949 
determination of, 2253 
Carbon, 

activated, 2154 
detection of, 218 

carbon dioxide in gas, 218 
carbonates, 218 
carbonic acid in water, 218 
carbon monoxide in blood, 219 
estimation, general procedures: 

gravimetric, dry combustion method, 
weighing CO., 
macro method, 220 
micro method, 2475 
seniimicro, 225 

wet oxidation process, weighing 
COj, 226 
volumetric, 

barium hydroxide method, 243 
measurement of volume of CO^, 
formed, 244 

titration of carbonate formed, 243 
estimation, special procedures: 
in bitumens **free,** 1548 
in coal, 1649 ff. 

in coal as ** fixed carbon,^' 1640 
in ferrochromium, 1493 ♦ 
in ferromanganese, 1488 
in ferromolybdenum, 1506 
in ferro tungsten, 1500 
in ferrovanadlum, 1050, 1495 
in graphitic carbon, 232 
boat for, 232 495 
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Carbon, 

iu iron and steel, 229, 48^ 495, 
1426, 1428 

colorimetric method, 232 
combined, 231 
in minerals, 224 
in monel metal, 1380 
in nichrome, 1408 
in organic substances, 222 
nitrogenous, 224 
tube for, 223 
ii^ pigments, 1874, 1877 
in rubber goods, 2007 
in silicon carbide, 815 
free and total, 815 
in soils, 224 
in stellite, 329 
occurrence, 218 

preparation of the sample, alloys, iron 
and steel, 219 
general, 219 

organic matter, carbonates, etc 
219 

residue test of lubricating oils, Con- 
radson method, 1737 
separation from iron and steel, cupric 
potassium chloride method, 220 
Carbonate method, 
for barium, 126 
for calcium, 216 
for strontium, 902 

Carbonate, removal from alkali, 2197, 
2198 

Carbonate, 
titration of, 2253 
in mi^urc with hydroxides, 2266 
Carbonates, 
determination of, 
in cement materials, 1616 
in presence of other combined acids, 
929 

in soap, 2033 , 

in sodium sulfate, 645 
in ores. See Prep, of Samples under 
various elements. 

precipitation of palladium by, 722 
Carbon black, in rubber, 2018 
Carbon dioxide combined as carbonate: 
estimation, general procedure for 
determination, 235 
apparatus for, 236 
micro, 2482 

gravimetric determination in car- 
bonates, 

hydromctric method, 242 
loss of weight method, 237, 239 
apparatus for, 238, 239 
volumetric, measuring gas evolved, 
240 

apparatus for, 240 
estimation, special procedures: 


Campon dioxide combined as carbonate: 
in alloys. See Iron and Steel; see 
ferroalloys. 

in ammoniacal gas liquors, 638 
in baking powder, 
available COj, 237 
residual CO., 237 
in barium ores, 135 
m blanc fixe, 136, 1867 
in composite white paint, 1867 
in gypsum, 214, 1866 
in pigments, 1866 
in soap, 2034 
in water, 2070 
in white lead, 1860 
free in gaseous mixtures, 
absorption of, 2347 
determination of, 2350, 2352, 
in air, 2403 

in illuminating gas, 2355, 2397 
indicators for, 2381 
properties of, 2365 

generator for (microana lysis) (Fig. 
424), 2489 
Carbon disulfide, 

detection of bromine with, 188 
determination of iodine with, 448 
extract of bituminous substances, 
1539 

purification of (Fig. 16), 155 
monoxide, 

absorption of, 2348 
and heat loss, 2387 
in air, 1963, 2405 
in blood, detection of, 1964 
iu gaseous mixtures, determination 
of, 2350, 2352 

in illuminating gas, determination 
of, 2356 

in mine gages, 2402 
properties of, 2348 
oxysulfide, 2348, 2379 
tetrachloride, bromine test with, 188 
extract of earbenes, 1547 
tubes, for colorimetric determination 
of carbon in steel, 232 
Carbonic add, 

in w'ater, 2075 
free, 2252 

as bicarbonate, 2252 
Carbon steel, metallography of, 2558 ff. 
Carbonyl, 

group, micro determination, 2546 
method, separation of cobalt and 
nickel, 311 

Carborundum. See Silicon Carbide. 
Carboxyl group, micro determination of, 
2547 

Carius method for halogens in organic 
matter, 265 
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Caniotite, 

uranium in, 1024, 1026 
vanadium in, 1042 
Case hardening, 2567 
Casein, analysis of, 1931 
Caustic, 

liquors, hydrometer tests, 2257 
standard solution, 2197 
Caustic soda, 

impurities in, 2259 
'Sodium tartrate method for dis- 
tinguishing copper compounds, 395 
Causticized ash, analysis of, 2263 
Cellulose, 
alpha, 

in paper, 1911 
in pulp, 1881 

isolation, chlorination method, 1878 
in rubber, 1987, 2009 
Cement, specifications and chemical an- 
alysis, A. S. T. M., 1597 
composition of, table, 1619 
lime, free in, 1618 
Portland cement, 

analysis, A. S. T. M., 1599 
calcium oxide, 1603 
ferric oxide, 1602 

and alumina, 1602 
insoluble residue, 1601 
loss on ignition, 1600 
magnesia, 1604 
silica, 1601 

sulfuric anhydride, 1601 
rapid methods, 

calcium oxide, 1614 
ferric oxide and alumina, 
1614 

magnesia, 1615 
silica, 1614 
Portland cement 

tentative methods 
alkalies, 1612 
magnesia 

acid-alkali method, 1605 
oxyquinolato method, 1607 
manganese, 1611 
phosphorus, 1609 
raw materials 

carbonates in, 1616 
composition of, table, 1619 
limestone, lime rock, raw mix, 
1617 

sampling, standard methods, 1599 
silica in, 816 
specifications, 1597 
Centipoises (viscosity), 1725 
Centrifuge, for extractions (Figs. 217, 
218), 1571 
Ceric sulfate, 246 

applications in volumetric analysis, 
1205 


Ceric sulfate, method for determining: 

antimony, in presence of As, 78 
arsenic, 100 
iodide, 454 
iron, 474 

mercurous ion, 582 
molybdenum, 596 
nitrite, 655 
uranium, 1027 

preparation of standard solution of, 
1204 

standardization, 1204 
Cerium. 

detection, spectroscopic, 252 
estimation, general methods 
gravimetric methods, 252 
volumetric methods 

persulfate method, 253 
sodium hismuthate method, 254 
special cases 

in presence of rare earths, 253 
industrial application of methods, 240 
preparation of the sample, 247 
fusion method, 247 
separations 

from rare earth metals, 252 
from scandium, 249 
from thorium, 249 
rare earths from other elements, 
247-250 

Cerium group, approximate estimation, 
250 

Chancel degree, for specific volume of 
sulfur, 934 

sulfurimeter for (Fig. 116), 935 
Cliapiii’s boric acid method, 176 
Characteristics of oils, fata, waxes. Sec 
Oils, Fats and Waxes, 1701 ff. 
Charcoal, in 'explosives, 1661 
Chemical laws, 1191-1193 
Chemical microscopy. Sec Microscopy 
Chimney flue gases, see Gases 
China clay 

as glass raw material, 2170 
as paint pigment, 1866 
Chinese blue. See Pigments 
Chinese wood oil. See Tung oil umier 
Paint Vehicles, 1847 
Chloral hydrate, detection of, 1951 
Chlorate 

determination of, 274 

in bleaching powder, 2160 
in explosives, 1677 
in presence of perchlorates, 275 
and HCl, 276 

reduction to chloride ion, 274 
removal of, in sulfur estimations, 96^ 
test for, 262 
Chloric acid, 274 
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Clilorido 

and cyanide, determination of, 277 
chlorate, perchlorate, examination of. 

276 ' 

cyanide and tliiocyanide, determina- 
tion of, 277 
detection of, 261 

in bleaching powder, determination of 
2160 

in gases, 2417 
in potash, 2169 
in sv)ap, 2030 
in water, 2075 
method, for silver, 821 
test for silver, 818 

Cliloride of lime, 278 (see also bleaching 
powder; bleach liquor) 

Chlorine 

detection 

combined 

as chlorate, chlorite, hypochlorite, 
perchlorate 262 
as chloride, 261 
as hydrochloric acid, 261 
free, 261 

in presence of bromide and iodide, 
262 

cvanate, cyanide, thiocyanate, 
261 

estimation 

chlorine, combined as chloride 

gravimetric, as silver chloride, 269 
volumetric 

adsorption indicator method, 
273 

silver eliminate method (Mohr), 
272 

silver thiocyanate method (Vol- 
hard), 271 

micro technique, 2498 
estimation special cases 

in bleaching powder, 278, 
2160 

in bromine, 194 
in chlorine water, 273 
in cement-copper ami cop- 
per ores, 391 

in chlorosulfonie acid, 
2244 

in gases, 268 
in liquid bleach, 279 
in organic compounds 
Carins method, 263 
lime method, 266 
sodium-alcohol method, 
266 

sodium-liquid ammonia 
method, 266 
sodium peroxide 
method, 267 


Chlorine, estimation 

in presence of free bro- 
mine and iodine, 276 
in presence of other acids, 
276 

in rubber, 1986 
in soap, 2030 
in sulfur, 933 
in water, 280, 2054 
in zinc chloride, 1080 
chlorine, free, 264 (see also hypo- 
chlorites, chlorates, etc.) 
in gases, 268, 2347 
electrolytic, 2402 
in hydrochloric acid, 2204 
in nitric acid, 2214 
properties of, 2362 

industrial application of methods, 263 
occurrence, 261 

preparation and solution of the sample 
ores, cinders, rocks, water solu- 
ble and insoluble chlorides, 
silver chloride, 263, 264 
organic substances, 265, 266 
separation 

from bromine, 268 
cyanides, thiocyanates, bromides 
and iodides, 268 
iodine, 268 
of halides from 
heavy metals, 268 
one another, 268 
silver and silver cyanide, 268 
Chlorine consumption, by pulp, 1880 
Chloroform, determination of, 1948 
extraction of rubber, 1982, 2002 
Chloronitrotoluene sulfonate, test for po- 
tassium, 862 
Chloroplatinate method, 
for ammonium, 636 
for potassium, detection, 862 
determination, 869 
Chlorosulfonic acid, analysis of, 2244 
Cholesterol, 1775 
Chromate 

method for barium, 125 
volumetric, 128 
for chlorine, 272 
for lead, 507 
reduction of, 286 
test for barium, 117 

Chromate-ferrous sulfate method, for 
lead, 513 

iodide method, for lead, 512 
Chrome alum, light filter, 862 
Chrome green, see Pigments 
Chrome-iron ores, fusion, 284 
Chrome ores, analysis of, 296 
Chromic acid 

determination in presence of vanadie, 
293 
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Chromic acid 

removal of, from nitric acid, 635 
Chromic hydroxide, precipitation of, 286 
oxide, properties, 286 
Chromite, chromium in, 295 
CTiromium 
detection 

tests with barium acetate, ether, lead 
acetate, mercurous nitrate, hydro- 
gen peroxide, reducing agents, 
diphenyl earbazide, 282, 283 
distinction, chromic and chromous salts, 
283 

chromium and vanadium salts, 1031 
estimation, general procedures, 
colorimetric 

as the chromate, 289 
with diphenyl earbazide, 290 
gravimetric 

as barium chromate, 2S7 
as mercurous chromate, 287 
as oxide, CrPa, 286 
volumetric 

ferrous sulfate method, di- 
phenylamine indicator, 291 
ferrous sulfate — permangan- 
ate method, 288 
potentiomotrie, 2315 
iodide method, 288 
persulfate method, 301 
estimation, special procedures 
in aluminum alloys, 48 
in alundum, 35 
in chrome -iron alloys, 301 
in chrome-nickel alloys, 301 
in chromite, 295 
in ferrochromium, 1490 
in iron ores and alloys, 291 
in nichrome, 1406 
in ores, 296, 329 
in presence of vanadium, 293 
in steel and iron, 293, 495, 1454, 
1473, 1477, 1479 
in stellite, 328, 1411 
traces, 290 

industrial application of methods, 283 
metal, 302 
occurrence, 282 
oxidation of, 296 

preparation and solntion of the sample, 
283 

refractory materials, materials 
high in silica, ores, 283, 284 
separations, 285 
Bolnbility of the metal, 283 
traces, detection, 282, 283. See colori- 
metric estimation. 

Chromium plating baths, sulfate in, 917 
Cinchonine method, for tungsten, 1011 
Cinchonine— potassium iodide method, for 
bismuth, 158 


Cinchonine reagent, for tungsten, 1011, 
1095 
Cinders 

arsenic in, 106 
chlorine in, 264 

Citrates, test for palladium, 722 
Citric acid, analysis of, 2253 
reagent for calcium,' 1195 
day, alkalies in, 2163 
analysis of, 6, 2162 ff. 
silica, state of, 2164 
titanium, 2163 

develand open, cup (Fig- 247), 1733 
(Fig. 248), 1734 
Clinker, silica in, 816 
Cloud and pour points, of oils, 1727 
Coal and coke, A. S, T. M. methods, 
1620 ff. 

ash, determination of, 1637 
fusibility of, 1645 
apparatus (Fig. 233) 1645 

(Fig. 234), 1646 ■ 

fused cones (Fig. 236), 1649 
mold (Fig. 235), 1647 
phosphorus in, 1644 
calculation, air dried to “as re- 
ceived,'^ 1634 

calorific value, determination, 1654 
results, 1657 
fixed carbon, 1640 
fusibility, 1637 
hydrogen in, 1649 
moisture 

in coal, 1636 (Figs. 230, 231) 
in coke, 1628, 1635, 1636 
nitrogen in, 1652 
oxygen in, 1653 

preparation of the laboratory sample, 
1629 

ball-mill method, 1633 
drier for, 1629 (Fig, 227) 
riffle sampler, 1631 (Figs. 228, 
229) 

sampling 

coal, standard methods, 1620, 1622 
(Fig. 225) 
coke, 1624 

sampling points, 1626 (Fig. 
226) 

sulfur, bomb washing method, 164.3 
Esehka's method, 906, 1640 
sodium peroxide method, 1643 
volatile combustible matter, 1638 
apparatus, 1639 (Fig. 232) 

Cobalt 

detection, bead test, 306 
general procedure, 305, 306 
thiocyanate test, 306 
estimation, general procedures 
gravimetric 

as metal, by electrolysis, 315 
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Cobalt 

nitroso-betanaphthol method, 314 
potassium nitrite method, 312 
pyrophosphate method, 330 
other methods, 320 
volumetric methods 

perborate method, 318 
potassium cyanide method, 319 
potassium ferricyanide method, 
628 

estimation, special procedures 
in “arsenic,^* 110 
in’ cobalt oxide, 320, 330 
in copper, 385 
in ferro-cobalt, 322 
in lead (pig), 1419 
in metallic cobalt, 321 
nickel, 322, 628 
in ores, 315 

separation from iron, 317 
in steel, 323, 325, 1466 
in stellite, 325, 327, 1409 
industrial importance of methods, 307 
, minerals of, 305 
occurrence, 305 

preparation and solution of the sample 
general procedure, 307 
metallic cobalt, nickel, cobalt 
alloys, cobalt oxides, ores, 308 
separations 

ammonium sulfide g^oup from alka* 
line earths, 309 
hydrogen sulfide group, 309 
cobalt and nickel from chromium, 
311 

iron, 312 

manganese, 309, 310 
zinc, 311 

cobalt from nickel 

alkali xanthate method, 310 
alpha benzildioxime method, 311 
carbonyl method, 311 
dimethyl glyoxime method, 3l0 
nitroso betanaphthol method, 
310 

phenylthiohydantoic acid method, 
310 

potassium nitrite method, 310 
Cobalt nitrate, test for aluminum, 2 
for zinc, 1055 

Cobalti nitrite test, for potassium, 862 
Cobalt uranyl acetate test, for sodium, 
875 

Cocaine, 1958 
Codeine, 1968 
Coin ingots, 829 
Coke. See Coal. 

Cold test. See Oils. 

Colemanite, 164 
Colophony, in rubber, 1981 
Color comparator, 234 (Fig. 33) 


Color standards, for copper, 380 
Color test, in turpentine, 1850 
of water, 2048 

Colorimeter, 292 (Fig. 38), 989 (Fig. 
124). See also Colorimetry, Hydro- 
gen-ion Concentration, pH. 
CampbeU-Hurley, 519 (Fig. 59) 
Duboscq, 988 (Fig. 123) 
photoelectric, 2472 

Colorimeter block, 992 (Fig. 992). See 
also pH Measurement. 

Colorimetric Determinations, See also 
Microanalysis, 
aluminum, 55 

in animal tissues and foods, 5, 56- 
58 

ammonia, 630 
in water, 2077 
bismuth, 158, 159 
carbon, in steel, 232, 234 
comparator for, 233 
racks, 233 
tubes, 234 
chlorine, 280 

chromium, as chromate, 289 

diphenylcarbazide method, 290, 
292 

copper, 376, 381, 2519, 2520 
fluorine, Steiger-Merwin method, 410 
gold, 438, 439 

hydrogen-ion concentration, 2281 
iron, 486, 487 
lead, as sulfide, 517 
dithizone method, 521 
magnesium, 529 
manganese, 572, 573 
molybdenum, 606, 609, 610 
nitrate, 640 
pH, 2281 
rhenium, 772 
silicon, 803 
sulfur, 936 
titanium, 987 

thymol method, 994 
Columbates, 246 
Columbite, 331 
Columbium and Tantalum 
analytical technique 

destruction of organic matter, 
335 

filtering and washing, 335 
fusion, 334 
ignition, 336 
leaching, 335 

**quarter gram” analysis, 336 
detection, 332, 333 
Giles' test, 333 
in mixed oxides, 334 
Marignac's teat, 332 
Powell and Schoeller's test, 333 
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Columbium and Tantalum 
Sclioeller’s test, 332 
small amounts, 333 
estimation, 347 
isolation of earth acids 

alkali fusion method, 345 
hydrofluoric acid method, 344 
tartaric acid method, 344 
occurrence, 331 

preparation of the solution, 337 
minerals, 338 
separations 

columbium and tantalum, 346 
columbium, tantalum, titanium and 
zirconium from tungsten, 339 
earth acids from iron, 340 
silica, 338 

thoria and rare earths, 343 
tin, 338 
titanium, 340 
tungsten, 338 

small amounts, 339 
zirconium and hafnium, 342 
solubilities, 337 
tannin, as reagent, 336 
volumetric methods, 347 
Combinations, hypothetical in water 
analysis, 2087 

Combined carbon, in steel, 231 

colorimetric determination, 232 
Combined sulfuric acid, in aluminum 
salts, 15 
Combustion, 

air requirement, 2384, 2386 
furnaces. See Carbon; Fire Assay; 
Steel etc 

heat of, Table, 1185, 1186 
method, for carbon, 221 
train, 222, 229, 489, 1428 
Comparators, for pH measurement, 2290, 
2291, 2292, 2293, 2294, 2295 
Compressive strength, of bitumens, 1565 
Conductance, 
equivalent, 2323 
specific, 2323 
Conductivity method, 
silicon in steel, 811 

apparatus for, 811, 812 (Figs. 
97, 98) 

chart, resist, vs. % Si, 812 
(Fig. 99) 

Conductometric methods, 2323 

apparatus, 2326 (Fig. 339) ; 2327 
(Figs. 340, 341) 
mobilities of ions, tabic, 2324 
principles of, 2323 
titrations, 2328 
neutralizations, 

intermediate acids and bases, 
2329 

mixtures of acids or bases, 2332 


Conductometric methods, strong acids and 
bases, 2328 

replacement methods, 2332 
weak acids and bases, 2330, 2331 
precipitations and complex-forma- 
tions, 2333 

summary of practical cases, 
2335 

Constant-boiling acids. See Hydrochlo- 
ric acid, etc. 

Constant temperature bath, 365 
Constants. See Tables; see Gases^, Oils; 

Acids, etc., etc. 

Conversion factors, 

Baume to specific gravity, 1168 
temperatures, Centigrade to Fallen- 
heit, 1165 

volume, weight and energy, 1176- 
1178 

w’cights and measures, metric and 
other systems, 1169-1170 
Converter efficiency, ammonia to oxides 
of nitrogen, 659 
apparatus, 659 (Fig. 75) 

Copper, 

detection, 

general procedure, hydrogen sulfide 
test, flame test, reduction test, 
ferocyanide test, rhodanine test, 
dimethyl glyoxime test, 349, 350 
estimation, general procedures, 
colorimetric, 

ammonia method, 378 
color standards, 380 
Biazzo method, 2519 
die thy 1 d i t hi oc a r ba m a to method, 
376, 2520 

ferrocyanide method, 377 
hydrogen sulfide method, 380 
potassium ethyl xanthate method, 
376 

, standard solution for, 1199 
gravimetric, 

alphabenzoinoxime method, 2521 
cuprous thiocyanate method, 357 
electrolytic methods, 359 ff. 
electrolysis, 

apparatus, 359, 361, 362, 
366 

effect of impurities, 367 
precautions, 366 
removal of deposit, 368 
introduction, 359-361 
rapid methods, 362, 363 
slow methods, 364 * 

large portion method, 36o 
small portion method, 364 
hydrogen reduction method, 390 
furnace for, 391 (Fig. 46) 
volumetric, 

Demorest^s method, 375 



SUBJECT INDEX 


43 


Copper, 

Garrigue/a method, 376 
permanganate method, 375 
potassium cyanide method, 373 
potassium iodate method, 372, 374 
potassium iodide method, 368 
short modification, 371 

Park’s procedure, 372 
Volhard’s method, 376 
estimation, special procedures, 
in aluminum and its alloys, 

^ electrolytic method, 41 
iodide method, 40 
in arsenic,” 110 
in Babbitt metal, 398, 1382 
in beryllium -copper alloys, 146 
in bismuth bronze, 1376 
in blister copper, 364, 390 
in blue vitriol, 392 
in brass, 392, 398 

in bronze beating metals, A. S. T. M., 
1362 

in ferromolybdenum, A. S. T, M., 
K09 

in ferrotungsten, A. S. T. M., 1015, 
1504 

in lead (pig), 1417 
in lead-base alloys, 1382, 1384, 1385 
in magnesium alloys, 544, 545 
in manganese bronze, A. S. T. M,, 
1352 

in mill tailings, 379 
in molybdenite, 601 
in monel metal, 1378 
in ores, 369 
in refined copper, 390 
in reverberatory slag, 379 
in rubber, 1971 
in selenium, commercial, 788 
in silver stolder, 2402 
in slag, 2024, blast furnace, 379 
in slime tailings, 379 
in solder, 1393 
in steel, 1446, 1448 
in sulfuric acid, 2231 
in tin-base alloys, 1382, 1384, 1385 
in tungsten, metallic, 1015 
in water, 2080 
in Wood’s metal, 1400 
in zinc (slab), 1077 
in zinc -base alloy, 1394 
in zinc chloride, 1082 
impurities in blister and refined copper, 
determination of: 

• antimony, 387 
arsenic, 91, 112, 387 
bismuth, 382, 384 
cobalt, 385 
iron, H83 
load, 386 
nickel, 385 


Copper, impurities in blister and refined 
copper, 

oxygen, 389 
phosphorus, 390 
selenium, 388, 789, 791 
sulfur, 389 

tellurium, 388, 789, 791 
zinc, 385 
separations, 

copper, 382, 384, 386 
hydrogen sulfide group, 385 
iron, 385 

iron and bismuth, 382 
lead, 385 

zinc, nickel and cobalt, 384 
industrial application of methods, 351 
occurrence, 349 

preparation and solution of the sample, 
353 

alloys, cast iron, steel, matte 
slag, iron ores, briquettes, etc*, 
352-354 
separations, 
as metal, 355, 358 
as thiocyanate, 355, 357 
from bismuth, 358 
from cadmium, 356 
from hydrogen sulfide group metals, 
356 

from members of subsequent groups, 
355 

from selenium and tellurium, 356 
state of combination in ores, 393, 395, 
396 

solubility, 352 

Copper bullion, assay of, 853 
Copper-copper oxide mixtures, 394, 395 
Copper method, oxygen in gas, 670 
Copper number, of paper, 1913 
Copper slimes, platinum and palladium 
in, 726 

selenium and tellurium in, 789 
Copper sulfate, method for cyanide, 660 
treatment of water with, 2111, 2112 
Copper-zine alloys, metallography of, 
2556, 2557 

Corn oil constants. See Oils. 

Corning glass works, method for Sele- 
nium, 791 

Corrosion, by acid waters, calculation of, 
2087 

by gasoline, 1742 
Cottonseed oil, 1777, 1778 
Coulomb, definition of, 1174 
Counting methods, microscopical, 2449 
Crank case dilution, 1820 
Crushers and grinders, 1309, 1313 
Cystalline state, 2435 

optical properties of, 2436 
refractive index, 2436 
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Culture media. See Water, Bacteriologi- 
cal examination. 

Cupel, in fire assay, 837 
Cupfcrron ( betanitro so phenylhydroxy la- 
mine) 

elements precipitated by, 468 
method for iron, 6 
for tin, 961 
reagent, 46Q 

and its applications, 1223 
separation of Fe, Ti, V, Zr from Al, 
Cd, Co, Cr, Mn, Ni, Zn, 466 
of U and V, 1021 
of U in carnotite, 1026 
of vanadium from other elements, 
1035 

of zirconium, 1099 

Cuprammonium reagent, for paper pulp, 
1886 

Cupric-potassium chloride reagent, 220 
Cupric oxide. See Copper-copper oxide 
mixtures. 

Cuprous chloride, ammoniacal and acid 
for gas analysis, 1195 
for reduction of arsenic, 94 
Cuprous thiocyanate method, for copper, 
357 

test for paladium, 722 
Cupro-vanadium, 1051 
Curcumin, method, for Be, 144 
Cyanamide, analysis for N, CaC, and oil, 
663 

Cyanide and chloride, 277 
Cyanide and thiocyanate, 661 
Cyanide, analysis of commercial, 665, 666 
Cyanide, copper method, 660 
Liebig’s method, 661 
method for copper, 373 
for nickel, 622 
for silver, 831 

precipitates, mercury in, 584 
process, for tin ores, 955 
silver determination, 823 
solution, 
mercury in, 583 
oxygen in, 676 
-thiocyanate separation, 277 
Cyanogen, absorption of, 2347 
detection, 23G3 

Cylinder oil, constants. See Oils ; Tables. 

Decomposition of the sample, chapter on, 
1334 

reagents for, 1335, 1337 
Demulsibility test, bituminous substs., 
1591 

oils, 1740 

Density. See also Specific Gravity, 
of glass, 2165 
of micro samples, 2546 


Dental gold alloys, 754 
Detonators, electric, analysis of, 1686 
Deuterium, 444 

Devaida’s nitrate apparatus, 643, Fig. 68 
nitrate method, 640 
reagents, 641 
weighing bottle, 643 
Developer, photographic, 1091 
Diazzo reaction, bituminous substaners, 
1560 

Dichlorfluorescein indicator, 273 
Dichromate method for iron, 471 
titration of, chromium detennfbation, 
288, 291 

Dicyandiamidine test, for cobalt, 306 
Die-casting alloy, zinc, 1394 
Dicthyldithiocarbamate, test for copper, 
376 

Differential method, potentiometric titra- 
tion, 2318 

Dilution, crankcase oils, 1820 
Dilution of mixtures, formulae for, 2236 
Dimercaptothiodiazol, 1214 
p-Dimetliylaminobenzylidene-rhodanin 
reagent, 1214 
test for copper, 350 
test for silver, 819 
Dimethylglyoxime 
method for Ni, 619 
method for Pd, 724 
reagent, 1214 

separation, Ni and Co, 310 
test for Cu, 350, 351 
test for Ni, 614 
Diphenylamine 

indicator, in chromium determination, 
291 

in iron determinations, 473 
with permanganate, 478 
in zinc determinations, 1065 
solution of, 1205 
in explosives, 1696 
test for nitrates, 631 
Diphenylamine sulfonate, indicator, 397, 
1206 

preparation, 1214 

Diphcnylbeiizidine, indicator, Zn titra- 
tration, 543, 1206 

Diphenyl car ba aide, determination of Cr, 
290 

preparation of, 293 
test for Cr, 290 

Diphenylendoaniloby drotriazole (nitron ) 
method for nitrates, 635 
Diphenylthiocarbazone. See .Dithizone 
Dipicrylaminc, 1215 
Displacement test, hi turn, substs., 
Distillation 

method, arsenic, 69, 91, 92, 93 
boron, 167, 176 
ethyl alcohol, 2137 
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Distillation 

germanium, 43Q 
mercury, 578 
osmium, 750 
rhenium, 770 
selenium, 779 
tellurium, 779 
water, 1340, See Water 
micro, 2546 

residue, bitumin. substs., 1593 
silicon tetrafluoride and hydrofluo* 
silicic acid, 408, 423 
steam, bitumin, substs., 1586 
test, bitumin. substs., 1533 
oils, A. S. T. M., 1705-1713 
turpentine, 1851 
Distribution coefficients, 2586 
Dithizoiie, method for lead, 521 
reagents, 522 
test for silver, 820 
Dividing pipette, 365 (Fig. 43) 

Doctor test, 1742 
Dolomites, calcium in, 210 
solution of, 207 

Dow Chemical Co. standard methods of, 
539-553, 2181-2187 
Drier, paint oils, 1845 
see Ovens. 

Drying oils, list of, 1849 
test, of oils, 1784, 1846 
Duboscq colorimeter, 292 
Ductility, bituminous substances, 1521 
mold for, 1522 (Fig. 192) 

Sec Metallography 

Du Pont de Nemours, F. T. and Co. 

Methods of, 649, 653 
nitrometer, 651 (Fig. 73) 

Dust, in gases, 2389 
Dynamite, analysis of, 1662 
ammonia, 1667 
qualitative test.s, 1662 
Dyne, definition, 1175 
Dysprosium, 245 

C 

Earth Acids'* (oxides of Cb and Ta) 
332 

detection in mixed oxides, 334 
Ebonite in rubber, 1991 
Ebullioseopy, 2532 
Edible fats, see Oils 
Ekasilicon. See Germanium 
Eliadin test, for oils, 1701, 1765 
Electrical conductivity, see Conductivity j 
Conductometric Methods 
Electricity, units, 1174 
Elect roa n aly sis 
apparatus, 359 
beaker, 390 (Fig. 45) 

Braun cabinet, 390 


Electroanalysis 

hydrometer jar, 366 (Fig. 44) 
solenoid, 362 

methods, rapid and slow, 360 
micro, 2510 
Electrode, 
air, 2310 

antimony, 2302, 2310 
bimetallic, 2320 
calomel, 2299, 2303 
E. M. P. values, 2308 
glass, 2303 

grapliite, spectrographic, 1089, 1091 
hydrogen, 2300 (Fig. 324) ; 2311 
limitations, 2300 
titrations, 2309 
mctal-metal oxide, 2311 
oxidation-reduction, 2306 
apparatus, 2314 (Fig. 331) 
oxygen, 2310 
polarized, 2320 
potentials, 2305 
quinhydrone, 2301, 2310 
limitations, 2302 
reference, 2307 (Fig. 325) 
silver-silver chloride, 2300 
systems, for pH measurement, 2298 
working formulae, 2303 
^^Electrolyte," copper in, after electrol- 
ysis, 366 

Electrolytic conductivity method, solu- 
bility, 2586 

Electrolytic determination (eleetrodepo- 
sition) 

antimony, 73 
bismuth, 156 

cadmium, 202, micro method, 2516 
cobalt, 315 

separation from manganese, 310 
copper, 359 ff. micro method, 2517 
gold, 435, micro method, 2518 
lead, 507, micro method, 2^5 
mercury, 579, micro method, 2516, 
2518 

nickel, 620 
micro method, 2513 
separation from manganese, 310 
platinum, 719 

silver, 824, micro method, 2518 
till, micro method, 2513 
zinc, 1059, micro method, 2513, 2515 
Electrolytic separations 

applied to aluminum alloys, 47 
Melaven cell, 47 

applied to alloys, aluminum in, 1389 
applied in steel analysis, 1482 
Electrometallurgical Company, standard 
methods 

for chromium, 293, 296, 301, 
302 

for ferrosilieon, 808-810 
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Eleetrouietallurgical Company, for niau- 
ganese, o67, o6H 

for molybdenum, ores and con- 
centrates, 597-^06 
steel, 610 

for phosphorus, presence of 
vanadium, 706-707 

Electrometric determinations (see also 
Poteutiometric determinations ; 
Potentiometrie titrations.) 
of pH or Hydrogen-ion concentra- 
tion 

cell for, 2311 
electrode systems, 2298 
antimony, 2302 
glass, 2303 
hydrogen, 2300 
qiiinhydrone, 2301 
of paper, 1916 

apparatus, 1916 (Pig. 272) 
potentiometrie principle, 2297 
(Fig. 321) 

reference electrodes, 2299, 
2300 (Figs. 322, 323) 
Electromotive force, definition, 1174 
series, table, 1141 
Eliadin test, for oils, 1765 
Emulsions, bituminous, 1591 
Enlargement methods, 2546 
Eosiii, adsorption indicator, 192, 457 
solution, 1201 
Erg, definition, 1175 
Erbium, 245 

Erioglaucine, indicator, 474, 1206 
Eriogreen, indicator, 1206 
Errors, see under individual determina- 
tions, for sources. 

Esters, in alcohol, 2139 
Etching test, for fluorine, 399 (Fig, 47), 
400 

quantitative, 421, 422 
apparatus, 422 (Fig. 53) 

Ether, acid in, 2270 
chromium test, 282 
method, extraction of iron, etc., 312, 
465 

isopropyl ether in, 465 
Ethine, see Acetylene; Gases 
Ethoxy, micro determination of, 2527 
Ethyl acetate, test for alcohol, 1948, 2137 
alcohol, analysis, 2137 ff. 
detection, 1948, 1949, 2137 
purification, 1771 

specific gravity tables, 2142-2146 
Ethylene, properties of, 2348, 2375 
Europium, 245 
iodometric method for, 255 
Eutectic mixture, 2554, 2555 
Euxenite, 246 


Evaporation 

apparatus for, 910 (Fig. 109) 
rapid, 2233 (Fig. 309) 
test, bituminous substances, 1530 
Evolution method, sulfur, 1442 
apparatus, 1443 (Fig. 185) 
Explosion method, gas analysis, ■ 687 
(Fig. 85) 

Explosives, analysis of, 1660 ff. 
ammonia dynamite, 1667 
ammonium picrate, 1683 
black powder, 1660 

ash, charcoal, moisture, nitrates, 
sulfur, 1661 
sampling, 1660 
blasting caps, 1686 
detonators, 1686 
dynamite, 1662 
gelatin dynamite, 1668 
lead azide, 1685 
low-freezing, 1669 
mercury fulminate, 1685, 1687 
nitrocellulose, 1678, 1690 
guncotton, 1690 
nitrogen in, 1690 
preparation of sample, 1690 
pyroeellulose in, 1691 
stability test, 1692 
test paper for, 1694 
nitrocellulose-smokeless powders, 1695 
nitrochlorhydrin, 1672 
nitroglycerin dynamite, 1662 
nitroglycerin smokeless powders, 169S 
nitroglycol, 1673 
nitropolyglycerin, 1672 
nitrostarch, 1078, 1679 
nitrosugars, 1672 
‘^permissible’^ explosives, 1673 
list of ingroilieiits, 1674 
qualitative examination, 1674 
picric acid, 1682 
, soluble lead in, 1683 
primers, 1088 

composition, 1688, 1689 
qualitative analysis of, 1689 
sampling, 1689 
smokeless powder, 1695 
nitrocellulose, 1696 
nitroglycerin, 1698 
“straight” dynamite, 1662 
tetryl, 1684 
trinitrotoluene, 1681 
Explosives, ingredients in 
acidity, test, 1182 

ash, 1661, 1667, 1678, 1681*, 1682, 1697 

centralitc, 1699 

cereal products, 1680 

charcoal, 1661, 1680 

chlorates, 1675, 1677 

chlorides, 1675 

gum arabic, 1675, 1677 



SUBJECT INDEX 


47 


Explosives, gums, 1680 
insoluble matter, 1667, 1678, 1680, 
1682 

nitrates, 1661, 1666, 1677, 1680 
nitrocellulose, 1669 
nitrocompounds, 1687 

separation from nitroglycerin, 1671 
nitrogen, 1671, 1682, 1697 
nitroglycerin, 1665 
oils, 1665 

perchlorates, 1675, 1677 
resin^, 1665 
solids, 1675 

specific gravities of, 1676 
starch, 1667 
sugar, 1674, 1678 
sulfur, 1661, 1665 
sulfuric acid, 1632 
Explosives, tests and sundries 

extraction with acetone, 1678, 1692, 
1697 

with acid, 1666, 1678 
with ether, 1663, 1664, 1676, 1690, 
1697 

evaporation of extract, 1664 
Avith petroleum ether, 1677 
Avith Avatcr, 1666, 1677, 1680 
moisture in, 1661, 1663, 1670, 1676, 
1679, 1681, 1682, 1087, 1696 
apparatus, 1670 (Fig. 237) 
potassium iodide starch test, 1692 
sampling of, 1660, 1662, 1668, 1686 
solidification point, 1681, 1682 
stability tests, 1692 
at 134.5^ C., 1693 
snrA’eillance test, 1697 
typical compositions, 1700 
viscosity, 1694 

Extraction, see Ferric Cliloride; Rubber; 
Bituminous Substances; Explosives, 
micro, 2546 

F 

Fabrics, sec Bituniinized fabrics 
Factors, sec Tables; conversion factors, 
etc. 

Fats, 1785 
in grease, 1828 
Fatty acids, table of, 1794 
in soap, 2029 

Fatty oils, in lubricants, 1736 
Foodstuffs, iodino in, 460 
Fehling’s solution, 1206 
Feldspar, 2170 
Fergusonite,' 246 
Ferric alum, indicator, 1201 
Ferric chloride, 

extraction with ether, 465 
reagent for tin, 967 
test for phenol, 1950 
Ferric iron, see Iron 


Ferric oxide, determination of iron as, 
467 

in cement, 1602, 1614 
in sand, 805 
in silicon carbide, 815 
see also Iron, estimation, special 
cases; Iron and Alumina, 
salts, distinction from ferrous, 463 
oxidation of iodides by, 454 
titanium by, 985 
Ferricyanic acid, 663 
Fcrricyaiiidc, test for iron, 463 
Ferro-alloys, analysis of 1485 ff, A. S. 
T. M. methods 

Ferrocarbon -titanium, determination of 
Ti in, 983, 987 

Fcrroehromlum, chromium in, 302, 1490 

Ferrocyanic acid, 663 

Fcrrocyanide 

method for copper, 377 
for lead, 508 
for zinc, 1060 

standard solution, 1060, 1065, 1202 
test for copper, 350 
for iron, 463 

Ferromanganese, manganese in, 565, 
1486 

Ferromolybdenum, 1506 
Ferron, reagent for iron, 487 
FeiTosilicoii, analysis, 808; A. S, T. M., 
1485 

Ferrotungsteii, Analysis, A. S. T. M., 
1011 ff ; 1503 ff. 

Ferrovanadium, 1494 
Ferro-uranium, 1028 

Ferrous ammonium sulfate, reagent, 571 
Ferrous iron (see also Iron) 
reduction of chlorates, 274 
of chromates, 286 
test for palladium, 722 
for platinum, 712 . 

Ferrous salts, as reducing agents, 288 
distinction from ferric, 463 
Ferrous sulfate 

method for nitrates, 644, 2214 
reagents, 1206, 2215 
standardization, 2215 
method for peroxides, 675 
for persulfates, 922 
reagent solution, 2206 
test for cyanide, 660 
for nitrates, 630 
for nitrites, 631 

Ferrous sulfide, in sodium sulfide, 2182 
separation method, 469 
Fertilizers, solution of, 863 (see Nitro- 
gen; Potash; Phosphate). 

Fiber, see Bituminous Substances, 

Field assay, of water, 2087 
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Fillers, in grease, 1825 
in paper, 1909 
in rubber, 1982, 1988, 2018 

Filtration apparatus, 

bell-jar, 563 (Fig. 60) 
microanalysis, 2470 (Fig. 409), 2471 
(Figs. 410, 411) 
immersion technique, 2470 
sulfur determination, 911 (Fig. 110) 

Fineness, of silver, 828 
of sulfur, 934 

Fire assay, of gold and silver 835 ff. 
apparatus, special for, 841 (Fig. 

105) j 842 (Fig. 106) 
assay slags, 845 
assay ton, 840 

balances, 841; 844 (Fig. 107) 
borax, amount of, 845 
bullion, 854 
copper bullion, 853 
crucible assay, 841 
crucible charges, 847 
cupellation, 849, 850 
cupels, 837 
cyanide solutions, 856 
definitions, 835 
Bore bullion, assay, 8o5 
furnaces and equipment, 837 

muffle furnace, 839 (Fig. 103) 
oil-fire<l furnace, 838 (Fig. 
102 ) 

two-unit furnace, section, 
840 (Fig. 104) 
fusing the charge, 846 
general outline, 835 
gold and silver bullion, 852 
sampling, 852 
gold bullion assay, 855 

F. S. mint method, 856 
lead bullion, 853 

lead reduction, oxidized ores, 842 
.sulfide ores, 842 
litharge, amount, 843 
parting, 851, 852 

platinum, palladium, gold and silver, 
857 

reagents, 836, 837 
sampling, 840 

scorification assay, 847, 848 
silver, or Dorc bullion, assay, 855 
silver in ores and eoneentrates, 860 
sodium carbonate, amount, 844 
special methods of assay, 857 
weighing and mixing, 846 
weights, 841 

Fire test, of lubricating oils, 1732 
of oils, 1703 

Fixed carbon, see Coal; Bituminous 8ub- 
stance.s. 

Fixed oils, etc. sec Oils, Fats, Waxes, 
in varnish, 1852 


Flame, coloration by. (See also Spec- 
tra.) 

barium, 117 
boron, 162 
caesium, 893 
calcium, 205 
• copper, 349 
lithium, 887 
potassium, 862 
rubidium, 893 
sodium, 876 
strontium, 899 
tballium, 943 
tests, table of, 1108 
Flash test or point, 

of bitumin. aubsts., 1533 

burning oils, 1702, A. S. T. M, 
fuel oils, 

Pensky -Martens test, 
1744, A. S. T. M. 

Tag Test, 1752, A. S. 

T. M. 

lubricating oils, 1732, A. S. 

T. M. 

solvents or diluents, 1756 
varnish, 1851 
Flasks, volumetric, 
calibration, 1223 (Fig. 130) 

Fleming absorption bulb, 222 
Float test, viscosity, 1518 
Flow meter, 2342 
Flowers of sulfur, 935 

appearance, 935 (Fig. 117) 

Flue dust, selenium and tellurium in, 790 
Flue gases. See gases. 

Fluorescein, 
indicator, 273 

dichlor derivative as, 1201 
solution, 1201 

Fluoreseen<-o, analysis by, 2.546 
Fluoride, method for calcium, 216 
test for silica, 794 

Fluorides, det’n. of silica in presence of, 
799 ^ 

Fluorine, 

detection, 

etching, black filter and hanging- 
drop tests, 399-401 
estimation, 
colorimetric, 

Stcigcr-Mcrwin method, 423 
effect of n,SO„ 411 (Fig. 51) 
fluoride-titration, 412 (Fig. 52) 
stand, solutions, 411 
Zircon ium-purpurin method, 42.3 
fluoride equivalent to Zr, Ta- 
ble, 424 

interferences, 425 
microappUcation, 424 
gravimetric, 

calcium fluoride method, 404 
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Fluorine, 

lead chlorofluoride method, 405 
triphenyltinfluoridc method, 406 
volumetric, 

calcium acetate method, 413 
lead chlorofluoride method, 418 
silicon tetrafluoride method (Of- 
ferman), 409 

Adolph’s apparatus, 409 
(Fig. 50) 

zirconium-alizarin-thorium method 
, (Willard and Winter), 407 
occurrence, 399, 401 
preparation of the sample 

calcium fluoride, hydrofluoric acid, 
organic substances, siliceous 
ores, slags, soluble fluorides, 
fluorspar, 402, 403 

removal, before determining calcium, 
208 • 

separation by distillation, 408, 423 
from boric acid, 404 
hydrochloric acid, 404 
phosphoric acid, 403 
silica, 403 

solubility of salts, 402 
traces, determination of, 410, 421, 423 
estimation, special procedures 
in alkali fluorides, 417 
in barium ores, 135 
in minerals, calcium and equiv. 
fluorine, 415 

in organic compounds, 407 
in rocks, 407 
in sulfuric acid, 2233 
in water, 407 

Fluorspar, analysis for calcium car- 
bonate, 

calcium fluoride and silica, 419, 420 
perchloric acid method, 403 
silica in presence of, 802 
Foaming, of water, 2086 
Foods, aluminum in, 56-58 
arsenic in, 107 
boron in, 165, 166 
tin in, 971 

Foot-canulc, definition, 1174 
Foot-pound, definition, 1175 
Foots, in linseed oil, 1843 
Ford-Williams method, for manganese, 571 
Foreign matter, in sodium forrocyanide, 
668 

Formaldehyde, detect, and estimation of, 
2149 

peroxide method, 2149 
test for silver, 819 
Formic acid, analysis of, 2246 
in acetic acid, 2249 
test for iridium, 730 
osmium, 748 
palladium, 722 


Formic acid, platinum, 713 
rhodium, 742 
Formulae for: 
areas, 1170 

diluting mixtures, 2236 
gas velocities, 1173 
heat value, of coal, 1657, 2384, 2386 
pH, electrodes, 2303, 2304 
volumes, reduction to N. T. P., 1173 
Free acid. See Acidity. 

Freeport Sulfur Company, methods for 
sulfur, 937-941 

Freezing-point curves for sulfuric acid, 
2228 

method, solubility, 2584 
Fuel gases. See Gases. 

Fuel oils. See Oils. 

Fuels. See Coal and Coke. 

mixed, heat of combustion, 1187 
Fuming sulfuric acid, analysis of, 2233 
equivalent, table, 2243 
Furfural, in acetic acid, 2249 
in alcohol, 2140 

Furnace, Denver Fire Clay, 1645 (Fig. 
233), 1646 (Fig. 234) 
electric. See Iron and Steel; Carbon; 
Coal and Coke, etc. 
for microanalysis, 2472 
See also muffle furnaces; ovens; driers. 
Fusel oil, in ethanol, 2140 
Fusibility, of ash, 1645 
Fusible metals, analysis, 1399 
Fusion, heat of, table, 1188 
methods, general, 1336 
for chrome ores, 284 
for iron ores 

bisulfate, 464, 477 
carbonate, 465, 477 
for nickel ores, 616 
for silica, 797, 799 
for tin ores, 956 
for titanium ores, 978 
for tungsten minerals, 
for vanadium ores, 1033, 1047 
See also Prepartion of Sample under 
elment or substance in question, 
tests, bitumin, substances, 1523 

G 

Gadolinite, 246 
Gadolinium, 245 
Gallium 

behavior in solution, 426 
detection 

spectroscopic, 426 
estimation, 

gravimetric, as the oxide, 428 
in ores, 428 
occurrence, 426 

preparation and solution of the sample, 
426 
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Gallium 

separations, 

from aluminum, chromium, indium, 
uranium, cerium, 427 
aluminum, indium and iron, 427 
from bivalent metals, 427 
iron, 427 
uses, 426 

Galvanized sheets, zinc determination, 
1087 

u'ire, zinc determination, 1088 
Gas, analysis, 2336, 2349 
accuracy, 2351, 2352, 2359 
apparatus, absorption bulbs, pipettes, 
tubes, 2344 

measurement of large quantities of 
gas, 2339 

anemometer, flow meter, ori- 
fice meter, Pitot tube, ro- 
tameter, Thomas electric 
meter, wet meter, 

measurement of small quantities of 
gas, 2343 

Hempel's gas burette (Fig. 
366), 2353, separatory 

funnel and graduate, 
2400 

apparatus, analytical, Elliot’s appa- 
ratus, 2351 

Hcmpel’s (Pig. 84), 686 (Pig. 366), 
2353 (Fig. 367), 2354 
Orsat’s, 2349 

pipette, explosion (Fig. 85), 687 
sampling tubes, pumps, containers, 
12336 
special, 

for traces of oxj’gcn (Fig. 86), 

688 

application and interpretation of re- 
sults, 2380 ff. 

combustion data and calculations, 
2411-2413 

compressed, and handling, 2420 
cylinders, 2360, 2420 
examination of gases, 2345, 2346 
absorbed by group reagents: 
cuprous chloride, 2348 
ferrous sulfate, 2348 
potassium hydroxide, 2347 
pyrogallol, 2348 
silver nitrate, 2347 
sulfuric acid, 2346 
unabsorbed, 2348 

acetylene, det’n oxygen, hydrogen, 
methane, nitrogen, sulfur-contain- 
ing gases, phosphine, 2402 
air, moisture, carbon, monoxide, 
ozone, sulfur dioxide in, 2403 
chimney and flue gases, carbon di- 
oxide, indicators, temperature, 
heat loss, smoke, det’n of, 2403 


Gas, coke-oven, 2154 

electrolytic gas, chlorine and other 
gases, 2402 
helium, group, 2348 
illuminating gas, 

ammonia in, 2396 
calorific value of, 2391 
> apparatus (Fig. 371), 2390; 

(Fig. 372), 2391; (Pig. 

373), 2392 

calculations, 2393, 2394 
record, 2433 
candle-power of, 2391 
carbon dioxide in, 2355, 2397 
carbon monoxide in, 2356 
hydrogen sulfide in, 2396 
illuminants, oxygen in, 2356 
methane and hydrogen in, 
Hempel’s method, 2357 
Hinman’s method^ 2356 
naphthalene in, 2396 
nitrogen in, 2358 
specific gravity of, 2397 
sulfur in, 239o 
gasoline, in natural gas, 2408 
industrial gases, analysis of, 2380 
liquids, 2414 

micro methods. See Microanalysis, 
2537 ff. 

mine gases, 2400 

carbon monoxide in, 2401 
methane in, 2401 
moisture in gases, 1347, 2408 

apparatus (Figs. 380, 381), 2408 
natural gases, 2407 

samjiling, 2409 (Fig. 382), 2409 
nitrogen in gases, nitrometer method, 
2418 

noble (helium etc.), 2348 
oxygen, in gases 

by explosion, 687, apparatus (Fig. 
. 85), 

by phosphorus, 685, apparatus (Fig. 
84), 686 

by ])yrogallate, 686 
traces of, 687 

Duly apparatus (Fig. 86), 688 
producer, fuel and blast furnace gases, 
2388 ^ 

properties of gases and their estiiua- 
tion, 2360-2380 
reagents, 2421-2424 
sampling of (see also Sampling), 2336 
solubilitv, det’n of, 2587, 2589 (Figs. 

489, 500) - 

specific gravity of, 2344 
standard conditions, 2340 
sulfuric acid gases 

burner gases, 2399 
nitrogen oxides in, 2400 
oxygen, 2400 
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GaSj sulfuric acid gases, solids (sus- 
pended), 2414 

sulfuric acid mist, 2416, appa- 
ratus (Figs. 385, 386) 
sulfur dioxide, 2399 
time required for, 2351, 2352, 2359 
Tyndall test of, 2414, apparatus (Figs. 
383, 384) 

procedures with special apparatus; 

Elliott apparatus for CO, CO 
and 0„ 2351 

Hempel apparatus, determina- 
tion of oxygen, 
by combustion with hy- 
drogen, 2353 
by phosphorus, 2355 
by pyrogallolate, 2355 
Junker's calorimeter, 2392 
Orsatt apparatus, determination 
of CO, CO„, hydrocarbons, O,, 
2349 (Fig.' 364) 

tables 

absorption, 2346-2348 
aqueous vapor pressure, 2425 
calorific power, 2426 
constants, 1166-1167, 1171-1172, 

2424 

correction factors, 2429-2430 
cylinder dimensions, 2428 
dangerous concentrations, 2427 
emergent stem corrections, 2431 
humidity corrections, 2432 
specific gravities, 2411 
specifie heats, 2425 
volumetric factors, 2428 
water, determination in, 1347 
Gas, velocity of flow (Pitot), 1173 
Gas volumes, conversion formulae, 1173 
Gasoline, see Oils 
in natural gas, 2408 
specifications, table, 1791 
test of, 1742 

Gay-Lussac Method, for silver, 826 (t'ig. 
100 ) 

pipette, 829 (Fig. 101) 

Geissler absorption bulb, for CO.. 221 
Gelatin dynamite, analysis of, 1668 
Gelatin, effect on pH measurement, 2288 
nutrient, 2120 
Gelation, of timg oil, 1847 
Generator, traces of antimony, 79 
Gerhardt absorption bulb, for CO., 221 
Oermanium, 
detection, 429 
08timati»n 
gravimetric 

as magnesium orthogermanatc, 430 
as oxide, 430 
ocurrenco, 429 

preparation and solution of the sample, 
429 


Germanium, 
separations 
by volatilization, 430 
from the copper group, 429 
volatility (chloride), 429 
Glass, analysis of 
alkalies, 2166 

alumina, ferric oxide, lime, mag- 
nesia, lead oxide 
and silica, 2165, 2166 
boric oxide, 2167 

calcium and barium separations, 2168 
factors, 2169 
Glass electrode, 2303 
Glass-making materials, analysis 
barium carbonate, 2172 
feldspar, kaolin, clay, 2170 
lime, 2173 
potash, 2169 
sand, iron in, 482, 483 
Glucose, in boric acid titration, 180 
Glucosidcs, detection of, 1951 ff. 

Glue, det'n in rubber, 1986, 1987, 2007 
Glycerine (or glycerol) 

detection, in grease, 1827 
estimation, 2150, 2153 
in soap, 2038, 2039 
in boric acid titrations, 170, 171 

Gold 

detection 

benzidine acetate test, 432 
in alloys, 431 
minerals, 432 

pheiiylhydrazine acetate test, 433 
estimation 

colorimetric *. 

Cassell, Moir and Priester meth- 
ods, 438, 439 
gravimetric 

electrolytic, 435, micro method, 
2518 

fire assay, 835 ff. 
wet assay, 435, 436 
Volumetric 
iodide method, 437 
Lenher's method, 438 
permanganate method, 437 
occurrence, 431 
precipitation as metal, 434 
preparation and solution of the sam- 
ple, 433, 436 

proof gold, preparation, 440 
separations 
by displacement, 433 
from platinum metals, 434 
from tellurium, 434 
solubility, 433 

Gold bar, platinum and palladium in, 
725, 727 

Gold bullion, fire assay, 855, 856 
Grain, water in, 1340 
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Grain-growth in steel, see Metallography 
Graphite, carbon in, 235 
in iron and steel, 232, 1430 (see also 
Metallography) 

Gravimetric methods, see individual ele- 
ments. 

Gravity, see Specific gravity 
Grease analysis of, 1823 
Greases, 1791 

Green pigments, see Pigments 
Grinders, 1310, 1311 
Guanidines, in rubber, 2017 
Gum arabic, in explosives, 1677 
test for, 1675 

Gum content, of gasoline, 1814 
Gumming test, of oils, 1737 
Guttapercha, 1966, 1992 
Gutzeit apparatus, 107 (Fig. 14) 

Gutzeit method, for arsenic, 101-108 
micro, 2504 

applied to antimony, 78-82 
purification of acid for, 104 
Gypsum, analysis, A. S. T. M, 

’Calculations, 215, 216 
carbon dioxide, 214 
iron and alumina, 214 
lime, 214 
magnesia, 215 
sulfur trioxide, 215 
water, combined, 214 
free, 214 
in grease, 1825 
in paints, 1866 

H 

Hafnium, see Zirconium, 1093 ff. 

Halogens, determination in organic com- 
pounds, 265 ff. 
mieromethods, 2494 

separation and determination in their . 
mixtures, 276 

test for, para-aminodimethylaniline, 
281 

Halphen test, cottonseed oil, 1778 
Hanging-drop test, for fluorine, 400, ap- 
paratus (Fig. 48) 

Hard lead, see Lead 
rubber, see Rubber 

Hardness, detennination, of veater, 2082 
of bitumens, 1520 
Heat, definitions, 1174 
of combustion, table 1185, 1186 
mixed fuels, 1187 

of fusion, elements and compounds, 
tables, 1188, 1189, 1190 
passing up chimney, calculation, 2382, 
2383 

loss due to CO, 2387 
test, for oils, 1847 

treatment, alloys, see Metallography 
Helium, 2348, 2379 


Ilexabromide test, for linseed oil, 1779 
yield, from various oils, 1780 
Holmium, 245 

Horse-power, definition, 1175 
H.T.H. = High-Test Hypochlorite 
Hydrazine sulfate, teat for Se and Te, 
776 

Hydrazine- sulfur dioxide method, for 
tellurium, 785 

Hydriodic acid, reagent for ^‘insol- 
ubles/' 1335 

removal from nitric acid, 635 1 
solubility of mercuric sulfide in, 577 
Hydrobroniic acid, removal from nitric 
acid, 635 
Hydrocarbons 
in gas analysis, 2350 
in illuminating gas, 2356, 2357, 2396 
in natural gas, 2407 
in rubber, 1966, 2008, 2009 
in. soap, 2040 

Hydrochloric acid (sco also Acids) 
analysis of, 2203 
detection, 261 

estimation, gravimetric, 269 
free, deter mi nation of, 277 
volumetric, 2209 
in acetic acid, 2251 
in formic acid, 2247 
in liquors, ammouiacal, 638 
in nitric acid, 2212 
in presence of chloric and per- 
chloric acids, 276 
in sulfuric acid, 2232 
impurities in 

arsenic, 89, 106, 2204 
barium chloride, 2204 
chlorine, free, 2204 
silica and solids, 2205 
sulfuric acid and sulfates, 2204 
method for separating potassium and 
sodium, 868 

preparation, arsenic-free, 104, 1196 
specific gravity, 2205 
tables, 2206-2208 
constant-boiling acid, 2196 
standard solution, 2195 

gravimetric standardization, 2196 
test for iron, 462 
lead, 500 
mercury, 562 
silver, 818 

Hydrocyanic acid, commercial, analysis 
of, 665 

detection, 660, 1946 
gaseous, 2347, 2363 
volumetric estimation ^ 

bromine method (Schuleli), 66- 
copper method, 660 
silver method (Liebig), 661 
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Ily dr of err i cyanic acid, 663 
Hydroferrocyanic acid, 663 
Hydrofluoric acid, 
analysis of, 2209 
hydrofluosilicic acid in, 2209 
method for alkalies, 883 
sulfuric acid in, 2210 
sulfurous acid in, 2210 
Hydrofluosilie acid, in hydrofluoric^ 2210 
Hydrogen 

active, micro method, 2547 
detection, 442 
estimation 
in coal, 1649, 
in gases, 2356, 2357, 2374 
in organic compounds, 223, 224 
micromethoda, 2475 fif. 
semimicro, 225 
in steel, 443 (Fig. 54) 
isotopes, 444 
occurrence, 442 
properties, 442, 2348, 2373 
reduction method for 
copper, 389 
osmium, 748 
rhodium, 742 
tin ores, 957 , 

Hydrogen antimoiiide, 2347 
arsenide, 2347 
Hydrogen chloride, gaseous 
absorption, 2347 
determination, 2363 
generation of, 13 
properties, 2362 

Hydrogen electrode, 2300 (Fig. 324) ; 
2309 

platinizing, 2301 

Hydrogen-ion concentration; see also pH 
and the pH scale, 2277 
determination of 

colorimetric, 2274 ff. 
electrometric, 2297 ff. 
of paper extracts, 1916 
of water, 2073 
buffer solutions, 2074 
indicators, 2073 

Hydrogen peroxide, detection, 904 
determination 

arsenious acid method, 2180 
ceric sulfate method, 1205 
iodide method, 2180 
permanganate method, 2181 
method for chromium, detect., 282 
formaldehyde, 2149 
iodide, 456 
titanium, 987 
vanadium, detect., 1031 
•phosphoric acid method for iodides, 
456 

test for titanium, 976 
Hydrogen phosphide, 2347 


Hydrogen sulfide 
detection, 904 
estimation, 924 
evolution method, 911, 914 
(see also iron and steel) 
generator for, 

Scotty 97 
Urbaseh^s 98 

group, see Qualitative analysis, 

nil ff. 

see Separations under various ele- 
ments. 

in ammoniacal liquors, 638 
in gases, 2347, 2364 
illuminating, 2396 
in water, 2078 
method for iron, 469 
precipitation of molybdenum, 592 
platinum metals, 710 
reduction of chromates, 286 
test for copper, 350 

colorimetric determination, 380 
for iridium, 730 
for lead, 500 
for mercury, 574 
for nickel, 614 
for osmium, 748 
for palladium, 722 
for platinum, 712 
for rhenium, 768 
for rhodium, 742 
for ruthenium, 737 
for selenium, 776 
for tellurium, 776 
for tin, 954, 960 
for vanadium, 1031 
for zinc, 1054 

Hydrometer, 242, 1513, 1514 (Pig. 187). 
See also Specific gravity, 
jar, 366 (Fig. 44) 

Hydrosulfite, sodium, 930 
Hydroxide see under the element in ques- 
tion 

ion, in water, 2066, 2095 
see Alkalies; Sodium hydroxide; Po- 
tassium hydroxide, etc. 

1,2,5, 8-Hydroxy anthraquin one, test for 
Al, 2 

for Be, 138 ^ 
colorimetric method, 143 
volumetric method, 145 
Hydroxyl amine, determination, 647 
S-IIydroxyquinoline, see Oxine. 
Hypochlorite; see also Bleaching powder 
reagent for phenol, 1950 
test for, 262 

ill presence of chloride, 274 
Hypochlorous acid, detection, 262 
Hypophosphorus acid, 

reagent for 8e and Te, 776 
test for, 689 
Hypotheses, 1191-1193 
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I 

Identification, by the microscope, 2434 
I^ition loss, see Loss ou Ignition 
Illinium, 245 

Illmenite, analysis, 4D5— 199 
Illuminants, in gases, 2356 
Illuminating gas, analysis of, 2355 
Impurities, see under individual sub- 
stances. 

Indicators (sec also under Heagents) 
acid-alkali, 2191 
stock solutions, 2192 
adsorption, for precipitation titrations 
for halides, 192, 273, 457, 2499 
for mercury, 582 
for silver, 830 
for sulfates, 919 

oxidation-reduction, 1205, 1206, 1207 
pH measurement, 2281 
Indigo carmin, 2158 
Indigo solution, standard, 930 
Indigotin disulfonate, indicator, 679 
Indium 

behavior in solution, 445 
detection, 445 
estimation, as oxide, 446 
as sulfide, 447 
in zinc blende, 447 
preparation of the solution, 446 
separation 

from aluminum, 446 
galliuTn, 446 
iron, 446 
manganese, 446 
zinc, 446 

Industrial gases, see Gases 
Inks, printing, analysis, 2174 
determination of oil, 2174 

separation from pigment, 2174 
pigment analysis 
black, 2173 
blue, 2177 
green, 2178 
red, 2177 

Insecticides, water soluble arsenic iti, 90 
Insoluble matter 

in asbestine, china clav, silica, si lex, 
1866 

in cement, 1601 

in composite paint, white, 1867 
in explosives, 1667, 1678 
in green pigments, 1875 
in gypsum, 214 
in nichrome, 1408 
in pigments, 1875 
in potash, 2169 

in red lead or orange mineral, 1869 
in rubber, 1973 
in soap, 2037, 2038 
in soda ash, 2262 


Insoluble matter 

in soilium fluoride, 420 
in sodium hydroxide, 2256 
in sodium nitrate, 645 
in sodium sulfide, 2182 
in trisodium phosphate, 705 
International Nickel Company, standard 
methods, 619, 624-628 
Interpretation of results of analysis, see 
Gases; Oil; Water, 
lodate, determination, 458 

and periodate in mixtures, 458 
method for arsenic, 100 
potassium, 454 

methods, 99, 372, 455, 582, 1209 
Iodide method 
for antimony, 75 
chromium, 288 
copper, 368 
gold, 437 
manganese, 570 
oxidation by chlorine, 456 
to iodate, 456 

to iodine monochloride, 455 
Iodine 

detection, 448 

estimation, general procedures 
gravimetric 

as pnlladous iodide, 452 
as silver iodide, 451 
volumetric 

hydriodic acid, soluble iodides, 452 
liberation of iodine 

by chlorine (MohrDiipre), 
456 

ferric salts, 454 
hydrogen peroxide, 450 
nitrous acid (Fresenius), 
454, 455 (Fig. 55) 
potassium iodate, 454 
oxidation to iodate, 456 

iodine monochloride, 455 
Volhard ’s method, 457 
with silver nitrate, 457 

adsorption indicator, 457 
special procedures 
in brines, 459 
in feedstnffs, etc., 460 
ill halogen mixtures, 276 
in nitric, acid, 2213 
in organic substances, 450 
in water, 459 
occurrence, 448 
preparation of the sample 

iodides, iodine (commercial), io- 
dates, minerals, organic sub- 
stances, ])hosphatc8, water, 449, 
450 

reagent, 0.1 N, preparation, 965, 1207 
separation, from heavy metals, other 
halogens, 449 
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Iodine 

solubility, element and its salts, 449 
traces, estimation of, 460, 461 
Iodine method 

for antimony, 76 
for arsenic, 99 
for hydrogen sulfide, 924 
for metabisulfitos, sulfites, sulfurous 
acid, thiosulfate, 920 
for molybdenum, o94 
for tin, 964 

lodiii'i monochloride, 45o 
reagent, 1209 

Iodine number, see also Oils; Paints* 
Soap 

determination 
Ilanus, 1767 
Hiibl, 1768 
of linseed oil, 184o 
value, of soup, 2043 
Iodine peiitoxide, method for CO, 2406 
Iodine test, for Pd, 722 
Iodoform test, for alcohol, 2137 
7-IodO'8-liydroxy(juinnlinc (forroii), iron 
reagent, 487 

lodoinetrie methods. See also Iodine and 
Potassium Iodide methods, 
for available oxygen, 675 
for maugaiiese, 570 
for molybdenum, 593 
for nitrates (Gooch an<l Grnener), 
647 

for selenium, 793 
for tellurium, 793 
Tonie mobilities, table, 2324 
Iridium 
detection, 730 
estimation 
gravinietric 

ammonium chloride method, 732 
Ileville-Stas-Gilchrist method, 733 
microuiethod, 2.117 i 

})recip5tatiou as dioxide, 735 
resithie method, 732 
zinc, reduction method, 732 
occurrence, 730 

1 1 reparation and solution of the sample, 
731 

separations, from osmium, 732 
from pl.atinum, 731 
solubilities, 730 
test for nitrite, 655 
Iron, “Armco,^^ 808 
detection 

hydrochloric acid, ferrocynnide, sali- 
cylic acid, sodium ]M*roxide and 
thiocyanate tests, 462, 463 
estimation, general procedures 
colorimetric 

ferron method, 487 
salicylic acid method, 487 


Iron, standard solutions, 1199 
thiocyanate method, 486 
thioglycollie acid method, 487 
giavimetric 

as the oxide, 467 

eupferron method, 468 
separation as FeS, 467 
volumetric 

oxidation methods, 469 
ceric sulfate, 474 
potassium dichromate, 471 
diphcuylamine indicator, 
473 

microapplication, 2522 
potassium perm.anganate, 474 
reduction, prior to titration 
by hydrogen sulfide, 469 
by metals, 470 
test lead, 470 
by potassium iodide, 470 
by stannous chloride, 470 
by sulfurous acid, 470 
by zinc, 470 
reduction methods, 

^vith potassium iodide, 482 
’ivith stannous chloride, 484 
■with titanous salt, 479 
estimation, special procedures (see also 
Iron oxide and Alumina) 
in alumina, 27 

in aluminum, and its alloys, 42 
ill aluminum ores, 20 
salts, 15 
in alundum, 34 
in ‘‘arsenic,^’ 110 
in barium ores, 134 
in bauxite, 24, 997 

ill bismuth bronze, A. S. T. M., 1377 
ill bronze, A. S. T, M., 1365 
in copper, 382, 383 
in Gorman silver, 'A, S. T. M., 1373 
in glass, 2166 
in glass sands, 482 
ill illmcnite, 497 
in lead (pig), 1418 
in magnesium alloys, 548 
in manganese bronze, A. S. T. M., 
1357 

in monel metal, 1379 
in nichrbme, 1407 
in nickel, 627 
in ores, 469, ff. 

optional method, 477 
in paper, 1915 

in pigments (paint), 1872, 1873, 
1876 

in sand, 482 
in silver solder, 1404 
in slag, 2022 
in stellite, 327, 1411 
in sulfuric acid, 22.30 
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Iron, in tin -base metal, 1389 
in titaniferous or eg, 995 
in water, 2059 

in zinc, spcetrochcmieal method, 1089 
in zinc-base alloy, 1390 
in zinc chloride, 1080 
occurrence, 462 

preparation and solution of the sample, 
463 

iron and steel, 1422 fif. 
ores, salts, silicates, 464 
fusion methods, 464, 465 
separations 
ether method, 465 
from aluminum, sulfide method, 467 
beryllium, 141, 142 
manganese, basic acetate, 558 
general method, 465 
iron group from A1 (U, V, Cb, Ta, 
P, Zr), 466 
•with cupferron, 466 
solubilities, 464 
traces, 486, 487 

Iron and Steel. See also Metallography, 
analysis, A. S. T. M. methods, 
1421 n. 

micromethods, 2545 
determination of: 

aluminum, 52, 53, 1482 
arsenic, 91, 112 
carbon, combined, 232 
graphitic, 232, 495, 1430 
total, 229, 488, 1426 

apparatus, 1428 (Pig. 184) 
details, 489 

chromium, 291, 293, 495, 1454, 
1473, 1477 
potentiometrie, 2315 
copper, 355, 1446, 1448 
cobalt, 323, 1466 
graphite, 232, 490, 1430 
hydrogen, 443 
manganese 

bismuthate method, 491, 494, 
1431 

lead oxide method, 491 
periodate method, 1470 
pei^ulfate method, 490, 1434, 
1471 

molybdenum, colorimetric, 606, 
609, 610, 1404, 1481 
gravimetric, 608, 1461, 1462 
nickel, 495 

cyanide method, 624, 1452 
electrolytic, 1451 
glyoxime method, 1450 
nitrogen, 656 
oxygen, 684 (Pig. 83) 
phosphorus, 492, 494, 699, 700, 
1435, 1438 


Iron and steel, in alloy steels, 701, 703, 
1437 

in cast iron, 702 
selenium, 1480 
silicon, 493, 494, 806, 1444 
conductivity method, 811 
perchloric acid method, 1446 
rapid foundry method, 493 
sulfur, gravimetric, 492, 911, 1440 
volumetric, 492, 494, 913, 1442 
apparatus, 1443 (Fig. 185) 
titanium in, 1468, 1482 • 

tungsten in, 1465 
uranium, 1028 

vanadium, 293, 1458, 1459, 1473, 
1477 

detection, 1031 
potentiometrie method, 2315 
zirconium, 1470, 1482 
preparation of sample, 488 
precautions, 1423 
reagents, 697, 699 
sampling, 1422, 1423 (Pig. 183) 
Iron ore, chromium in, 291 
Iron ore briquettes, copper in, 354 

reduction for sulfur determination, 
913 

Iron oxide and alumina 

in barium carbonate, 2172 
in barium ores, 134 
in blanc fixe, 136 
in caustic soda, 2259 
in chrome ores, 297 
in gypsum, 214 
in magnesia, 538 
in magnesite, 536, 538 
in sand, 806 
in soda ash, 2262 
in sodium nitrate, 645 
in sodium silicate, 805 
in tartaric acid, 2255 
in zinc chloride, 1080 
Iron oxides, as pigments, 1872 
Iron salts, free acid in, 2245 
Iron sulfide, available H^S, 914 
Irrigating w’aters, examination, 2098 
Isopropyl ether, extraction of ferric chlo- 
ride, 465 

J 

Jones rcductor, 476 (Fig. 56) 

apparatus,^ preparation and blank, 
476 

method for iron, 469, 475' 
molybdenum, 594 

apparatus, t595 (Figs. 64, 65) 
phosphorus, 699 
titanium, 495, 984 
vanadium, 1039 
Joule, definition, 1175 
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K 

Kaolin, 2170 
Kilowatt, 1175 
Kjchldahl digestion 

apparatus, 633 (Fig. 633) 
selenium catalyst, 633 
Koettstorfer number, 1771 
Krypton, 2348 
properties, 2380 

L 

Laboratory, for micronalysis, 2461 
Lamp method, for sulfur, A. S. T. M., 
1713 

Lanthanum, 245 
I^ard, see Oils, fats, etc. 

Latent heat, delinition, 1174 
Latex, 1068 

Laws, chemical, 1191-1192 
Lead acetate, precipitant, 2335 
Lead, 

detection, general procedure, 501 
tests with IICl, H„S, chromate, 500 
estimation, general procedures 
colorimetric 

■ dithizone method, 521 
reagents, 522 

standard lead solution, 1200 
sulfide method, 517, apparatus, 518 
reagents, 519 
gravimetric 

as chromate, 507 
as molybdate, 506 
as peroxide, PbO.,, by electrolysis, 
507 

micromethod, 2515 
as sulfate, 504 
volumetric 

chromate-iodide method, 512 


ferrocyanide metliod, 508 
molybdate method, 511 
permanganate method (A. H. 

Low), 509 

estimation, special procedures 
in alloys and metals, 505 
in aluminum and its alloys, 43 
in * ‘arsenic,’’ 110 
in basic lead carbonate, 524, 1859 
in basic lead sulfate, 1856 
in bearing metals, A. S. T. M., 1364 
in bismuth bronze, 1375 
in blanc fixe, 136 
in brass, 392 

in bronze, A. S. T, M., 1354, 1355 
in copper, 386 
in corroded >vbitc lead, 524 


in glass, 2165 

in lead-base alloys, A. S. T. M., 1381, 


1384 


in lead ore, 523 
in magnesium alloys, 552 


Lead, 

in orange mineral, 524, 1869 
in pigments 

chrome green and yellow, 1856, 
1875, 1876 

composite white paint, 1868 
see also basic carbonate, sulfate, 
red lead, etc. 

in picric acid, soluble, 1683 
in red lead, 524, 525, 1869 
in selenium, commercial, 788 
in silver solder, 1404 
in sublimed blue lead, 1858, 1874 
in sulfuric acid, 2230 
in tartaric acid, 2255 
in tin-base alloys, A. S. T. M., 1381 
1384, 1387 
in w'ater, 2080 
in Wood’s metal, 1399 
in zinc (slab), 1071 
spectrochem. method, 1089 
in zinc-base alloy, 1396 
in zinc lead and leaded zinc, 1861 
in zinc ores, 527 
impurities in metallic lead, 

bismutli in lead bullion, 159 
complete analysis of pig lead, 
A. S. T, M., 1413-1420 (de- 
termining Bi, Ag, As, Sb, Sn, 
Fe, Co, Ki, Mn) 
zinc, 1083 

industrial application of method, 501 
ocurrence, 500 
pig lead, 1413 

preparation and solution of the samjjle 
minerals, ores, alloys, 501, 502 
reducing agent, 470 
separations 

as lead sulfate, 502 

extraction with ammonium ace- 
tate, 503 

from barium, 124 

barium, columbium, tantalum, am- 
monium sulfide and ammonium 
carbonate groups, 503 
calcium, 503 

solubilities, the metal and its salts, 
501, 502 

traces, Sec also, estimation, colorimet- 
ric, 517-522 
gravimetric, 514 

acetate extraction, 515 
dithizone extraction, 521 
occlusion by hydroxide of another 
metal, 516 

Seeker-Clayton method, modified, 
517 

Lead acetate method 

for molybdenum, 589 
for vanadium, 1036 
test, for iridium, 730 
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Lead arsenate, arsenic in, 90 
Ivead azide, 1685 
Lead-base alloys, analysis, 1381 
Lead basic carbonate, analysis, 1859 
lead in, 1860 
Lead basic sulfate, 1856 
Lead bullion, assay, 853 
Lead carbonate, in blue lead, 1874 
Lead chloro-fluoride method, for fluorine, 
405 

Lead chromate, test for Cr, 282 
Lead nitrate, as precipitant, 2335 
Lead oxide, fusion method for silicates, 
799 

in bine lead, 1874 
in glass, 2165 

Lead peroxide, electrodeposition, 507 
in red lead, 524, 525, 1870 
method for Mn, 491 
Lead slimes, Se and Te in, 789 
Lead sulfate, decomposition, 907 
in basic lead sulfate, 1857 
in blue lead, sublimed, 1874 
Lead sulfite, in sublimed blue lead, 1874 
Lead titanate, in pigments, 1864 
Liebig bulb, 221 

cyanide method, 661 
Light absorption, by glass, 1648 
Light filter, chrome alum, 862 
Lime, see also Calcium Oxide 
analysis, for glass, 2173 
and magnesia 
in barium ores, 134 
available, 212 
chloride of, 278 
free 

in bleaching powder, 2161 
in calcium carbonate, 2270 
in cement, 1618 
from silicon carbide, 813 
in cement, 1617 
in chrome ores, 299 
in gypsum, 214 
in magnesia, 538 

in magnesite, cnide or burned, 536, 538 

ill sand, 806 

in slag, 2021 

in soda ash, 2262 

in sodium nitrate, 645 

in sodium silicate, 805 

in zinc chloride, 1081 

method for 

fixation of methyl borate, 166 
halogens in organic matter, 266 
value, in water analysis, 2084 
Limestone 

analysis of, 1617 
in cement, 1617 
silica in, 802 

Linde Air Products Co. Standard method 
for oxygen, 670-674 


Liiido- Gladding method, for potassium, 
871 

Linseed oil, analysis, 1843 ff. 

hexabromide test for, 1779 
Liquid bleach, 279 
Liquid fuels, analysis of, 1742 ff. 
Liquids, evaporation of, 2233, Fig, 309 
in gases, 2414 
sampling, see Sampling 
Litharge, see Fire Assay 
Lithium, 

detection, 887 
estimation, general 

as lithium chloride, 888 

alcohol-ether procedure, 890 
as lithium sulfate, 888 
Goodies method, 888 
other methods, 892 
Eammelsberg’s metliod, 887 
spectroscojiic method, 891 
estimation, special case 
in water, 2065 
occurrence, 887 
separations 

from sodium and potassium, 890, 891 
from sodium, xiotassium, rubidium 
and caesium, 884-886 
Lithium oxalate, as reagent, 2335 
Lithium sulfate, as reagent, 2335 
Lithopone, analysis of, 1862 
Logarithms, tables, 1779--1780 
Loss 

on heating, linseed oil, 1843 
on ignition 

aluminum hydrate, 28 
ores, 19 

barium ores, 136 
bauxite, 23 
blanc fixe, 136 
calcined alumina, 26 
cement, 1600 
.magnesia, 538 
magnesite, 536 
soda ash, 2262 

Low-freezing dynamite, analysis, 1669 
Lower oxides 

in nitric acid, 2212 
in oleum and mixed acids, 2234 
Lutecium, 245 
Lux, definition, 1174 

M 

Magenta test, for bromine, 188 
quantitative application, 193 
Magnesia, sec also Magnesium, estima- 
tion; Lime and Magnesia: 
analysis of, 538 
in glass, 2166 
in slags, 2023 

mixture, preparation, 695, 696 
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Magnesium 
detection, 528 

p-nitrobenzeneazoresorcinol test, 529 
titan yellow test, 529 
estimation, general 
gravimetric 

as magnesium pyrophosphate, 
532 

as the oxinate, 535 
volumetric 

ammonium magnesium phosphate 
method, 534 
oxinate method, 47, 535 
estimation, special procedures 
in alloys, 552 
in aluminum alloys, 
oxine method, 47 
pyrophosphate method, 45 
in aluminum ores, 22 
in alundum, 35 
in barium carbonate, 2172 
in barium ores, 134 
in bauxite, 25 
in cement, 1604, 1615 
acid alkali method, 1605 
oxine method, 1607 
in gypsum, 215 
in magnesia, 538 
in magnesite, 537 
in paint and pigments 
composite ^vhitc paint, 1868 
green pigments, 1876 
orange and yellow pigments, 
1875 

in sand, 806 
in soda ash, 2262 
in sodium nitrate, 645 
in sodium silicate, 805 
in water, 2062, 2096 
in wliiting, 1866 
in zinc-base allov, A. S. T. M., 
1395 

in zinc chloride, 1081 
occurrence, 528 

preparation and solution of the sample, 
530 

separation 

as magnesium oxinate, 531 
from the alkalies, 531 
from the alkaline earths, 121, 531 
from hydrogen sulfide groui> metals, 
531 

from iron, aluminum, manganese and 
zinc, 531 
solubility, 530 
Magnesium alloys, 539-552 
Magnesium ammonium phosphate 
method for magnesium, 532 
method for phospliorus, 695, 696 
properties, 534 

Magnesium chloride, in water, 2083 


Magnesium pyroarsenate, determination 
of As, 96 

Magnesium pyrophosphate, method for 
phosphorus, 695 
Magnesium iiranyl acetate, 

method for sodium, 879 
test for sodium, 875 
Manganese, 

detection, bead test, 555 
general procedure, 554 
in soils, minerals, plants, etc., 554 
estimation, general methods 
colorimetric 

periodate method, 573 
persulfate method, 572 
red lead method, 573 
gravimetric 
as the dioxide, 559 
bromate oxidation, 559 
as the pyrophosphate, 560 
volumetric 

bismutliate method, 562 
conditions for, 566 
iodometric method, 570 
persulfate, 572 
arsenite, 572 
ferrous sulfate, 571 
V o 1 h a r d ^ s permanganate 
method, 561 

estimation, special procedures 
in aluminum alloys, 48 
in alundum, 35 
in bismuth bronze, 1378 
in bronze, A, S. T. M., 1358 
in cast iron, 1433 
in cement, 1611 

in ferromanganese, 565, A. S. 
T. M., 1486 
typical data, 566 
in Grerman silver, 1374 
ill glass, 2166 
in magnesium alloys, 542 
in manganese bronze, A. S. 
T. M., 1358 

in metallic manganese, 565 
ill monel metal, 1380 
ill niehromc, 1407 
in nickel, 627 
in ores, 563 
final estimation, 565 
reagents, 563 
solution of ore, 564 
trial determination, 564 
typical analysis, 565 
in rubber, 1972 
in slag, 2023 
in steel, 490-492 
bismutliate method, 1431 
periodate method, 573, 1470 
persulfate method, 1434, 1471 
in stellite, 327, 1412 
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Manganese, estimation, 
ill water, 2063 
in zinc'base alloy, 1398 
in zinc chloride, 1081 
industrial importance of methods, 555 
occurrence, 554 

preparation and solution of the sam- 
ple, 555-557 

alloys, ferroaluminum, metallic 
chromium, ferrotitunium, 
manganese bronze, molyb- 
denum and tungsten alloys, 
silicon alloys, iron and steel, 
ores, sulfides, slags ; silico- 
mangancse; ferrochromc, fer- 
rotungsten, 
separations 

as manganese dioxide, 558 
from hydrogen sulfide group, alka- 
line 

earths and alkalies, 557 
from iron and aluminum, basic ace- 
tate method, 558 
from nickel and cobalt, 558 
solubility, metal and oxides, 555 
traces, 572, 573 

Manganese dioxide, precipitation, 559 
Manganous oxide, in aluminum ores, 22 
bauxite, 25 

Mannitol, in boric acid titration, 170 
Marsh gas, see Gases; see Methane 
Marsh test, for arsenic, 87, 109 
Masses, table, 1176 
Matte, copper, 352 
slag, 353 

Maumene test, oils, 1701, 1766 
Measuring apparatus, volumetric, 1219- 
1227 

pipette, automatic, 563 (Fig. 61) 
Meat, arsenic in, 107 
boron in, 166 

Melaven cell, electrolysis, 47 
Melting points, under the microscope, 
2453 

temperatures, elements, table, 1140 
Mercaptobcnzothiazole, in rubber, 2017 
Mercuric bromide and chloride paper, 79, 
103, 1197 

Mercuric chloride, test for tin, 954 
Mercuric cyanide, detection, 1947 
test for Pd, 710, 721 
Mereuric oxide method, separation of 
magnesia, 867 
test for HCN, 660 
Mercuric perchlorate, reagent, 2335 
Mereuric pyridine bichromate, 582 
Mercuric suldde, extraction of S from, 
577 (Fig. 62) 
precipitation, 577 
solubility in hydriodic acid, 577 
Mercuric thiocyanate test, for zinc, 1055 


Mercurous ion, titration with halide, 582 
Mercurous nitrate 

method for chromium, 287 
molybdenum, 590 
vanadium, 1036 
test for chromate, 282, 287 
ruthenium, 737 
Mercury, cleaning, 2422 
detection, 574 
estimation 

gravimetric, electrolytic method, 579 
micro, 2516, 2518 « 

Halloway-Eschka method, 578 
(Fig. 63) 

sulfide method, 577 
volumetric, Soamou’s process, 580 
thiocyanate method, 580 
other methods, 582 
estimation, special cases 

in cyanide precipitates, 584 
in C 3 "anide solutions, 583 
in organic matter, 581 
in rubber, 1989 
in zinc amalgam, 582 
occurrence, 574 
poisonous properties, 2423 
preparation and solution of the sam- 
ple, 575 
reductions by: 
antimonic acid, 78 
molybdenum, 596 
separation 

by distillation, 576 
from As, Sb, Kii, Pb, Ri, Cii, Cd, Se, 
Te, 576 

from metals of subsequent groups, 
576 

from organic substances, 576 
solubility, 575 
uses, 574 
volatility, 575 

Mercury fulminate, analysis, 1685 
Mercury test, for osmium, 749 
Metallic ions, qualitative analysis, 1111 
tables of reactions, 1114-1127 
Metal, see individual subjects, Alumi- 
num, Barium, etc.; see Alloys, Iron 
and Steel, Ferroalloys. 

Metallography, 2548 
brass, cold rolled, 2557 (Fig. 461) 
case hardening, 2567 
copper -zinc alloys, metallography of, 
2556 (Fig. 459), 2557 
equilibrium diagrams, 2653 (Fig- 
455), 2554 (Fig. 459), 2555 
equipment, 2551 (Fig. 452) 
etching, for micro examination, 25o.> 
reagents, for, 2552 
eutectic, 2.555 (Figs. 458, 459) 
heat treatment, of steel, 2566 
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Metallography, influenco of various ele- 
ments in iron and steel, 2568 
•irun-carbou alloys, 2558 (Figs. 462, 
463) 

photomicrographs (Figs. 464- 
471), 2560-2563 

iron, pure, photomicrograph, 2554 
microscope, directions, 2548 
Neumann lines, 2565 
photographic materials, 2550 
slip bands, 2564 
spetMmens, preparation, 2550 
Metaphosphoric acid, test for, 690 
Meters, see Gases. 

Methane, determination, 2356, 2357 
properties, 2348, 2375 
Methoxy groups in pulp, 1891 
niicrodotermination, 2527 
Methyl acetate, mixtures with methanol, 
2147 

Methyl alcohol (Methanol), detection and 
det’n, 2147 ff. 

Methyl borate, distillation, 166 
apparatus, 167 

Melliylene blue, method for phosphorus, 
707, 708 (Fig. 87) 

Methyl orange indicator, 2192 
red indicator, 2192 
Methyl violet, test paper, 1694 
Metric and other units, tables, 1169, 
1170 

Sficroaiialysis, quantitative, or 
Microehemieal analysis, 2460 ff. 

acetyl determination, 2523, 2526 
app., 2524 (Fig. 436) 
api)lications, references, 2545, 2546 
arsenic determination, 2503 
micro Gutzeit, 2504 

apparatus, 2505 (Fig. 

426), 2506 
reagents, 2505 
burettes, 2472 

carbonate, 2482, 2483 (Fig. 422) 
carbon-hydrogon determination, 2475 
absorption tubes, 2476, 2477 
(Figs. 415, 416) 
apparatus, 2475 (Fig. 414) 
notes, 2479 
procedure, 2478 
colorimetry, 2472 
copper, gravimetric, 2520 
in organic material 
Biazzo method, 2519 
carbanyite method, 2520 
drying, 2464, 2465 (Fig. 402), 2466 
(Fig. 404) 

furnaces and heaters, 2473 

automatic, 2474 (Fig. 413) 
gaa analysis, 2537 
acetylene, 2543 
ammonia, 2544 


Microchemical analysis, apparatus, 2537 
(Fig. 445), 2538, (Figs. 446, 
447), 2538 (Fig. 448), 2539 
(Fig. 449), 2540 ' 
beads, 2541 
carbon monoxide, 2543 
ethylene, 2543 
hydrocarbons, 2544 
hydrogen chloride, 2543 
nitrous oxide, 2545 
oxygen, 2541 
samples, 2541 
water vapor, 2543 
halogens 

Prcgl’s method, 2494 
volumetric method, Cl and Br, 2498 
I, 2497 

use of adsorption indicators, 
2499 

Iron, volumetric, 2522 
manipulations, 2469 
filtering, 2469, 2470 
immersion method, 2470 
Neubauer* crucible, 2469 
m ethoxy-ethoxy groups, 2527 (Fig. 
437) 

microbalance, 2461 (Fig. 400) 
mioroeleetroanalysis, 2510 

Clark and TTermance apparatus, 2511 
(Fig. 431), 2512 (Fig. 432) 
estimation of nickel, zinc, tin, 
2513 

traces of metals, 2514 
zinc, lead, copper, cad- 
mium, mercury, 2514- 
2516 

Pregl cell, 2516 (Fig. 434), 2517 
(Fig. 435) 
procedure, 2517 
estimation of 
mercury, 2518 
gold, 2518 
silver, 2518 
microlaboratory, 2461 
mineral analysis, 2545 
molecular weight, 2530 
rise of boiling-point, 2530 
Past method, 2533 
Victor Meyer method, 2534 

apparatus, 2535 (Fig. 443) 
calculations, 2536 
notes, 2536 

nickel, gravimetric, 2521 
nitrogen 

micro-Pumas method, 2485 

calculations, Niedcrl and Trautz, 
2488 

Pregl, 2487 

carbon dioxide generator, 2489 
liquids low in N, 2491 
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Microehemieal analysis, notes, 2488 
vapor pr. of KOH sol’na, 2491 
inievo-Kjelildahl method, 2492 (Fig. 
42o) 

organic radicles, 2546 
phosphorus, 2499 

colorimetric method, 2501 
physical methods, 2546 
polarographic method, 2546 
potentiometric methods, 2322 
sampling, 2464 

specific applications, elements and 
compounds, 2547 
standard solutions, 2472 
steel, 2545 
sulfur 

combustion method, 2507 
fusion method, 2507 
Meulen method, 2509 
Parr bomb method, 2508 
water, 2545 

weighing, example, 2464 
balance, 2461 

bottles, 2465 (Fig. 2467 (Fig. 

405) f . 

counterpoise, 2462 (Pig. 401) 
liquids, 2467 (Fig. 406) 

filling capillaries, 2468 (Fig. 407) 
notes, 2463 

Microscope, 2105 (Fig, 292), 2548 (Fig. 
451) 

lenses, choice of, 2549 
ocular micrometer, 2105 (Fig. 293) 
Microscopical examination, of water, 2099 
organisms, control of, 2111 
identification of, 2109 
illustrations of, 2107, 2108 
odors of, 2101, 2102 
sampling for, 2102 
Sedg\vick-I{after method, 2102 
Microscopy, chemical, 2434 ff. 

alloys, non-ferrous, analysis, 2445 
identity tests 

anions, 2445, 2446 
cations, 2443 

mixtures of substances, 243S 
physical properties, determination, 
2453 

melting points, 2453 
particle size, 2454 
qualitative analysis, 2440 
reagents, 2442 
methods of applying, 2441 
substances of unknown composi* 
tion, 2446 

quantitative analysis 

area, measure of, 2452 
counting methods, 2449, 2450 
criteria, 2447 
estimation, 2449 

single substances, identification, 2434 


Microscopy, crystalline substances, 2435 
optical properties, 2435 
refractive index, 2436 
techniques, 2439 
decantation, 2440 
distillation, 2440 
filtration, 2439 

Microcosmie salt, table of reactions, 1109 
test for silica, 795 
test for titanium, 876 
Milk, boron in, 165 

Milliequivalents, of inorganic compounds, 
1161^1164 

Minj gases, see gases 
Mineral acids, see Acids 
Mineral filler, in paper, 1909 
Mineral matter, in sulfur, 933 
Mineral residue, in w'ater, 2077 
Minerals, list of common, 1183-1184 
microanulysis, 2545 
test for gold, 432 
water in, 1340 

see under Occurrence under the domi- 
nating element, Vol. I 
Mint, method for silver, 827 
Mischmotall, 246 

Miscellaneous aualyaea, of various inio- 
ganic and organic substances, 2131- 
2187 

Mixed acid, analysis, 2233 
!Mixed fuels, heat of combustion, 1187 
Modified soda, see Soda ash 
Mohr’s alkalimeter, 238 
method for chloride, 272 
Moisture, see also Water, 

calculation, moist to dry basis, 1345 
determimnation, 1338 ff. 
in air, 2403 
in aluminum ores, 19 
in “arsenic,” commercial, 109 
in barytes, 1867 
' in bauxite, 23 
in blanc fixe, 136, 1837 
in brimstone, 933 
in coal, 1636 
in coke, 1636 

in explosives, see Explosives 
in gases, 2408 

in oils, see Oils, 'water and aediuu'iit 
in paints and pigmenta, 1869, 1H72, 
1873, 187:1, 1876, 1877 
in paper, 1889 
in ])ai)er |mlp, 1889 
in potash, 2169 
in rubber, 1969 
in soap, 2028 

in sodium ferrncyanidc, 666 
fluoride, 421 
nitrate, 644 
silicate, 805 
in starch, 2157 
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Moisture, in sulfur, 933, 940 
in trisodium phosphate, 704 
in zino pulp, 1056 

see also under special headings, as 
impurities in various substances, 
etc. 

Mold, for eones, 1647 
Molecular weights, determination, micro, 
2533, 2534 

of inorganic compounds, tables, 1161, 
1164 

Molybdate method, for lead 
gravimetric, 506 
volumetric, 511 
Molybdenite, 597 
Molybdoniiin, detectioa 

general procedure, 585 
tests with thiosulfate, sulfur dioxide, 
disodium phosphate, sulfuric acid, 
585, 586 

estimation, general procedures 

colorimetric, see estimation in steel 
gravimetric 

alphabenzoinoxime method, 591 
load molybdate method, 589 
mercurous nitrate precipitation, 
590 

molybdenum oxide method, 590 
niolybdcnum sulfide method, 592 
silver nitrate method, 590 
volumetric 

Ceric sulfate method, 596 

mercury reduction, 596 
iodomctric method, 593 
permanganate method, 594 
zinc reduction, 594 
estimation, special procedures 
in ferromolybdeiiuin, 1507 
in molybdenite, 597 
in molybdiO'Vanadic acid mixtures, 
596 

in ores wulfenite, molybdenite, 597 
ill steel 

colorimetric, 608, GOO ; 1464 

Elocdrometallurgicai Co. method, 
610-613 

gravimetric, 608 

alphabenzoinoxime separation, 
1461 

sulfide separation, 1462 
rapid methods, 1481 
in stellite, 328, 1411 
in tungsten ores, 1007 
industrial importance of methods, 586 
occurrence^ 585 
ores, copper in, 601, 603 
phosphorus in, 604 

preparation and solution of the sample, 
587 

ores, 587 

iron and steel, 587 


Molybdenum, separation 

ether extraction method, 589 
from altalies, alkaline earths (124), 
iron and zinc groups, bismuth, 
copper, cadmium, lead, arsenic, 
titanium, vanadium, tungsten, 
phosphoric acid, 588 
from iron, alphabenzoinoxime 
method, 587 

from tungsten; phosphoric acid, 588 
from tungsten, 593 
volatilization method, 1004 
solubilities, 586 
Monazite, decomposition, 247 
microanaljsls, 2545 
occurrence, 246 

Monel metal, analysis, A. S. T. M., 1378 
Morphine, detection, 1960 
test for titanium, 976 
Muriatic acid, analysis of, 2203 

N 

Narcotine, 1960* 

Naphthalene, in gas, 2396 

Naphthol yellow, test for potassium, 862 

^-Naphthylamine test, for osmium, 749 

Nareotine, 1960 

National Lead Co. Methods 

for antimony, in white metals, 83 
arsenic in, white metals, 112 
tin in white metals, 973 
illraenite, analysis, 495^99 
lead ores, 523 
see also non-ferrous alloys. 

Natural gas, see Gases 
Neodymiimi, 245 
Neon, 2348, properties, 2380 
Nephelometric method, for silver, 831, 
832 

Neasler method, ammonia, 639 
nitrogen in steel, 656 
water, 2077 
reagent, 1197 
test for ammonia, 630 
tubes, 292 (Eig. 38) 

Neumann lines, metallography, 2565 
Neutralization, see Acidimetry and alkali- 
metry ; Conductometric methods ; 
roteiitiomctric methods; Soda ash; 
Acids, Alkalies; Oils; Soap, etc. 
number, petroleum products, 1818 
New Jersey Zinc Co. (of Pa.) Standard 
methods for 
barium ores, 129 
barite, 129 
witherite, 129 
zinc, chapter, 1054 ff. 
Nichronie, analysis, A. S. T. M., 1405 
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Kickol, detection 

alphabeiiziltlioxinie, 615 
diuietliylglyoxime, 614 
general procedure, 614 
hydrogen sulfide test, 614 
estimation, general procedures 
gravimetric 

alphabeiizildioxinie, method, 
617 

dimethylgly oxime method, 619 
micro, 2521 
electrolysis, 620 
micro, 2521 
volumetric 

method of Parr and Lindgren, 
622 

potassium cyanide method, 
622 

estimation, special procedures 

in aluminum and its alloys, 43 
in “arsenic,^’ 110 
in bismuth bronze, 1377 
in bronze, A. S. T. M., 1365 
in cobalt and cobalt oxide, 621 
in copper, 385 
in German silver, 1374 
in iron and steel, 495, 1450 
cyanide method, 624, 1452 
in magnesium alloys, 548, 549 
in metallic lead (pig), 1419 
in metallic nickel, 621, 627 
in monel metal, 1378 
in nichromc, 1405 
in plating solutions, 621 
in silver solder, 1405 
in tin-base metal, 1390 
impurities, metallic nickel, Interna- 
tional Nickel Co. methods, C, Si, S, 
Cu, Mn, Fc, AI, Co, 624-62S 
industrial application of methods, 615 
occurrence, 614 

preparation and solution of the sample, 
general procedure, 615 
metal and alloys, 616 
separation 

from alkalies, alkaline earths, hy- 
drogen sulfide group, 616 
from aluminum, 617 
aluminum, chromium, cobalt, iron, 
manganese, zinc, 616 
chromium, iron, 617 
in the analysis of nickel, 626, 627 
solubilities, 615, 625 
Nickel plating solution, nickel, in, 621 
Nickel uranyl acetate test, for sodium, 
875 

Nicotine, 1955 

Niobium, ace Columbium 

Niter slag, selenium and tellurium in, 790 

Niton, 2379. Bee Radon 


Nitrate, of soda, analysis of (moisture, 
insolubility, sodium sulfate, iron and 
aluminum oxides, lime magnesia, so- 
dium chloride, carbon dioxide), 644, 
645 

standard solution of, 641 
Nitrates, ferrous sulfate method for, 644 
2216 

iodide method, 647 

apparatus, Gooch and Gruener, 
648 (Fig. 71) 

Nitrates in 
alcohol, 2141 
black powder, 1661 
explosives, 1666, 1677 
hydrochloric acid, 2204 
nitrites, 655 
water, 2076 

Nitrato pentammino cobaltic reagent, for 
phosphate, 696 
Nitric acid, 

arsenic in, 106 
complete analysis, 2211 
converaion efficiency, ammonia to, 
659 

determination 

by the Devarda method, 640-644 
ferrous sulfate method, 644, 2214, 
2216 


free, 653 

nitron method, 635 
in arsenic acid, FcBO^, method, 2218 
in hydrochloric acid, 2204 
in mixed acid, 2217 
in oleum 

ferrous sulfate method, 2235 
nitrometer method, 652 
in phosphoric acid, 2218 
in sulfuric acid, 2216, 2232 
specific gravity, tables, 1145, 1146, 
1147, 1148, 2220-24 
standard solution, ferrous sulfate 
method, 1207 
see also Acids; Reagents 
Nitric oxide, 2348 

determination, 2400 
properties, 2373 
Nitrite (see also Nitrous add) 
detection, 631 
cstimjitioTi, gonerat 

gravimetric, Busvold’s method, 653 
volumetric 

eerie sulfate method, 655 
permanganate method, 653, 2219 
nitrate in, 655 
teat for phenol, 1950 
see Water 

Nitrobenzene, in oils, 1805 
p-Nitrobenzeneazorcsordnol, reagent for 


■, 529 







SUBJECT INDEX 


65 


Nitrochlorhydrin, 1672 
Nitrogen, 
detection 

combined as ammonia, Nesalcr’a test 
630 ’ 

ammonium salts, 630 
nitric acid, copper test, 631 
diphenylamine test, 631 
ferrous sulfate test, 630 
plienolsulfonic acid test, 631 
nitrous acid, acetic acid test, 631 
- permanganate test, 631 
organic nitrogen, 630 
free, in gases, 630 
estimation, all forms, 629 

combined, and free, volumetric, esti- 
mation, 636, 637 

combined, as ammonia, gravimetric 
method, 636 
as nitrate 

colorimetric estimation, 640 
Devardu method, 634 
app, 642 (Fig. 67) 
reagents, 641 
iodometric method, 647 

Goocli-Gruencr apparatus, 
648 (Fig. 73) 
water, nitrate in, 2052 
as nitric acid, gravimetric method, 
635 

volumetric 

Devarda method, 640-644 
Ferrous sulfate method, €44 
See Aeidimetry-alkulimetry 
as nitrite or nitrate, 

nitrometer method, 649 

DuPont nitrometer, 650, 
651 (Figs. 72, 73) 
in oleum, 652 
as organic nitrogen, 

Dumas method, 634 
micro, 2485 
semimicro, 635 
Kjeldahl method, 632 
micro, 2492 
Meulen, method, 635 
estimation, special procedures 
in ammonium salts, 634 
in coal, 1652 
in cyanamide, 663 
in mixed acid, 634 
in nitrates, 634 
in nitrites, 634 
in nitrocellulose, 1690 
in Organic matter, 

nitrates absent, 632 

apparatus, 633 (Fig- 
66 ) 

catalysts, 633 
nitrates present, 633 
in paint pigments, 1873, 1876 


Nitrogen, estimation, 

in paper, 1905 
in potassium nitrate, 2419 
in rubber, 1982 

in soil extracts, 646, apparatus 
(Fig. 69) 

available nitrates, 634 
in steel, 656 

free, See also Gas analysis 
in air, 629 

in illuminating gas, 2358 
properties, 2348 
importance of methods, 631 
occurrence, 629 
preparation of the sample, 
acid, and mixed acids, 634 
ammonium salts and mixtures, 634 
organic substances, 632 
soils, 634 
separations, 
ammonia, 635 

nitric acid, isolation of, 635 

removal of impurities, 635 
solubilities, 632 
Nitrogen dioxide, 2361, 2400 
Nitrogen tetroxide, 2346 
Nitroglycerin, determination, 1665 
dynamite, analysis of, 1662 
Nitroglycol, 1673 
Nitrometer, 651 (Fig. 72) 

DuPont, 651 

gas analysis, 2418 (Fig. 388) 
micro, 2485 (Fig. 423); 2486 
Standardizing, 650 

Nitron acetate, method for rhenium, 771 
Nitron method, for nitric acid, 635, 639 
reagent, 1216 

Nitropolyglycerin, in explosives, 1672 
Nitrosite method, for rubber, 1975 
Nitroso-bctanaphtliol, detection of cobalt, 
306 

precipitation of cobalt, 314 
reagent, 1216 

separation, cobalt from nickel, 311 
Nitrostareh, in explosives, 1678 
test for, 1675 

Nitrosugars in explosives, 1678 
Nitrotoluenes, in dynamite, 1670 
Nitrous acid, and lower oxides, in nitric 
acid, 2212 

in oleum and mixed acids, 2234 
decomposition of iodides with, 454 
permanganate method for, 653, 221f 
removal from nitric acid, 635 
Nitrous anhydride, 2346 
Nitrous oxide, in gas, 2348, 2400 
properties, 2378 

Normal solutions. See Reagents 
Northwest Magnesite Co., Methods, 535 
Norton Company, standard methods for 
alundum, 32--37 
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Norton Company, boron carbide, 181-184 
magnesia, 538 
silicon carbide, 813-816 

O 

Occurrences, see Element in question 
Odor, organisms in water, 2100 
test of water, 2048 
Ohm, definition, 1175 
Oil, in coke-oven gas, 2154 
in cyanamid, 663 
in explosives, 1665 
in grease, 1828 
in inks, 2174 
in pigments, 1877 
in sulfur, crude, 939 
in water, 2078 
Oils, Fats, Waxes, 1701 £f. 
examination of 

animal and vegetable oils, 1764 
general test, 1764 
special tests 

acetyl value, 1775 
antifluorcscents, 1776 
bromine number, 1770 
eliadiri test, 1701, 1765 
iodine number, 1767 
Hanus^ method, 1767 
Hublls method, 1768 
Maumene test, 1701, 1766 
refractive index, 1764 
re f raet ometer , 1765 
(Fig. 256) 

saponification value, 1771 
table, 1773 
specific gravity, 1764 
unsaponifiable oils, detec- 
tion, 1773 
identification, 1774 
Valent a test, 1765 
drying, semi-flrying, non-drying oils 
special tests for certain oils 
cottonseed oil, Bee hi test, 1777 
Halphcn test, 1778 
drying on glass, 1784 
free acid in, 1782 
linked oil, analysis, 1843 
hexabromide test, 1779 
peanut oil, Bellier's test, 1780 
Renard’s test, 1780 
rapesced oil, Bach’s test, 1781 
Tosin oil, Lieberman-Storeh test, 
1781 

sesame oil, Baudoin, or Camoin 
test, 1781 

spontaneous combustion test, 1782 
Mackey’s apparatus, 1782 
(Fig. 257) 
titer test, 1783 
Villavpccbia test, 1782 


Oils, fata edible 

butter, 1785 
fat, 1786 

preservatives, 1786 ' 
lard, 1787 

fatty acids, from oils, 1787 
floor oils, nitrobenzene in, 1805 
hardened oils, 1787 

miscellaneous oils and lubricants, 1788 
paint oils, see under Paints 

Chinese wood oil, tung oil, sec 
Paints « 

petroleum products (principally A. 

T. M. methods) 
burning oils, 1702, 1816 

acidity, detection, 1716 
color, 1717 

distillation, A. S. T. M., 
1705-1713 

app., 1706 (Fig. 240); 
1707 (Fig. 241) 
fire test, 1703 
flash test, 1702 

apparatus, 1703 (Fig- 
238) 

mineral salts in, 1717 
specific gravity, 1704 (Fig. 
239); 1816 

sulfuric aci<l test, 1717 
sulfur, 1712 

lamp method, A. ft. T, if., 
1713, 1714 (Fig. 242) 
water in, 1717 

Bean and Stark metho<l, 
1340 

crank case oil, dilution test, A. ft. 
T. M., 1820 

apparatus, 1821 (Fig. 263) 
crude jietroleum 

distillation test, A. 8. T. M, 
1807 

physical testa, 1807 

app., 1808 (Fig. 2.">9); 
1809 (Fig. 260); 18l!) 
(Fig. 201) 

fuel oils 

calorific power, 1764; A. 8- 
T. M., 1834 

flash point, A. R. T. M., 1711 
Penaky Martens tester. 
1745, 1746 (Figs. 25''. 
2.51) 

Tag tester, A. R. T. M., 
1752, 17.53 (Fig. 252) 
sediment, 1761 (l^g. 254) 
Bulfiir, A. 8. T. M., 1750 
water and sediment, ccnf''i' 
fugp method, A. ft- 
T. M., 1761 

tubes for, 1763 (l^g- 

255 ) 
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Oils, grease, analysis, A. S. T. M. meth- 
ods, 1823 
alkali, aeid, 1828 
ash, 1824 

chart of analysis, 1826 (Fig. 
264) 

fat, 1828 
fillers, etc,, 1825 
glycerin, 1827 
gypsum, 1825 
insoluble carbonates, 1829 
petroleum oil, 1828 
soap, 1825 
water, 1829 
waxes, 1830 
heavy oils, 1833 
liquid fuels 

calorimeter for, 1802 
gasoline, 1742 

Bur. Mines test, 1813 
corrosion test, 1742 
doctor test, 1742 
gum content, 1814, 1815 
(Fig. 262) 

specific gravity, 1812 
sulfur, A. S. t. M., 1743 
tetraethyl lead in, 1804 
lubricating oils, 1717, 1817 

carbon residue, A. S. T. M. 

test, 1737, 1738 (Fig. 249) 
caoutchouc, test for, 1736 
cloud and pour points, A. S. 
T. M., 1727 
app., 1729 (Fig. 246) 
demulsibility, 1740 
evaporation, 1726 
fatty oils, 1736 
fire tost, A. S. T. M., 1732 
flash test, A. S. T. M., 1732, 
1733 (Fig. 247); 1734 

(Fig. 248) 
friction test, 1741 
gasoline test, 1*739 
gumming test, 1737 
heat test, 1740 
microscopical test, 1740 
neutralization number, A. S. 

T. M., 1818 
soap, detection, 1736 
specific gravity, 1726 
viscosity 

conversion chart, 1798 
table, 1799 

Engler NTscosimeter, 1718 
(Fig. 243) ^ 

Saybolt viscosimeter, A. o* 

T. M., 1719 
oil tubes, 1720 
MacMichael *s viscosimeter, 
1724 

table, constants, 1725 


Oils, reagents, 1799 
road oils, 1837 
shale oils, 1838 
tables 

fatty acids, characteristics and 
constants, 1794 
mineral oils, properties, 1788 
vegetable and animal oils, 1795- 
1796 

viscosity conversion tables, 1799 
waxes, 1797 

turpentine, see also Paints, 1850 
U. S. Gov't Specifications 
fuel oils, greases, 1791 
gasoline, burning oils, 1790 
lubricating oils, 1792, 1793 
waxes, 1788 

paraffin, melt, point, A. S. 

T. M., 1830, 1831 (Fig. 264) 
table of, 1797 

Oleum, acidity, lower oxides, etc. in, 2234 
analysis of, 2233 

nitric acid in, ferrous sulfate method, 
2217 

nitrometer method, 652 
table of equivalents, 2243 

Opium, 1961 

Optical properties, microscopy, 2435 

Orange pigments, see pigments 

Ores, See under Preparation and solu- 
tion of the sample under individual 
elements. 

Organic acids, see individual acids, 
Acetic aeid, Formic acid, etc. 

Organic matter 
decomposition 

by persulfate, 576 
for determination of 
alkalies, 864 
antimony, 67 
arsenic, 89, 91 
barium, 119 
boron, 165, 166 
bromide, 189 
mercury, 576 
nitrogen, 630 
phosphorus, 693 

determination, arsenic in, 107, 115 
carbon and hydrogen in, 222, 224 
chlorine and halogens in 
Carius method, 265 
lime method, 266 
sodium-alcohol method, 266 
sodium-liquid ammonia meth- 
od, 266 

sodium peroxide method, 267 
fluorine, 402 
mercury, 581 
iiitTOgen, 632, 634, 684 
oxygen, 682 
see also Microanalysis 
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Organic matter 
in sulfur, 933 

in water, see Water, oxygen consumed 
Organic reagents, for inorganic ions, 
1212 

Organisms, in water 
classification, 2100 
control of, 2111 
chemicals required, 2113, 2114 
identification of, 2106, 2109 
Orifice meter, 2342 

Orsat apparatus, 2349 (Fig. 364), See 
Gas analysis 
Ortho-, nitro see iiitro 

•compounds, see under name of com- 
pound. 

Osmium, 

detection, 748, 749 
estimation, 749, 750 
occurrence, 748 

preparation and solution of sample, 
749 

properties, 748 

separation, by distillation, 750 
tetroxide, solution, 1204 
Osmiridium, solution of, 731 
Ovens, for drying, 1316, 1317 (Figs. 163, 
164, 165, 166), coal and coke, 1629 
(Fig. 227) ; 1636 (Fig. 230) 
vacuum, 1317 (Fig. 167) 
volatile matter, 1528 (Fig. 196) 

Oxalic acid, determination, 2253 
method for persulfates, 922 
Oxidation methods. See under Estima- 
tion, volumetric under the element or 
compound in question; see also indi- 
vidual oxidizing agents, as Iodine, 
Permanganate, Ceric sulfate, etc. 
Oxidation test, for methyl alcohol, 2148 
Oxide method for: 
aluminum, 8, 10 
antimony, 72 
beryllium, 139 
bismuth, 154 
chromium, 286 
columbium, 347 
iron, 467 
lead, 507 
manganese, 559 
molybdenum, 590 
strontium, 902 
tantalum, 347 
thorium, 953 
tin, 959 
titanium, 981 
tungsten, 1002 
uranium, 1022 
vanadium, 1035 
zinc, 1058 
zirconium, 1099 
Oxidized oils, see Oils 


Oxine (8-Hydroxyquinoline) method for: 
aluminum, 12 
in alloys, 47 

acid titration, 48 
beryllium, 141 

separation from Al, 139 
magnesium, 535 
separation of Mg, 531 
separation, alkalies from Mg, 866 
separation. Mo from Re, 771 

Oxyaiithraquiuone, see Hydroxyaiithra- 
quiiione 

Oxygen, See also Gases, 
detection, 669 
estimation 
combined 

available in higher oxides, 675 

apparatus, 675 (Fig. 77) 
in bitumin. substs., 1554 
in copper, 389 
in organic compounds, 682 
in steel, 684 (Fig. 82) 
free, in gases, 685, 2350, 2352, 2400 
copper method, 670-674, 2369 
rocking pipette, 671 (Fig. 76) ; 
672 (Fig. 76a) 

^ explosion with hydrogen, 687, 
(Fig. 85) ; 688 

phosplioriis nietliod, 685, 2.355 
pyrogallate method, 686 (Fig. 84) 
free, in solutioji 

evanide solution, 676; 678 (Fig. 

' 79) ; 680 (Figs. 80, 81) 
saturation curve, 677 (Fig. 78) 
water, 2079, 2369 
occurrence, 669 
properties, 669, 2348, 2367 
traces of, in gases 

apparatus, 688 (Fig. 86) 
colorimetric estimation, 687 

Oxygen consumed, organic matter in 
water, 2053 

Oxygen cylinders, 2368 

Ozone, properties, 2348, 2369 
in air, 2405 

P 

Paints and Paint vehicles, analysis of, 
1839 ff. 

pigments, cla.s3ific,atioii, 1854 

black pigments, analysis of, 1876 
blue pigments, analysis of, 1872 
Prussian bine, ChiHese blue, 
Antwerp blue, 1873 
sublimed bine lead, 1858, 1874 
ultramarine blue, 1872 
green pigments, 1875 
red and brown pigments, 1869 
iron oxides, 1872 
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Paints and Paint veliicles, red lead and 
orange mineral, 1869 
Vermillion, 1871 
yellow and orange pigments, 

chrome yellow, American Ver- 
million, 1874 

basic lead chromate, 1874 
white pigments, 1856 

antimony oxide, 18G4 
basic carbonate of lead, 1859 
basic lead sulfate, 1856 
calc, of comp., 1857 
barytes and blanc fixe, 1867 
composite white paint, 1868 
gypsum, 1866 
lithoponc, 1862 

silica, silcx, China clay, asbes- 
tine, 1866 

titanium pigments, 1863 
titanox, 986 

whiting, Paris white, 1866 
white lead, 1859 
zinc lead and leaded zinc, 1861 
zinc oxide, 1862 
zirconium pigments, 1862 
results of analysis, 1839 
vehicles, 

composition of, 1840 
oils, detection of, 1842 

determination and analysis, 1842 
linseed oil 

acid number, 1844 
ash, 1845 
driers, 1845 
drying time, 1846 
foots, gen. test, 184.3 
iodine number, 1845 
loss on heating, 1843 
reagents, 1846 
saponification number, 1844 
specific gravity, 1844 
unsap onifiable matter, J.844 
tung oil, (Chinese wood oil) 
gelatin test, 1847 
heat test 

Browne, 1847, 1848 (3B'ig. 

265) 

Woratall, 1849 
resinates, 1842 

separ.ntion of components, 1840 
thinners, detect, of, 1842 
turpentine, examination of, 1850 
volatiles, 1841 
water, 1841 
Palladium; 

detection, 721, 722 
estimation, general 

gravimetric, aa metal, 723 

dim ethylgly oxime method, 724 
micro, 2547 

mercuric cyanide method, 724 


Palladium, 

estimation, special methods 
in gold bar, 725 
in refined gold, 727 
in silver, 726 
in slimes (copper), 726 
occurrence, 721 

preparation and solution of the sam- 
ple, 722 
properties, 721 

separation from Pt, Ir, Ag, Au, etc., 
723, 857 
solubilities, 721 

Palladous chloride, reagent, 1197 
iodide, method for iodine, 452 
sep. from Br and Cl, 451 
Paper and Paper -making Materials. 
Methods of the Technical Associa- 
tion of the Pulp and Paper Indus- 
tries (TAPPT), 1878-1942 
bisulfite liquor, analysis of, 1929 
gravimetric methods, 1930 
casein, moisture, fat, ash, 1931 
cellulose 

chlorination method, 1878 ; 1879 

(Pig. 266) 

paper, acidity, total, 1910 
alpha cellulose, 1911 
arsenic, 1919, 1920 (Pig. 273) 
ash, 1905 
coating, 1902 
conditioning, 1900 
copper number, 1913 
iron, acid-soluble, 1915 
mineral fillers, 1909 
moisture, 1904 

nitrogen, (proteinaceous), 1905 
paraffin, 1901 
resin, 1903 
sampling, 1899 
starch, 1906, 1907 
sulfur, active, 1901 
titanium pigments, 1925 (Pig. 274) 
zinc pigments, 1922 
paper extracts, pH of, 1916 (Pig. 272) 
pulp 

alpha cellulose, 1881 
ash, 1896 

chlorine consumption of, 1880 
euprammonum disperse viscosity, 
1884 

apparatus, 1885 (Fig. 267, 
268) ; 1886 (Pig. 269) 
methoxy groups, 1891 

apparatus, 1892 (Fig. 271) 
moisture, 1889 

apparatus (Fig. 270) 
test for, 1893 
pitch, 1883 
sampling, 1893 

solubility in 1% NaOH, 1897 
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Paper and Paper-making Materiala, 
■weighing, 1893 * 

rosin, 1940 
acid number, 1941 
ash, 1942 
color grade, 1940 
ester number, 1941 
insol., in toluene, 1942 
sampling, 1940 
saponification, number, 1941 
un saponifiable, matter, 1941 
salt cake, complete analysis, 1935 

(moisture, insol., acidity, chloride, 
ferrous iron, ferric iron, alumi- 
num, lime, magnesia, chromium 
trioxide, total soda, sulfur tri- 
oxide) 

starch and starch products, 2156-2158 
Paraffin, in paper, 1901 
solid, in bituminous substances, 1555 
refractive index, 1556 
solution, 1197 

wax, melting-point determination, 1830 
Para-aminodimethyl aniline, test for 
halogens, 281 
Paris white, analysis, 1866 
Particle size, microscopic determination, 
2454 

Parting, see Pire assay 
Peanut oil, teats for, 1780 
Perborate, in soap, 2036 
method for cobalt, 318 
Perea rbonate, determination, 243 
Percentage, calc, moist and dry basis, 
1345 

Perchlorate, 
detection, 262 
determination, 275 
in explosives, 1677 
in presence of chlorate and chloride, 
276 

method for potassium, 871 
detection, 862 

separation of K, Rb, Ca from Na and 
Li, 885 

Perchloric acid method 

fluorine determination (distilla- 
tion), 407 
fluorspar, 403 
silica, 802 

Periodate, determination, 458 
in presence of iodate, 458 
method for manganese, 573 
in steel, 1470 

Permanent standards, see Colorimetric 
methods; pH Determination; Water, 
analysis. 

Permanganate, aee also Potassium per- 
manganate 
method for; 
antimony, 70 


Perman^nate, arsenic, 1210 
barium, 128 
bismuth, 157 
calcium, 211 
chromium, 288 
copper, 375 
ferricyanide, 663 
ferrocyanide, 663 
fluorine, 413 
formic, 2246 
gold, 437 

hydroxylaniine, 647 
iodide (oxidized to ICl), 455 
iron, 474 
lead, 509 

load peroxide, 525 
mercurous salts, 582 
molybdenum, 594 
nitrite, 653 
nitrogen dioxide, 2361 
nitrous oxides, 653 
oxalic acid, 2253 
oxygen (available), 675 
percarbonate, 243 
peroxide, 2181 
phosphorus, 699 
standard solution, 475 
standardization, 1209 
tannic acid, 2158 
uranium, 1027 
vanadium, 1037 

water, oxygen consumption, 2053 
test of acetone, 2136 
Permissible explosives, analysis of, 1673 
Cjualitativo tests, 1674 
Peroxide, available oxygen in, 675 
cleterinination, 2180 
method for chromium, 2180 
formaldehyde, 2149 
lead, 507 
titanium, 987 
Persulfate, determination 
alkali method, 922 
ferrous sulfate method, 922 
oxalic acid method, 922 
method for cerium, 253 
manganese, 572 
see Iron and steel, 490 
vanadium, 1048 

Petroleum products, see under Oils, Pats, 
Waxes 

pH. See also Hydrogen-ion concentra- 
tion. 

buffering, 2278 
colorimetric method 
comparators for 
block, 2283 
Hellige, 2295 

La Motte, roulette form, 2294 
Taylor, slide comparators, 2291, 
2292, 2293 
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pH, colorimetric method 
determination 
effect of proteins on, 2287 
salts on, 2285 
temperature on, 2288 
in solutions for bacterial ex- 
amination, 2119 
electrometric method, 2297 
electrodes for 
antimony, 2302 
glass, 2303 
hydrogen, 2300 
quinhydrone, 2301 
of paper extracts, 1916 
working formulae, 2303, 2304 
hydrogen-ion concentration, relation to 
pH, 2277 

indicators for, 2281 
meaning of, 2274 

o-Phenanthroline- Ferro us sulfate indica- 
tor, 474, 1207 

p-Phenetidine indicator, 474 
Phenol, detection, 1949 
determination, 2253 

Phenol phthalein indicator, preparation, 
32, 176 

Phenol red, method for bromine, 193 
Phenolsulfonie acid, method for nitrates 
(in water), 631 

Phenyl arsonic acid, method for thorium, 
952 

zirconium, 1102 
reagent, 1216 

Phenyl hydrazine, test for gold, 433 
Phcnylthiohydantoic acid, method for co- 
balt, 311 
reagent, 1216 
test for cobalt, 306 

Phenyltrimetliylammonium iodide, Cd re- 
agent, 1217 

Phoroglueid method, for furfural, 2249 
Phosphate 
arsenic in, 106 

determination, in blanc fixe, 126 
in mixtures, 2225 
in soap, 2036 
in ■water, 2061, 2090 
effect on alkaline earth determinations, 
119 

methods, see ammonium, magnesium 
phosphate, etc. 
see Pyrophosphate 
trisodium, analysis of, 703-705 
typical analyses, phosphate ores, table, 
691 . 

Phosphine, 2347, 2366 
test for Pd, 722 

Phosphomolybdate method, for phos- 
phorus, 694 

separation, Kb and Cs from K, 894 
test for molybdate, 586 


Phosphoric acid, and its salts, analysis, 
2224. S$B Phosphorus, estimation, 
comparison, ortho, meta and pyro 
acids, 690 
detection, 690 

effect on aluminum dctemhiation, 7 
separations, alkaline earths, 124 
impurities in, arsenic, 106 
nitric acid, 2218 

specific gravity, Tables, 1149, 2227 
Phosphoric acid-ammonium chloride 
method, copper compounds, 395 
Phosphorous acid, detection, 689 
precipitation of Se and Te, 776 
Phosphorus 

comparison of acids, 690 
detection, 689, 690 (in various states 
of oxidation and combination) 
estimation, general (see also phos- 
phate ; phosphorus pentoxide) 
gra'dmetric, 

ammonium magnesium phos- 
phate method, 696 
phosphomolybdate method, 694 
micro, 2499 

pyrophosphate method, 695 
other methods, 696 
volumetric 

alkali titration (phosphomolyb- 
date), 697 
micro, 2501 

methylene blue method, 707, 708 
(Fig. 87) 

permanganate method, 699 
estimation, special procedures 
in alloy steel, 701 
in bronze, A. S. T. M., 1363, 
1366, 1368 
in cast iron, 702 
in cement, 1609 
in coal ash, 1644 
in copper alloys, 698 
in ferromanganese, 1488 
in fcrromolybdenum, 1509 
in ferro titanium, 703 
in ferrotungsten, 1012, 1500 
in ferro vanadium, 1495 
in iron, 492, 494 
in molybdenite, 604 
in steel, 697, 699, 700, 1435, 
1438 

in tungsten metal, 1012 
in vanadium steels, 703 
in wulfenite, 604 
with vanadium present, zircon- 
ium method, 706 
importance of methods, 690, 691 
occurrence, 689 
preliminary remarks, 691 
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]’hosphorus 

preparation and soluMon of sample, 
692-694 (ores, alloys, minerals, iron 
and steel soluble phosphates, baking 
powder) 

separation, as ammonium, phosphomlyb- 
date, 694 

traces, see Volumetrie estimation 
see Microanalysis, 2499 ff. 
in poisoning cases, 1945 
Phosphorus method, oxygen in gases, 685 
reduction of osmium, 749 
Phosphorus pentoxide (see also Moisture, 
determination; Water, determina- 
tion) 

in aluminum ores, 22 
in alundum, 35 
in bauxite, 25 

Phosphotungstate test, for potassium, 
862 

Phosphuretted hydrogen, see Phosphine 
Photographic developer, spectrochemical 
analysis, 1091 

materials, for metallography, 2550 
Photometry, definitions, 1174 
physiological effects, of gases, see Gases 
Phytostcrol, in oils, 1775, 1776 
Picnometer, see Pycnometer 
picric acid, examination of, 1682 
test for potassium, 862 
Picrolonic acid, reagent, 1217 
Pig iron, sampling, 1424 
see Iron 

Pig lead, analysis, 1413 ff. 

Pigments, in inks, 2175 
in rubber, 2019 
of paint, see Paint 
with tatanic oxide, 998 
Pipettes. See also Gases 

automatic, for liquids, 563 (Pig. 60) 
dividing, for liquids, 365 (Fig. 43) 
for oxygen, special rocking type, 671, 
672 (Figs. 76, 76a) 
standard, calibration, 1224 
Pitch. See Bituminous Substances 
in pulp, 1883 

Pitot tube, 2340 (Fig. 3.56) 

Plants, iodine in, 460 
Plaster of Paris, 1866 
Platinum, attack by fluxes, 284 
detection, 712, 713 
estimation, gravimetric 
as metal, 717-719 
as ammonium salt, 719 
electrolytic method, 719 
micro, 2547 

preparation and solution of the sample, 
714 

scrap, 714 

small amounts, in presence of 
Fe, MgO, etc., 715 


Platinum, properties, 712 
separation, from 
gold, 715, 728 
iridium, 716 
osmium, 716 
palladium, 716 
rhodium, 716 
ruthenium, 716, 728 
solubility, 712, 714 
Platinum group, 710 

estimation in gold alloys, 7.54 
rarer membera (Ir, Ru, Eh,. Os) 
730 ff. 

separation, 710 
solution, ores, etc., 710 
Table, of reactions, 753 
Tabular outline, quantitative separa- 
tions, 729 

Platinum, Palladium 
fire assay, 857 
in copper anode slimes, 726 
in gold, refined, 727 
in silver, refined, 726 
Poisons, classification, 1944 
detection, 1943 
estimation, 1943 
general procedure, 1944 
individual poisons, detection, etc. 
acetanilide, 1953 
atropine, 1958 
brucine, 1957 
caffeine, 1959 
carbolic acid, 1949, 1950 
carbon monoxide, in air, 1963 
in blood, 1964 
chloral hydrate, 1951 
chloroform, 1948 
cocaine, 1958 
codeine, 1958, 19.59 
ethyl alcohol, 1948, 1949 
hydrocyanic acid, 1945 
estimation, 1947 
in presence of Prussian blue, 
1947 

metallic poisons, 1962 
arsenic, 1963 
mercury, 242,3 

methyl alcohol (methanol; wood 
alcohol), 1949 
morphine, 1960 
narcotine, 1960 
nicotine, 195.5 
opium, 1961 

pnosphorhs (yellow), 1945 
ptomaines, 1962 t 

quinine, 1956 
strychnine, 19.56 
thallium, in rat poison, 945 
veronal, 195S 
reagents, 1964 
Plumbago, sec Graphite 
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Polarized electrodes, 2320 
Polarograph, ref., 2546 
Polymerization, turpentine analysis, 1851 
Polysulfide, in sodium sulfide, 2183 
Portland cement, see Cement 
Potash, analysis of, 2169 
Potassium (See also Alkalies, estimation) 
detection, spectrum, etc., 861, 862 
estimation, general methods 

gravimetric, ehloroplatiiiate 
method, 869 
modified, 870 

Lindo-Gladding method, 871 
other methods, 874 
perchlorate method, 871 
weighing as the chloride or 
sulfate, 869 

estimation, special procedures 
in alundum, 36 
short method for silicates, 872 
oeeurrenee, 861 

preparation of the sample, 863, 864 
separations, from 

from aluminum, chromium, iron, 
alkaline earths, phosphoric and 
sulfuric acids, 866 
ammonium salts, 868 
barium, calcium, strontium, 865 
boric acid, 867 
heavy metals, 864 
magnesium 

ammonium phosphate method, 
867 

barium hydroxide method, 867 
8-hydroxyquinoline method, 866 
mercuric oxide method, 867 
rubidium and caesium, 868 
sodium, large amount, 868 
sodium and lithium, 868 
sulfates, 865 

uranium, phosphoric acid, 866 
Potassium acid phthalate, 2197 
Potassium acid sulfate (bisiilfate)* see 
Fusion. Action on Pd, 722 
Potassium bromate, 0.1 N, 1207 
method for antimony, 74 
Potassium carbonate and hydroxide, 2253, 
2266 

Potassium carbonate, analysis of, 2169 
fusion with, see Fusion; Decomposi- 
tion of Sample. 

Potassium chloride, primary standard, 
1202 

test for iridium, 730 
phitinum, 712 

Potassium chromate, test for lead, 500 
Potassium cyanide, method for 
cobalt, 319 
copper, 373 
nickel, 622 

test for Se and Tc, 777 


Potassium dichromatc, method for ba- 
rium, 128 
iron, 471 

solution, 0.1 N, 471 
standardization, 1208 
Potassium ethyl xanthate, method for 
copper, 376 

Potassium ferricyanide, test for ferrous 
. iron, 463, 1197 
ferrocyanide, reagent, 1202 
test for ferric iron, 463 
nraninm, 1017 
zinc determination, 1054 
fluoride, alumina in aluminum salts, 16 
reagent for, 16, 1197 
Potassium hydroxide, analysis of, 2257 
test for iron, 463 
osmium, 748 
rhodium, 742 
ruthenium, 737 
Potassium iodate 

method for arsenic, 99 
copper, 372, 374, 375 
iodide, 455 
mercury, 582 
standard solution, 1209 
Potassium iodide 

method for antimony, 75 
barium, 128 
bismuth, 159 
chromium, 288 
copper, 368 
gold, 437 
iron, 482 
lead, 512 
mercury, 580 
selenium, 784 

reduction of ferric salts, 474 
Potassium iodide-starch teat 
for iodine, 448 
for nitrocellulose, 1692, 1694 
test for palladium, 721 
platinum, 712 
ruthenium, 737 
selenium and tellurium, 776 
Potassium nitrate, standard solution, 
1200 

nitrogen in, 2419 

Potassium nitrite method, for cobalt, 312 
separation from Ni, 311 
test for cobalt, 306 
osmium, 748 
palladium, 721 
rhodium, 742 

Potassium periodate, method for Mu, 573 
Potassium permanganate. See perman- 
ganate methods, 
solution, 0,1 N, 475 
standardization, 478 
Bureau of Standards procedure, 
1209 
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Potassium permanganate, 
calculations, 478 
other procedures, 1210 
test for nitrite, 631 
Potassium pyrogallate, see Oxygen 
reagent, 1197 

Potassium thiocyanate, test for cobalt, 
306 

iron, 737 
ruthenium, 737 
standard solution, 1203 
Potentiometric determinations 

aluminum in magnesium alloys, 540 
calcium in magnesium alloys, 550 
see Potentiometric titrations 
see pH, Electrometric method 
methods, 2305 
principle, 2297 (Fig. 321) 
titrations, 2308 ff. 
apparatus, 2309 (Fig. 326) 
electrodes for, 2309-2311 
mieromethods, 2322 
neutralizations, 2309 
^aphs, 2312 (Fig. 329) 
in non-aqueous solutions, 2312 
oxidation-reduction reactions 
chromium in alloys, 2315 
vanadium iu alloys, 2315 
precipitations, complex reactions, 
2312 

simplified methods, 2318 

bimetallic electrodes, 2320 
differential method, 2318 
polarized systems, 2320 
reference method, 2318 
vacuum-tube voltmeters, 2321 
Pour point, oils, 1727 
Powder, see Explosives 
Praeseodymium, 245 

Precipitation and complex-formation ti- 
trations, 2312 

see Conductometric titrations; Poten- 
tiometric titrations ; Chloride, Bro- 
mide, Iodide, Silver, Mercury, etc. 
Preparation and solution of the sample, 
see the Substance in question 
Preservatives, in butter, 1786 
Pressure-solubility curves, Oxygen in 
■water, 677 (Fig. 78) 

Primary .standard substances, 1200, 1201, 
see Standard Substances, also ultimate 
standards 

Primers, table of, 1688, 1689 
Priming, of water, 2086 
Printing ink, 2174 
Producer and fuel gases, see Ga.se8 
Proof gold, preparation of, 440 
Properties of compounds, Vol. I, Part II, 
tables, pp. 1161-1164; of elements, see 
Chapter on element in question 
Propylarsonic acid, 1216 


Protein, effect on pH determinations, 
2287 

in rubber, 1973 

Prussian blue test, for HCN, 1946 
Psychrometer, sling type, 2403 
Ptomaines, 1962 
Pulp, see Paper; gee Zinc, 

Purpurin test, for fluoride, 423 
Pycnometer, see also Specific gravity, 
for bitumin. substances, 1515 (Fig. 
188) 

for specific gravity, 2137 (Fig. 297) ; 
2148 (Fig. 298) 

Pyridine, in ammonium nitrate, 655 
apparatus, 655 (Fig. 74) 

Pyrite ores, arsenic in, 88, 106 
Pyroantimonate, test for sodium, 876 
Pyrogallate method, for oxygen, 686 
Pyrophoric alloys, 246 
Pyrophosphate method 
for cobalt, 330 
magnesium, 532 
manganese, 560 
thorium, 949 
zinc, 1058 

Pyrophosphoric acid, see Phosphorus; 
Phosphoric acid. 

Q 

Qualitative analysis, tables, 1107 ff. See 
also Microscopy; Spectrochemical 
analysis, 
acids, 1112 

tables of reactions, 1128-1135 
bases, reactions of, 1114-1127 
bead tests, 1109 
blow-pipe tests, 1107-1108 
flame tests, 1108 
groups of metals, 1111 
microscopical (chemical microscopy), 
2440 ff. 

, alloys, 2445 
manipulations, 2439, 2441 
reagents, 2442 
teats, 2443, 2445 
Quinaldinic acid, reagent, 1217 
Quinalizarine, reagent, 1217 
test for Be, 138 
Quinhydrone electrode, 2301 
limitations, 2302 
Quinine, detection, 1956 
Quinoline, 8-Hydroxy, see Oxine 
7'iodo-8-hydroxy, or ferron, 487 

B 

Radium, 
detection, 758 
estimation 

alpha ray method, 759 

instrument, 759 (Fig. 88) 
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Radium, 

emanation (radon) method, 761 
apparatus, 760 (Fig, 89) 
hisulfate fusion, 761 
carbonate fusion, 763 

boat for, 764 (Fig. 91) 
gamma ray method, 766 

apparatus, 766 (Fig. 93) 

Radon, 761 

Raies ultimes, 2601, 2609 
Table of, 2602, 2603 
Rapei^^d oil, 1781 

Rapid methods, see Cement; Copper, etc. 
Rare earths 

atomic weight, average, 259 
colors, of solutions, 260 
detection, 258 

arc and spark spectra, 257, 258 
estimation, gravimetric, 247 
cerium group, 250 
composition of groups, 256 
yttrium group, 250 
occurrence, 246 

preparation of the sample, 247 

properties, 245 

separation 

from other elements, 247-250 
phosphoric acid, 248 
scandium and thorium, 249 
spectra, absorption, table, 257 
Rarer elements, allied to platinum, 730 ff. 
Rasorite, 164 

Rat poison, thallium in, 945 
Reaction coefficient, water analysis, 2086 
Reactions, qualitative, 1114-1135 
Reagents. See also Chapter on, Vol. I, 
pp. 1193-1218 
acetaldehyde, 2139 
acetic acid, 1193 
acetic anhydride, 2150 
acid mixture, for iron titration, Knop ^s, 
473 

Reinhardt-Zimmermann, 476 
for silica determination, 29 
alcohol, 1193 

for oil analysis, 1771 
free of aldehyde, 2139 
-methyl chloride, 29 
alizarine S, aluminum reagent, 2 , 
aluminon, 1213 

aluminous materials, analysis, 29-32 
amino-nitrosophenylhydroxylamine, for 
iron, 469 

ammonium acetate, lead extraction, 
512, 1194 

ammonium chloride, standard, water 
analysis, 1109 
wash solution, 32 
molybdate, for lead, 511, 1201 
for phosphorus, 32, 494, 1194 
in water, 2090 


Reagents, 

nitrate, wash solution, 32 
persulfate, for Mn, 563 
phosphate, 1194 
sulfide, 1194 
thiocyanate, 271 
antimony! chloride, 1199 
antimony, traces, Gutzeit, 79-80 
arsenic, (lutzeit, 102-104 
standard solution, 1199 
arseaite, 0.1 N, 453 
arsenous acid, for manganese, 31 
iodometry, 1203 
various oxidants, 1204 
barium chloride, 1194 
hydroxide, 1194 

benzidine hydrochloride, for sulfates, 
1213 

benzoic acid, standard, 2197 
a-benzoinoxime, for molybdenum, 591 
reagent, 1213 

a -benzyl dioxime, for Ni, 618 
bismuth, standard solution, 158, 1199 
borate, standard solution of, 185 
brilliant green lactose peptone bile, 
2122 

Brom eresol purple, 2192 
bromine-potassium bromide, sulfide 
oxidation, 1194 
bromine, 1194, 2253 
for gas analysis, 2422 
saturated-HCl, 74 
buffer reagents, 2074 
cadmium, standard solution, spectro- 
graphie, 1092 

cadmium chloride, sulfur reagent, 912 
calcium acetate, for fluorine, 413 
calcium chloride, hardness of water, 
2082 

calcium hydroxide (lime water), 1195 
carbon dioxide, microgenerator, 2489 
ceric sulfate, standard solution, 1204 
chlorine water, for bromine determina- 
tion, 192 

citric acid, for calcium determination, 
209 

cinchonine, for tungsten, 1011, 1195 
-potassium iodide, for Bi, 158, 1195 
color standards, permanent 
nitrite in water, 2052 
copper, standard solution, 1199 
copper sulfate, for HCN determina- 
tion, 660 

cuprammonium solution, for paper 
pulp, 1886 

cupric potassium chloride, C in steel, 
220 

cuprous chloride, acid for CO in gas, 
1195, 2421 

ammoniacal for CO in gas, 1195, 
2421 
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Reagents, 

sulfate, 2422 
curcumin for Be, 144 
Devarda alloy, nitrate reduction, 641, 
1196 

dichlorfluorescein, adsorption indica- 
tor, 273 

dichromate, potassium, N/5 and N/10 
for iron, 471 

diethyldithiocarbamate, for copper, 376 
dimercaptothiodiazol, 1214 
p-dimethylaminoazobenzylidenerlioda- 
nine, for Ag, 1214 
dimethylglyoxime, for nickel, 619 
diphenylamine indicator solution, 32, 
291 

for lead, 514, 1205 
zinc, 1065 

dipbeiiylamine sulfonic acid, 1206; 
for nitrate, 1214 

diphenylbenzidine, indicator, 543, 1206 
diphenylcarbazide, for chromium, 283, 
290, 1215 

dipicrylamine, for potassium, 1215 
dithizone, for lead, etc., 522, 1215 
Endows medium, 2121 
eosin, indicator, 192, 1201 
-methylene blue agar, 2121 
erioglancine, indicator, 1206 
eriogreen, indicator, 1206 
etching reagents, for steel, 2552 
Fehling’s solution, 1206 
Ferric alum, Volhard titration, 271, 
1201 

ferric chloride, for tin titration, 967 
nitrate, 

for Volhard titration, 825 
zinc analysis, 1196 
ferricyanide, potassium, 472 
ferrocyanide, potassium, 1060 
ferron, 487 

ferrous ammonium sulfate, for gly- 
cerol, 2153 

for steel analysis, 295, 304, 1207 
ferrous sulfate, for chromium, 291 
for nitric acid, 1206, 1225 
for persulfate, 922 
fire assay, 836-837 

fluorescein, adsorption indicator, 273, 
1201 

' fluoride, standard for fluorine deter- 
mination, 411 
Froehde’s reagent, 1965 
fuchsin-sulfite, 2139 
fusion mixture, aluminous materials, 
29 

gas analysis, list of reagents, 2421- 
2424 

glucose, for boric aeirl titration, 180 
glvceroi, for boric acid determination, 
171 


Reagents, 

Hesse’s agar, 2123 

hydrochloric acid, free of arsenic, 104, 
1196 

0.1 N, standard, 176, 2195 
1-2-5-8-hydroxyanthiaqumoue, for Be, 
143 

8'hydroxyquinoline, see oxine 
hydrogen peroxide, 1196 
indicators, acid-alkali, 2192 
mixed, 2192 

for pH, 2073 , 

oxidation-reduction, see Reagents, 
1203 ff. 

precipitation, see Adsorption indi- 
cators 

indigo carinin, 2158 
iudigotindisulfonate, indicator, 679 
iodate see potassium iodate 
iodide solution, oxygen i>i water, 2079 
iodine, 0.1 N reagent, 1207 
reagent for lime, 213 
for sulfur, 912 
for tin, 965 

iodine monochloride, 0.005 M solution, 
1209 

iodo-potassium iodide, 1965 
iron, standard solution, spectrograpluc 
work, 1092 
spelter, 1199 

stannous chloride titration, 485 
traces, 486 

load, standard solution, 518, 1200 

for spectrographic work, 1092 
lead acetate, cotton, Gutzeit method, 
104, 1196 

lead acid, lead analysis, 504 
lead siibacetate, 2153 
magenta, 188 

magnesia mixture, for phosphorus, 69.5, 
1196 

magnesium uraii)'! acetate, for sodium, 
880 

manganous sulfato, oxygen in water, 
2079 

mannitol, boric acid, determination, 
176 

Marme’s reagent, 1965 
Mayer reagent, 1965 
mercuric ammonium thiocyanate, for 
zinc, 45 

mercuric chloride paper, for antimouj', 
79 

for arsenic, 103, 1197 
see also microanalysia 
mercury, 2422 
methyl orange, 2192 
red, 32, 2192 
yellow, 32, 2192 
violet, paper, 1694 
microscopy, list of reagents, 2442 
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Reagents, 

Milloii^s reagent, 1964 
molybdenum solution, colorimetric de- 
termination, 609, 612, 1009 
naphtliylamine reagent, nitrites in 
water, 2052 

Nessler^s solution, ammonia determi- 
nation, 630, 657, 1197, 2049 
nitrate, standard solution, 641 

for ferrous sulfate method, 
1207 

nitijje acid, 0.1 N solution, 698 
p-iiitrobeiizeneazoresorcinol, for Mg, 
529 

nitron, 639, 1216 
a-nitroso-/S'-iiaphthol, 1216 
nutrient agar, 2121 
broth, 2120 
gelatin, 2120 

oils, fats waxes, reagents for, 1799- 
1801 

for paint vehicle, 1846 
osmium tetroxide, 1204 
oxalic acid, 212, 922 
oxinc (8-hydroxy quinoline), 1216 
palladous chloride, 1197, 2423 
paraffin, 1197 

paranitro phenol indicator, 181 
permanganate, sec Potassium perman- 
ganate 

peroxide solution, for Ti dct*n., 1197 
o-phenaiitliroline-frrrous sulfate, oxid.- 
red. indicator, 1207 

plienolphthalein, indicator, 32, 176, 

2192 

phonolsulfonic acid, nitrates in water, 
2076 

phenylarsonic acid, 1216 
phenyl thi oh ydantoic acid, 1216^ 
phenyltriraethylammonium iodide, for 
Gd, 1217 

phosphate, standard solution, water 
analysis, 2090 

9-phosphomolybdic acid, for Rb and 
Cs, 894 

picro Ionic acid, 1217 
potassium antimonyl tartrate, 80 
broraate, 0.1 N, 74, 1207 
chromate, indicator, 272, 2094 
cyanide solution, for copper, 374 
for nickel, 623 

dichromatc, 0.05 N, 29; 0.2 and 0.1 
N, 471, 1208 

ethyl xaiithate, for copper, 377 
ferrieyanide, indicator, 472, 1197 
ferro cyanide, for copper, 378 
for zinc, 1060, 1065, 1202 
fluoride, for aluminum salts, 16, 
1197 ^ 

hydroxide, for carbon det n., 11“' 
iodate, general purposes, 1209 


Reagents, 

for copper, 373 
iodide, for bismuth, 1197 
mercury, 580 
nitrate, standard, 1200 
periodate, 573 

permanganate, 0.018 N, 31; 0.1 N, 
31, 85, 295, 304 
for lead det'n., 526 
standardization, U. S. Bur. Stds. 
meth., 1209 

water, oxygen consumed, 2050 
thiocyanate, 0.1 N, 271, 1203 
for iodate method, 373 
proof gold, preparation, 440 
propylarsonic acid, 1216 
pyrogallate, for oxygen, 1197, 2423 
quinaldiiiic acid, 1217 
quiiializarine, 1217 
reducing agents, for sulfates, 912 
rubber analysis, reagents, 2001 
rubeanie acid, 1217 
Eussell^s media, 2123 
salicylaldoxime, 1218 
salicylic acid, for iron, 487 
Schiff's fuchsin-bisulfite, 1198, 2139, 
2148 

seleiiious-sulfuric acid, 1965 

silver carbonate, 2153 

silver nitrate, 0.1 K, 271, 1202 

for nickel, 622; silver, 825; water, 
2094 

soap, standard solution, water analy- 
sis, 2082 

sodium arsenite, see arsenious acid 
bismuthate, 1198 
bismuth nitrite, Rb and Cs, 896 
carbonate, pure, 2193 
chloride, primary standard, 1203 
hydrosulfitc, for dissolved oxygen, 
679 

hydroxide, 0.1 N, 176, 181; 0.2 N, 
181; 0.5 N, 176 
phimbite, 1742 
sulfide, 936, 1198 
thiosulfate, 213, see Thiosulfate 
sofiiol red indicator, 176 
stains, standard, plate facing p. 107 
(arsenic) 

for antimony, 80, 81 
for arsenic, 102, 103 
for sulfur, 936 

stannous chloride, 471, 485, 1212 
starch solution, 453, 1198, 2079 
for sulfur determination, 912 
steel analysis, reagents, see Chapter 
on; also individual 
elements, C, Mn, P, S, Si, etc. 
sugar broths, 2120 

sulfanilic acid, for nitrites in water, 
2052 
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Keagents, 

sulfuric acid, standard solution, 2194 
free ammonia determination, 641 
tartrate solution, lead determination, 
1198 

tetrahydroxyanthraquinone indicator, 
for sulfates, 919 

thiocyanate, ammonium or potassium, 
0.1 N, 825 

thioglyeollic acid, for iron, 487 
thionalide, reagent, 1218 
thiosulfate, sodium, 0.1 N solution, 
452, 1211 

for copper, 308, 1211 
for T\ater, 0.01 N, 2079 
thymol blue, 2192 

thymol, for titanium determination, 
994, 1199 

thorium nitrate, for fluoride, 407 
tin, standard solution, 965 
titanium, standard solution, for fluor- 
ine, 411 

for titanium, 30, 989 
titan yellow G, for Mg, 529 
triphenyltin chloride, 1218 
turmeric indicator, 185 
uranyl zinc acetate, 32 
vanadium sulfate, solution, 31 
Wagner's sol’n, for Ca, 209 
Zimmermann-Rcinhardt solution, 476 
zinc uranyl acetate, for sodium, 879 
zirconium-alizarm indicator, for fluor- 
ine, 407 

zirconium-purpurin, reagent for fluor- 
ine, 423 

zinc, amalgamated, 1199 
Red lead, 1869 
lead in, 1869 

lead peroxide in, 524, 525 
method for Mn, 573 
organic color in, 1869 
true red lead, 1870 
Red pigments, 1869 
Reducing agents, for chlorate, 274 
for chromate, 282, 286 
for vanadium, 1031 

Reduction of iron compounds, 469-471 
nitrates, 644 

Redactor, Jones', 476 (Fig. 56) ; 595 
(Figs. 64, 65); 986 (Fig. 122) 
method for iron, 469, 475 
for molybdenum, 594 
for titanium, 984 
for uranium, 1027 
for vanadium, 1039 
Reference electrode, 2307 
References, selected, are given to litera- 
ture at the end of many special chap- 
ters, e.g. (Themical microscopy, Micro- 
analysis, etc. etc. 


Refractive index, see also chapter on 
Chemical Microscopy 
animal and vegetable oils, 1764 
Chinese wood or tung oil, 1847 
turpentine, 1851 

Refractometer, Abb€, 1765 (Fig. 256) 
micro, 2546 

Refractory materials, decomposition, 
1334 ff. 

for chromium determination, 284 
for iron determination, 477 
Residue, total, in sulfuric acid, 22^9 
in water, 2077 
Resin, in explosives, 1665 
in paper, 1903 
in rubber, 1969, 1981 
in varnish, 1852 

separation from polymerized oils, 1852 
Resinatea, in paint vehicles, 1842 
Reverberatory slag, analysis, 2021 
Rhenium, detection, 768, 769 
estimation, 769 
colorimetric, 772 
gra^dmetrie, 771 
occurrence, 768 

preparation aud solution of sample, 
769 

separation, by distillation, 769, 770 
from molybdenum, 770 
oxine method, 771 

Rodamine 6 G, adsorption indicator for 
Ag, 830 

Rhodium, detection, 742 

estimation, gravimetric, 746, 747 
occurrence, 742 

prep, and sol. of the sample, 743 
properties, 742 

separation, from iridium, 744 
from palladium, platinum, 743, 745 
from ruthenium, 745 
Rhombic sulfur, 935 (Fig. 118) 

Eifflb sampler, for coal, 1630 
copper, 364 
see also Rampling 
Road oils, 1837 

Rocks, see Decomposition of flamplc; sec 
Silica; Silicates; Minerals, 
chloride in, 264 

Rosin, analysis, 1940. See also Rcsiu 
in oil, 1781 
in paper, 1903 
in soap, 2044 

Rotameter, 2341 (Fig. 357) 

RjO„ see Iron and alumina , 

Rubier, analysis, 1966 ff. 
accelerators for, 1981, 2016 
acetone extraction of, raw 1969 

apparatus, 1970 (Fig. 285) 
value, acid of extract, 1971 
vulcanized, 1979 
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Rubber, detailed examination of ex- 
tract, 1980 

alcoholic potash extraction, 1982, 2000, 
2003 

ammonia, in latex, 1968 
analysis, methods of 
Findlcr\ 1975 
nitrosite, 1975 
precipitation, 1974 
Spence's method, 1974 
tetrabromide method, 1975 
^Wesson and Knorr's method, 1975 
antimony in, 2006 
ash, 1971 
analysis of, 2015 
antimony in, 2006 
sulfur in, 2006 
. barium carbonate in, 2010 
barium compounds in, 1989 
barium sulfate in, 2006 
calculations, 2011 
carbon in, 2007 
carbon black in, 2018 
cellulose in, 1987, 2009 
chloride in, 1986 
chloroform extract, 1982, 2002 
colophony, 1981 
color pigments, 2019 
copper, in crude rubber, 1971 
crude, analysis of, 1967, 1968 
ebonite, 1991 

fillers, inorgauie, 1988, 2018 
total, 1982 

glue in, 1986, 1987, 2007 

guanidines, 2017 

gutta pcreha and balata, 1992 

separation from rubber, 1995 
hydrocarbons in, 1966, 1974, 1994, 
2008, 2009 

insoluble matter, organic, 1973 
latex, 1968 

manganese, in crude rubber, 1972 ^ 
mercaptobenbothiazole, 2017 
mercury, 1989 
mineral matter, 1989, 1990 
moisture, in raw rubber, 1967 
in vulcanized rubber, 1978 
nitrogen in, 1973 
in alcoholic potash extract, 1982 
outline of analysis, vulcanized rubber, 
1979 

physical tests, 1995-1997 
preparation of sample, 2000 
protein in, 1973 
raw, 196fi, 1968, 2016 
analysis, 1969 
reclaimed, 1992, 2016 
resin (rosin) in, 1969, 1981 
rubber determination, 2000 
as compounded, 2011 
by volume, 2012 


Rubber, hydrocarbons, 1974 
saponifiable matter in, 1980 
selenium in, 1986 
softeners, 2017 
solutions, analysis, 1976 
solids, solvents, 1976 
solvents, examination, 2019 
specific gravity of, 1992, 2002, 2012 
sulfur, combined, 1985 
free, 2000, 2003 
in alcoholic potash extr., 1982 
of vulcanization, 1985 
total, 2000, 2003, 2005 
Kay and Sharpe method, 1984 
nitric acid method, 1984 
Eothe's method, 1983 
Stevens' method, 1983 
zinc oxide -nitric acid method, 
1984 

unsaponifiable matter in, 1980, 2003 
Vermillion in, 1991 
vulcanization coefficient, 2014 
vulcanized, examination, 1977 
scheme of analysis, 1979 
water soluble components, 1978 
zinc oxide, 2019 

Rubber goods, standard methods of an- 
alysis, 1999 ff. 
acetone extract, 2002 
alcoholic- alkali extract, 2003 
antimony, 2006 
ash, 2005, 2014, 2015 
antimony in, 2006 
sulfur in, 2006 
barium carbonate, 2010 
barium sulfate, 2006 
calculations, 2011 

composition of stock, 2015 
carbon, 2007 
cellulose, 2009 
chloroform extract, 2002 
extracts, 2012 
glue, 2007 

hydrocarbons, 2008, 2009 
preparation of sample, 2000 
reagents, 2001 
results, 2012 

rubber as compounded, 2011 
by volume, 2012 
specific gravity, 2002, 2012 
sulfur, free, 2003 
total, 2003, 2005 
unsaponifiable, 2008 
vulcanization coefficient, 2014 
zinc, 1085 
oxide, 2019 

Rubeanic acid, reagent, 1217 

Rubidium, detection, 893 
estimation, 897 
separations, 894 
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Kubidium, from caesium 

antimony chloride-ferric chloride 
method, 897 

silicotungstic acid method, 897 
from potassium 

9-phosphomolybdic acid, method, 
894 

sodium bismuth nitrite method, 
896 

Euthenium, detection, 737, 738 
estimation, gravimetric, 740 
occurrence, 737 

preparation and solution of the sample, 
738 

separations, from iridium, 738 
osmium, 739 
platinum, 739 
rhodium, 739 
solubilities, 737, 738 

S 

Salieylaldoxime, reagent, 1218 
Salicylic acid method, for iron, 487 
test for iron, 463 
for silver, 819 

Saline residues, alkalies in, 864 
Salt cake, analysis, 1935 
Samarium, 245 

Sample, decomposition of, 1334 ff. 

See laso Pusion ; I’reparation and solu- 
tion of sample under each element, 
VoL I. 

Sampling, general methods, 1301 ff. 
Introductory, 1301 
methods for 

gases, apparatus, 1325 (Fig. 
174) ; 1326 (Fig. 175) ; 

1327 (Fig. 177) ; 1328 

(Figs. 178, 179) 
general considerations, 1324 
grab sample, 1326, 1327 (Fig. 
176) 

liquids, apparatus, 1319 (Fig, 
168); 1320 (Fig. 169) 
genera] outline, 1318 
in motion, sampling, 1320 
apparatus, 1321 (Fig. 
170); 1322 (Figs. 171, 
172) 

special, 1323, 1324 (Fig. 173) 
mill solutions, 680 (Fig. 
81) 

solids, apparatus for refluction 
and preparation 
crusher, 1312 (Fig. 159) 
crusher and grinder, 1310 
(Fig. 154) . 

crusher and sampler, 1313 
(Fig. 160) 

disc grinder, 1312 (Figs. 
157, 158) 


Sampling, jaw and toggle crusher, 1309 
(Fig. 153) 

roll grinder, 1311 (Figs. 
155, 156) 

apparatus for sampling, 1304 
(Fig. 151) 

riffic sampler, 364, 1314 
(Figs. 161, 162) 
collection of gross sample, 
1302-1307 

cone and quartering process, 
1309 « 

drying, for moisture determi- 
nation, 1316 

ovens, 1316 (Figs. 163, 164, 
165), 1317 (Fig. 166) 
long pile and shovel method, 
1307, 1308 (Fig. 152) 
mixing and dividing, 1314 
reduction and preparation, 
1307 

references on sampling, 1318 
sieves, standard, 1314 
dimensions, 1315 
specifications, A. S. T. M., 
1329-1333 
unit of, 1301 
vacuum ovens, 1301 

flampling, special methods and materials 
for microanalysis, 2464 
cement, 1600 
coal, 1620 
paper pulp, 1896 
water, 2102, 2116 

sec also itidividual materials, Alloys; 
Aluminum, etc. 

Sand, iron in, 482, 483 
silica in, 805 

Sanitary analysis of water, 2047 
Saponifiable matter, in bituminous, sub* 
« stances, 1.159 
in rubber, 1980 
number, in oil analysis, 1844 
value, in oils, 1771 
table of, 1773 
in soap, 2043 

Saturated solution, analysis, solubility 
determination, 2580 
Seale, in water, 2086 
Scandium, detection, 773 
estimation, 774 
occurrence, 773 

preparation and solution of the sainplf*) 
774 

separations, 774 
Schrocttcr’s alkalimeter, 238 
Sediment, in oils, 1761 
Selcnate, or selcnic acid, 785 
Sclenioua acid, method for Zr, 1101 
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Selenium, 

catalyst, Kjahldahl method, 633, 634 
commercial, analysis of, 787 (estima- 
tion Se, Te, Pb, Cu, Fe) 
detection, 775, 776 
estimation, gi’avimetric 

by reduction with KI, 784 
with SO,, 781, 784 
volumetric, thiosulfate method, 785 
procedure, 793 
special methods 
in coniniereial selenium, 787 
in complex mixtures, 777 
in copper 

blister or pig, 789 
electrolytic slimes, 789 
refined, 388, 791 
in flue dust, 790 
in glass, 791 
in lead slimes, 789 
in rubber, 1986 
in sodium selenite, 791 
in steel, 1480 
in sulfuric acid, 2232 
in tellurium, 784 
occurrence, 775 

preparation and solution of sample, 778 
separation, selenium and tellurium 
from'. 

719 

selenium from tellurium 
\i^ iVvsVi\\u.\.\on, 119 

apparatus, 780, 782 (Figs. 94, 
95) 

recommended procedure, 782 
Keller 's method, 779 
Selenium steel, see Iron and steel 
Semi drying oils, see Oils 
Separation, see Element, or Substance in 
Question 

solid phase, solubility measure, 2i?79 
Sesame oil, 1781 
Setting time, of cement, 1597 
Settlement basis, borate concentrates, 174 
Settlement test, bituminous substances, 
1591 

Sewer gas, 2372 
Shale oil, 1838 

Short iodide method, for copper, 371 
Sieves, standard, 1314 

specifications, A. S. T. M., 1329-1333 
Silica, determination 

in aluminum hydrate, 28 
ores, 19 
in alundum, 33 

in “arsenic” (arsenioiis oxide), 110 
in barium ores, 133 
in bauxite, 23 
in bleaching powder, 2160 


Silica, in boron carbide, 183 
in cement and clinker, 816, 1601, 1614 
table of results, 817 
in fluorspar, 419 
in glass, 2165 
in gypsum, 214 
in hydrochloric acid, 2205 
in illmenitc, 498 
in pigments (paint), 1866 
in Portland cement, 1601, 1614 
in sand, 805 

in silicon carbide, total, 814 
in sodium fluoride, 421 
in sodium silicate, 805 
in titaniferous ores, 996 
in ultramarine blue, 1872 
in water, 803, 2059 

Silicates, alkalies in, Hydrofluoric acid 
method, 883 

J. Lawrence Smith's method, 882 
barium in, 125 
boron in, 164 

decomposition, for fluorine determina- 
tion, 7 

list, acid-soluble and insoluble, 797 

microanalysis of, 2545 

potash in, short method, 872 

Sec also ¥'\ia\oTi. meyaods ■, x»Tcp- 

^\\lco-ftuoT\&e. lest, iex pota^etum, 
Silicomanganese, manganese in, 568 

aeid metiiod, ior %i\\cou, 
803 

Silicon, detection, 794 
bead test, 795 

lead cup apparatus for, 794 (Fig. 

. 

estimation, general gravimetric method, 
800 

errors, 796; 806-807 
perchloric acid dehydration, 
802 

special procedures 
in alloys, 802 

rapid method, 804 
in aluminum and its alloys, 39 
in ferrochromium, 1493, A. S. T. 
M. 

in ferromanganese, 1490, A. S. T. 

M. 

in ferrosilicon, 808, A. 8. T, M., 
1485 

in ferrotungsten, 1497, A. S. T. 
in ferrovanadium, 1051, A. S. 

M., 1497 

in iron and steel, 493, 494, 806, 
A. S. T. M. methods, 1444, 1446 
conductivity method, 811 
in fluorspar, 802 
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Silicon, in limestone and soluble silicates, 
802 

in magnesium alloys, 543 
in monel metal, 1379 
in nichrome, 1408 
in nickel, 627 
in refined silicon, 808 
in stellite, 326, 1412 
importance of methods, 795 
oecurrenee, 794 

preparation and solution of the sample, 
795 

decomposition by acids, 797 
fusion methods, 797 
Hawley's procedure, 807 
methods for decomposition, al- 
loys, minerals, ores, steels, 
etc., 798, 799 
separations, general, 800 
lead and boron, 800 
traces, colorimetric estimation, 803 
Silicon alloys, analysis of, 568 

ferrosilicon and refined silicon, 808- 
810 

Silicon carbide (umpire analysis), total 
silica, BoOg, lime, magnesia, free car- 
bon, total carbon, calculations, 813- 
816 

Silicon tetrafluoride 

in detection of Si, 794 
method for flourine, 409 
properties of, 2347, 2365 
volatility of, 401 

Silicotungstie acid method, for caesium, 
897 

Silver, detection 

dry method, 818 
silver chloride, 818 
other tests, 819, 820 
estimation, general procedures 
gravimetric 

electrolytic method, 824; micro, 
2518 

fire assay, 835 ff.; 860 
silver chloride method, 821 
silver cyanide method, 823 
other methods, 823 
volumetric 

adsorption indicator method (Fa- 
jan's), 830 
Deniges' method, 831 
Gay-Lussac 'a method, 826 
miscellaneous methods, 832 
nephelometric method, 831, 832 
tJ. S. Mint methods, 827 
tables, 829 

Volhard’a thiocyanate method, 824 
estimation, special methods 

in ores and concentrates, 860 
in pig lead, 1413 
in silver soldier, 1402 


Silver, industrial importance of methods, 
820 

occurrence, 818 

preparation of pure silver, 833 
separations, 821 
solubilities, 820, 821, 823 
traces, rhodanine method, 820 
Silver bullion, fire assay,' 855 
coin ingots, 829 
fine silver (wet assay), 828 
Silver refined, Pt and Pd in, 726 
Silver residues, recovery of Ag from, 830 
Silver arsenate, method for As, 100 
bromate, method for nitrite, 653 
bromide, precipitation of, 191 
Silver carbonate, reagent, 2153 
Silver chloride, electrode, 2300 
method for chloride in, 264 
precipitation of, 269, 281 
Silver chromate, indicator, 272 
Silver cyanide, method for silver, 823 
test for HCCSr, 1947 
Silver iodide, method for iodine, 451 
Silver molybdate, method for molyb- 
denum, 590 

Silver nitrate, detection of bromine, 188 
of chromate, 282 
method for bromide, 192 
chloride, 271, 273 
cyanide, 661 
iodide, 457 
precipitant, 2335 

standard solution, 0.1 N, 272, 1202 
test for chloride, 261 
hydrogen cyanide, 1947 
ruthenium, 737 
Silver solder, 1402 

Silver sulfate-sulfuric acid method for Cu 
compounds, 394 

Silver thiocyanate, method for bromide, 
192 

chloride, 271 

Sizing strength, of starch, 2158 
Slag, analysis, 2020 
decomposition, 2021 

for Cu determination, 353 
for fluorine determination, 402 
for titanium determination, 978 
niter, for Se and Te, 790 
Slime, copper, Se and Te in, 789; Pt and 
Pd in, 726 

lead, Se and Te in, 789* 

Sling pyschrometer, 2403 
Slip bands, metallography, 2564 
Slow method, for copper (electrolytic), 
-364 

Smith alkali method, 6, 36, 882 
Smoke, in chimney gases, 2388 
Smokeless powder, analysis, 1695 
Snake weighing tube, 2202 (Fig. 303) 
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Soap, detection in lubricating oil, 1736 
determination, in grease, 1825 
standard methods for analysis of 
alkali (combined) fatty acid, fatty 
anhydride, anhydrous soap, 2029 
alkali (free) ; acid (free) 2032 
borax in, 2035 
chloride in, 2030 
glycerine in, 2038 

insoluble (in alcohol), analysis of, 

2037 

iodine value, 2043 

ir*oi8ture and volatile matter, distil- 
lation method, 2028 
oven method, 2028 
perborates in, 2036 
phosphates in, 2036 
rosin, 2044 
sampling of, 2027 
saponification value, 2043 
silica in, 2034 
sodium carbonate, 2033 
sugar in, 2038 
sulfates in, 2037 
titer test, 2042 

unsaponified and unsaponifiable mat- 
ter, 2031, 2032 

volatile hydrocarbons in, 2040, appa- 
ratus (Fig. 287) 

. water soluble and insoluble matter, 

2038 

Soda-asbestos (^‘ascarite'^), 1429 
Soda ash, analysis of, 2261 
modified, 2263, 2264 
Sodium anthranilate, test for Cd, 203 
Sodium bicarbonate, analysis of, 2264 
in soda ash, 2261 

mixtures with sodium carbonate, 
2267 

Sodium, detection 

fiame test; triple acetates; pyroanti- 
monate; caesium bismuth nitrate 
^ test, 875, 876 
estimation, general procedures 

gravimetric, difference method, 878 
indirect method, 883 
other methods, 882 
sodium chloride method, 877 
magnesium uranyl acetate 
method, 879 
sulfate method, 878 
zinc, j^ranyl acetate method, 878 
volumetric, 882 
estimation, special procedures 
after removal of potassium, 881 
in alundum, 36 

in presence of K, Li, Bb and Cs, 884 
in silicates, 

hydrofluoric acid method, 883 
J. Lawrence Smith method, 881, 
882 


Sodium, occurrence, 875 
preparation and solution of the sample, 
876 

separations 

from all constituents except alkalies, 

876 

from potassium, lithium, rubidium 
and caesium, 876, 884 
from potassium (large amounts), 

877 

Sodium-alcohol method, for halogen, 266 
Sodium-ammonia (liq.) method, for 
halogen, 266 

Sodium alizarin sulfonate, 407 
Sodium aluminate, in NaOH, 2256 
Sodium arsenite, 453 
Sodium bismuth nitrite, method for Eb 
and Cs, 896 

Sodium carbonate and hydroxide in mix- 
tures, 2265 

Sodium carbonate, analysis of, 2261 
fusion of silicates, 797 
fusion test, for manganese, 555 
fusion with, 4, 465, 477, 616, 797, 
956, 1344 ff. 

in mixtures, with bicarbonate and 
borate, 2271 

in presence of sulfur acids, 929 
in sodium fluoride, 421 
in sodium hydroxide, 2256 
in sodium sulfide, 2184 
preparation, pure, 2193 
Sodium chlorate, method for manganese 
dioxide, 310 

Sodium chloride, determination 
in gypsum, 215 
in soap, 2033 
in soda ash, 2261 
in sodium ferroeyanide, 667 
in sodium fluoride, 421 
in sodium hydroxide, 2256 
in sodium nitrate, 645 
in sodium silicate, 805 
in trisodium phosphate, 705 
standard, ultimate, 1203 
Sodium chromate, as precipitant, 2335 
Sodium ferroeyanide, sampling, moisture, 
total ferroeyanide, sodium chlo- 
ride, sodium sulfate, foreign mat- 
ter, 665-668 

reagents for analysis, 666, 667 
Sodium fluoride, analysis, insoluble NaF, 
Na„SO^, sodium sulfate, carbonate and 
chloride, silica, in, 420, 421 
Sodium hydrosulfite, estimation of, 930 
(Fig. 114) 

method for oxygen, 681 
standard solution, 679 
Sodium hydroxide, alcoholic solution, 
1198 

analysis of, 2255 
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Sodium hydroxide, determination in 
liquid bleach, 280 
fusion method for ores, 957 
specific gravity, tables, 1158, 1159, 
2268 

standard solution, 2197 

removal of carbonate, 2197, 
2198 

teat for Pt, 713 

Sodium metabisulfitc, allcall titration of, 
927 

determination in presence of car- 
bonates, chlorides, sulfates, sul- 
fites, thiosulfates, 929 
reductant for ferric salts, 471 
Sodium nitrate, analysis of, 644, 645 
Sodium oxide, determination 

in aluminous materials, 21, 27, 28 
in liquid bleach, 279 
in sodium silicate, 804 
in ultramarine blue, 1873 
see also, Alkalies, determination of 
Sodium peroxide, fusion method, chro- 
mite, 284 
tin ores, 9o7 

method, halogens in organic matter, 
267 

test, for iron, 463 
see also peroxide 

Sodium phosphate, test for uranium, lOlS 
Sodium plumbite, 1742 
Sodium pyroantimonate, test for Na, 875 
Sodium rhodizinate, indicator, 129 
Sodium selenite, analysis of, 790 
Sodium silicate, analysis of, 804, 805 
in soap, 2034 
in soda ash, 2262 
in sodium hydroxide, 2256 
Sodium sulfate (salt cake), analysis of, 
1935 

determination of sodium as, 878 
in soda ash, 2262 
in sodium ferrocyanide, 668 
hydroxide, 2256 
nitrate, 645 
sulfide, 2183 

in trisodium phosphate, 705 
with other sulfur salts present, 929 
Sodium sulfide, analysis of, 2181-2187 
(insoluble, FeS, sulfide, thiosul- 
fate, sulfite, alkalinity, polysulfide, 
sulfate, carbonate, calculations) 
in soda ash, 2262 

Sodium sulfite, acid titration of, 928 
determination, in presence of car- 
bonates, chlorides, metabisulfites, 
sulfates and thiosulfates, 929 
in soda ash, 2262 
reduction of ferric salts by, 471 
test for osmium, 748 


Sodium thiosulfate, determination in 
presence of metabisulfites, sul- 
fates, thiosulfates, carbonates, 
chlorides, 929 

standard solution, 0.1 N, 452, 1211 
for copper, 1211 
test for molybdenum, 585 
ruthenium, 738 
Sofnol red, 176 
Softeners for Rubber, 2017 
Softening, of water, 2086 
range, bituminous substances, 1523 
Soils, iodine in, 460 
nitrogen in, 634, 646 
Solder, antimony in, 83, 1390 
copper in, 1393 
silver, 1402 

soft, and white metal, 84 
zinc in, 1085, 1392 
Solenoid apparatus, electrolysis, 362 
Solidification points, of explosives, 1681, 
1682 

Solid phase, identification of, 2581 
Solids, in explosives, separation of, 1675 
in gas, suspended, 2414 
in hydrochloric acid, 2205 
in ivater, 2055 
sampling of, 1301-1318 
Solubilities, elements, oxides and salts, 
see under Estimation, Prep, and 
solution of sample, solubilities, un- 
der each element, Vol. I. 

Table, inorganic compounds, 1161- 
1164; also inside cover 
table, qualitative, 1136 
Solubility, determination of, 2570 ff. 
apparatus, 2571-2579 (Figs, 487- 
497) 

distribution coefficients, 2586 
electrolytic conductivity method, 
2586 

"freezing point method, 2584 
of gases in liquids, 2587, 2589 
(Figs. 499, 600) 

saturated solution, analysis of, 2580 
separation, saturated solution from 
solid, 2579 

solid phase, identification, 2581 
synthetic method, 2582 
titration method, 2585 
transition temperature:., 2582 
volume change method, 2584 
tests, bitumin, substs., 1539 
Solvay Process Co., methods, 240 
Solvents, for bituminous subsets., 1586 
for inorganic substances, 1334—1338 
for rubber, 1976, 2019 
Soundness, of cement, 1597 
Spark spectra, 2599 (Fig. 508) 
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Specific gravity, see also under tables 
bitumin. substs., determination 

analytical balance method, 
1517 (Fig. 189) 
hydrometer method, 1514 
(Fig. 187) 

pycnometer method, 1515 
(Fig. 188) 

comparison with degrees Baume, 
1168 

definition and methods of determi- 
nation, 1175 

animal and vegetable oils, 
1764 

burning oils, 1704 
linseed oil, 1844 
turpentine, 1851 
gases, 2344, 2397; table, 2411 
hydrometer method, 1704, 2205 

(Fig. 305) 

of acids, see individual acids; see 
Tables 

of glass, 2165 
pycnometer method, 1764 
rubber, 2002, 2012 
Westphal balance method, 1704 
(Fig. 239) 

Specific heat, definition, 1174 
of gases, 2425 

Specifications, for cement, 1597 
linseed oil, 1843 

Spectral lines, for Cd, Pb, Fe in zinc, 
1092 

Spectrochemical analysis and Speetro- 
graphic analysis, 2592 ff. 
apparatus, 2594 tf. 
light sources, 2598 

are, 2598, 2599 (Fig. 

508) 

flame, 2598 
other, 2600 

spark, 2599 (Fig. 5.08) 
spectrographs, 1091, 2594 ff. 

(Figs. 502-506) 

Hartmann diaphragm, 2598 
(Fig. 507) 

electrodes, 1089, 1091, 2599 
introduction, 2592 
patent situation, 2617 
photographic materials 
developer, 1091, 2614 
plates, 1091, 2614 
quantitative methods, 2609 
comparison, 2609 _ 
control of conditions, 2613 
intensity measurements, 
. 2611 

internal standards, 2610 
working curve, data, 2610, 
2611, 2613 
references, 2617 


Spectrochemical analysis and Spectro- 
graphic analysis, spectra 
absorption, 2614 
emission, 2592 S. 
standards, 2600 

tables, spectral lines, 2602- 
2603, 2604-2607 
zinc, examination for Pb, Fe, 
Cd, A. S. T, M., 1089 
standard solutions, 1092 
Spectroscopic method, for Li, 891 
Spectra, absorption, 2614 

of carbon monoxide in blood, 219 
arc, tables of lines, 2602-2603; 2604- 
2607 

Spectrum, method for detection of: 
barium, 117, 119, 120 
cadmium, 198 
caesium, 893 
calcium, 205 
gallium, 426 
lithium, 887 
rhenium, 769 
rubidium, 893 
scandium, 773 
sodium, 875 
strontium, 899 
thallium, 943 
thorium, 947 

Plate, II, alkaline earths, facing, p, 
119 

Spelter, see zinc, slab 
Spent oxide, evaluation of, 932 
Spontaneous combustion test, of oils, 
1782 

Standard acids, 2194 ff., see hydro- 
chloric, sulfuric acid, etc, 
effect of temperature changes on 
normality, 2198 

standardization, see Acids, Bases, 
etc. 

approx, by sp. gr., 2198 
Standard substances (primary stand- 
ards; ultimate standards) 
for volumetric analysis, 1200—1201 
aeidimetry and alkalimetry 
benzoic acid, 2197 
hydrochloric acid, 2196, 2197 
potassium acid phthalate, 
2197 

sodium carbonatCj 2193 (Fig. 
299) 

oxidation-reduction reactions, 
1203 ff, (See also individual 
substances as: Arsenious oxide; 
Sodium oxalate; Potassium 
iodate ; Potassium diehromate ; 
etc.) 

precipitations and complex reac- 
tions, 1200 ff. 
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Stannous chloride, analysis of, 962 
method for iron, 484 

apparatus, 485 (Fig, 58) 
reduction of ferric solutions, 470 
Standard solution of, 1212 
test for mercury, 574 
osmium, 749 
palladium, 722 
platinum, 713 
selenium, 776 
tellurium, 776 
Starch, analysis, 2156 

converted starches, 2157 
in explosives, 1667 
in paper, 1906, 1907 
in soap, 2039 

solution, preparation, 453, 1198 
preservation of, 453, 1198 
Steam distillation, see Distillation 
Steel, see Iron and Steel, especially 1421 

Stellite, analysis of, 325, 1409 
Stibine, 2347 
properties, 2367 
Stibnite, antimony in, 77 
Stirrer, 680 (Fig. 80) 

Stopcock grease, 1219, 1220 
Streak test, of bitumens, 1513 
Strengthening, of solutions, formulae, 
2236 

Strontium, detection, gen. proc.; flame 
test; snlfate test; spectrum, 899 
estimation, gravimetric 
as carbonate, 902 
as oxide, 902 
as sulfate, 901 

volumetric, alkalimetric method, 902 
silver nitrate method, 902 
occurrence, ores and minerals, 899 
prcparatiou and solution of the sam- 
ple, 900 

separation, from alkalies and mag- 
nesium, 900 

from barium, 122, 123, 901 
from calcium, 123, 901 
solubilities, 900 

sulfate, determination in barite, 131 
solubility, 121 

Strychnine, test for, 1956, 1957 
Sugar, in explosives, 1674, 1678 
in soap, 2039 

Sulfate method, for barium, 127 
cadmium, 201 
calcium, 216 
lead, 504 
strontium, 901 
zinc, 1058 

separation, alkaline earths from ab 
kalies, earths and magnesium, 121 


Sulfates, detection, 904 
estimation 
in barytes, 1867 
in chromium plating baths, 917 
in gypsum, 215 
in hydrochloric acid, 2204 
in leaded zinc or zinc lead, 1861 
in potash, 2169, 2170 
in rubber, 1985 
in soap, 2037 

in sublimed white lead, 1858 
in water, 2064 

volumetric method, 2091, 2096 
in whiting, 1866 
in zinc oxide, 1862 
soluble, estimation of, 917 
in blanc fixe, 136, 1867 
Sulfates and sulfides, estimation in mix- 
tures, 925 

Sulfhydrate in presence of sulfide, 924 
Sulfides, detection, 904 
estimation, in ores, by combustion, 916 
in paint (composite white), 1868 
in sodium sulfide, 2183 
in sulfates, 925 
stains, 936 

Sulfide and sulfhydrate, in mixtures, 924 
Sulfide ores, decomposition of, 906 
Sulfide sulfur 

in rubber, 1985 
traces, 936 

Sulfites, detection, 904 
estimation, iodine titration method, 
926 

in pres, of other acids of sulfur, 925 
in rubber, 1985 
in sodium sulfide, 2183 
Sulfoeyanate, see thiocyanate 
Sulfouation test, bituminous substances, 
1557 

Sulfur, amorphous, determination of, 
934 

in crude sulfur, 938 
detection, element, 903 
compounds, 904 
estimation, general procedures 
gravimetric, as barium sulfate, 908 
from cold diluted solutions, 
909 ^ 

oxidation and precipitation, 
apparatus, 910 (Pigs. 109, 
109a) 

combustion, method, 916 
volumetric ' 

barium chloride metho<J, tetrahy- 
droxyquinone indicator, 919 
barium chlo ride -po tassium diehro- 
mate method (Wildenstein), 918 
barium chromate-iodometric 
method (Hinman), 919 
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Sulfur, benzidine hydrochloride method, 
920 

evolution as hydrogen sulfide, 911 
in iron and steel, 911, A, S. T. 
M., 1442 

apparatus, 912 (Fig. HI), 
915 (Fig. 113), 1443 

(Fig. 185) 
reagents, 911-912 
in iron ore briquettes, sodium 
sulfide, 913 
procedure, 914 

reduction of sulfates, 913, 
apparatus (Fig. 112) 
estimation, special procedures 

available, in brimstone, 934 
free, in mixtures, 931 (Fig. 
115) 

in alcohol, 2141 

in alloys, see Alloys ; see 
Bronze; Steel; Ferroalloys, 
etc. 

in alundum, 36 
in ammoniacal liquor, 638 
in barium ores, 133 
in black powder, 1661 
in bronze, A. S. T, M., 1370 
in cement, 1601 
in chromium plating baths, 917 
in coal, and coke, 906, 1640, 
1642, 1643 
in copper, 389 
in crude sulfur, 937 
in cyanide, 664 
in ferromanganese, 1490 
in ferromolybdenum, 1508 
in ferrotungsten, 1014, 1502 
in ferrovanadium, 1497 
in fuel oils, bomb method, 1756 
in gas, 2395 

in gasoline, A, S. T. M., 1743 
in glass, 2168 

in iron and steel, 492, 494, 911, 
1442 fF. 

in monel metal, 1379 
in nichrome, 1409 
in nickel, metallic, 626 
in oils, 1712; lamp method, 1713 
and liquid fuels, 1743, 1750 
in organic substances, 2507 
(micro) 

in paper, active, 1901 
in pigments, 1874 
in, refined sulfur, 934 
in rocks, silicates, insoluble sul- 
fates, 906 

in rubber, 1982, 2003 ; total, 
1983, 1984, 2003, 2005 
in spent o^ldo, 932 


Sulfur, in steel, evolution method, A. S. 

T. M., 1442, 1433 (Fig. 
185) 

gravimetric, 1440 
in sulfide materials, available 
H,8, 923 
ores, 916 

in thiocyanic acid and its salts, 
925 

in ultramarine blue, 1873 
in zinc oxide, 1862 
forms of, 903, 935 (Figs. 116, 117) 
importance of methods, 904 
occurrence, 903 

preparation and solution of the sample, 
905 

ores, coal, rocks, silicates, in- 
soluble sulfates, 906, 907 
sulfide, sulfate, thiosulfate, 905 
separation from 

ammonium and alkali salts, 908 
chlorates, 907 

iron-bearing materials, 907 
metals having insoluble sulfates, 907 
nitrates, 907 
silica, 907 

total, in crude brimstone, 937 
in refined sulfur, 933 
Sulfur dioxide, in bisulfite liquor, 1929 
in burner gas, 2399 
in zinc oxide, 1862 
method for selenium, 784 
separation from Te, 779 
properties of, 2364, 2365 
gas analysis, 2347 
reduction method for iron, 976 
test for molybdenum, 585 
test for selenium and tellurium, 775 
Sulfur extraction apparatus, 577 (Fig. 
62) _ 

Sulfuric acid, analysis of, 2228 ; sec also 
Oleum, .2233 
antimony in, 2231 
arsenic in, 2230 
arsenious acid in, 89 
Gutzeit method, 105 
boiling-point — composition chart, 
2228 

combined, in soluble sulfates, 917 
copper in, 2231 
fluoride in, 2233 
free, estimation, 921 
freezing-point-composition chart, 
2228 (Fig. 308) 
gases, 2399 

hydrochloric acid in, 2232 
iron in, 2230 
lead in, 2230 

mist in gases, determination, 2416 
(Pig. 387) 

nitric acid in, 2216, 2232 
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Sulfuric acid, normal solution of, 21&-t 
gravimetric standardization, 
2195 

volumetric standization, 2194 
residue, non-volatile, 2229 
selenium in, 2232 

specific gravity, 1150-1154, 2238- 
2243 

zinc in, 2231 

Sulfuric acid, determination in 
acetic acid, 2250 
aluminum salts, 15 
ammoniacal liquor, 638 
arsenious acid, 109 
formic acid, 2247 
hydrochloric acid, 2204 
hydrofluoric acid, 2210 
nitric acid, 2212 
oleum and mixed acids, 2233 
paint pigments, 1873, 1875, 1876 
tartaric acid, 2255 
test for lead, 500 
molybdenum, 586 
selenium, 776 
tellurium, 776 

Sulfuric acid — mercury method, copper 
compounds, 396 
Sulfurimcter, 935 (Fig. 116) 

SulfuTous acid (see also Sulfur dioxide) 
free or combined, in sulfites, bisul- 
fites, metabisulfitea and 
thiosulfates 

acidimetric-alkalimetrie, 927 
gravimetric method, 925 
iodometric method, 926 
in acetic acid, 2251 
in hydrofluoric acid, 2210 
method for copper compounds, 393 
gold, 438 

reduction of chlorates, 274 
iron, 471 

test for iridium, 730 
Sulfur trioxide (see also Sulfur; Sul- 
furic acid) 
in gypsum, 215 
in so^um silicate, 805 
in zinc chloride, 1080 
Surveillance test, explosives, 1697 
Synthetic method, solutary determina- 
tion, 2582 

T 

Tables, 

absorption spectra, rare earths, 257 
acids, qualitative separations, 1112, 
1128-1135 
specific gravity 

acetic acid (Oudemans’) table, 
1156, 2252 

melting points (Budoiff ) , 
1156 


Tables, specific gravity 

hydrochloric acid, Ferguson ’s 
table, 114a-H43; 2206- 

2207 

constant-boiling, 1144, 2196, 

2208 

nitric acid, Ferguson ’s table, 
1145-1146; 2220-2221 
nitric acid, Lunge, Eey, 1147- 
1148; 2222-2223 
phosphoric acid, Hager table, 
1149, 1150, 2127 
sulfuric acid, Ferguson and Tal- 
bot ’s tables, 1150-1151; 
1152-1154; 2238-2242 
Bishop table, 1154; 2242 
approximate boiling points, 
1151 

fuming, 1155, 2243 
specific gravity charts and 
boiling points, 2228 
alcohol, ethyl, specific gravity, 2142- 
2146 
alkalies 

aqua ammonia, Ferguson ’s table, 
1157, 2269 

coefficient of expansion, 1157 
sodium hydroxide, Lunge ^s table, 
1158-1159; 2268 

arc spectra, 2602-2603; 2604-2607 
atomic weights, front cover, 
bases, reactions of, 1114-1127 
Eaume degrees, comparison with speci- 
fic gravity, 1168 
bead tests, 1109 

bituminous substances, 1510-1512 
buoyancy constants, of water, 1226 
cement analysis, 817, 1619 
centigrade and Fahrenheit temperature 
scales, 1165 

compounds, inorganic, useful data 
(Meiklejohn), 1161-1164 
conversion tables, volume, weight, en- 
ergy, 1176-1178 
density, of water, 1228 
ebullioscopic constants, 2532 
electromotive series of elements, 1141 
energy, conversion tables, 1177 
fatty acids, characteristics, 1794 
flame tests, 1108 
gases 

aqueous vapor pressure vs. tempera- 
ture, 2425 

calorific power, 2426 
chimney or flue, calculations, 2383 
commercial, compositions (typical), 
2397 

constants of, 1166-1167; 1171-1172; 
2424 

correction factors, 2429-2430 
cylinders, data, 2428 
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Tables, gac^w 

dangerous concentrations (toxic) , 
2427 

efficiency and heat loss, 2383 
emergent Stem data, calorimetry, 
2431 

humidity corrections, 2432 
producer gas, composition, 2388 
specific gravity, 2411 
specific heat, 2425 
sulfur dioxide, iodine values, 2425 
volumetric factors, 2428 
hafrdness, in water, 2082 
heat of combustion, compounds, 1185- 
1186 

fusion, elements and compounds, 
_ 1188-1190 

indicators, for pH measurement, 2281 
for titrations, 2191 
ionic mobilities, 2324 
logarithms and antilogarithms, 1179- 
1182 

melting-points, of elements, Table I, 
1140 

metric and other units, 1169-1170, 
2426 

microorganisms, in water, 2100; identi- 
fication, 2106; control, 2113, 2114 
millicquivalenta, inorganic substances, 
1161-1164 

minerals, common, list of, 1183-1184 
oils, characteristics of, 1795, 1796 
drying oils, 1849 

phosphate, typical compositions, 691 
platinum metals reactions, 753 
qualitative tests, 1107-1135 
reaction coefficients, water analysis, 
2086 

salt effects, on pH, 2286 
saponification numbers, 1773 
separations, platinum metals, 729 
silver tables, U. S. Mint, 829 
Simpson’s table, columbite-tan^alite 
specific gravity, 331 
solubility, qualitative, 1136 
quantitative, back cover 
specifications 
fuel oils, greases, 1791 
gasoline, burning oils, 1790 
lubricating oils, 1792, 1793 
specific gravity, and degrees Bauin6, 
1168 

(see Acids; Alkalies; Alcohol, etc.) 
spectra, absorption, rare earths, 257 
arc, persistent lines, by elements, 
2602-2603 

by wavelengths, 2604-2607 
temperature, conversion, centigrade to 
Fahrenheit, 1165 

from colors of heated metals, 1141 
of flames, 1140 


Tables, temperature 
standards, 1141 

vapor pressure of water, Regnault, 
Broeh and Weibe, 1160 
vapors, constants of, 1166-1167 
viscosity, 1725 
conversion data, 1799 
chart, 1798 

water, buoyancy constants, 1226 
density, 1228 

weights for various volumes, 1229 
waxes, characteristics of, 1797 
weights and measures, conversions, 
1176 

precision and tolerances, analy- 
tical, 1234 

zinc, slab, tolerances, 1071 
Tallow, sec oils, fats, waxes, tables. 
Tannic acid, 2158 
Tannins, 2159 

in columbi urn -tantalum separation, 346 
Tantalite, 331 

Tantalum (see also Columbium and Tan- 
talum) 

detection, 332, 333 
traces, 333 
estimation, 347 
separations, 344-347 
specific gravities, minerals (Simpson), 
331 

uses, 331 

Tar, sec Bituminous substances. 

Tartar emetic, antimony in, 82 
Tartaric acid, determination, Goldenberg 
Co. method, 2254 
Oulman method, 2254 
Tartrate test, for potassium, 862 
Tellurates, telluric acid, estimation of, 
786 

Techniques, special, Vol. II, part II, 2189 
and ff. 

Tellurium, detection, general procedure, 
775, 776 

in complex mixtures, 777 
estimation, general procedures 

gravimetric, as dioxide, 786 
hydrazine-sulfur dioxide 
method, 785 

sulfur dioxide method, 781 
volumetric, 793 
special procedures 

analysis of metallic Te, 788 
and selenium, in complex mix- 
tures, 777 

iu copper, 388, 789, 792 
in flue dust, 790 
in lead slimes, 789 
separation, 780 (Fig. 94) 
and determination, 782 
(Fig. 95) 
occurrence, 775 
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Tellurium, preparation and solution of 
sample, 778 

separations, see Selenium 
Tellurium and selenium, in selenium, 787 
in tellurium, 788 
refinery methods, 787 
Temperature, effect on normalities of 
solutions, 2198 
on pH measurements, 2288 
estimation, by optical method, 1141 
Fahrenheit’Centigrade conversions, 1165 
of flames, 1140 

transition, and solubility, 2582 
Tensile strength, of bituminous sub- 
stances, 1564 
of cement, 1597 
Terbium, 245 

Test lead, reduction of ferric salts by, 470 
Test papers, see Antimony; Arsenic; 
Lead; Sulfur 

Tetrabromide, in rubber analysis, 1975 
Tetraethyl lead, in gasoline, 1804 
1, 2, 5, 8-Tetrahydroxyanthraquinone, test 
for Be, 138 

Tetrahydroxyquinone, indicator, 129 
for sulfate, 919 
Tetryl, aualysis of, 1684 
Thallium, detection, 942 
estimation, gravimetric, 944 
volumetric, 944 
preparation of solution, 943 
separations, 943 

Thallous oxide test, for platinum, 713 
Thermometer, for distillations, oils, 1707 
see A. S. T. M. methods, calorific 
value; flash points, etc. 

Thiocyanate, determination in presence 
of chloride and cyanide, 277 
cyanide, 661 

method for determination of 
copper, 357 
iron, 486 
mercury, 580 
rhenium, 772 
silver (Volhard), 824 
test for hydrocyanic acid, 1946 
silver, 819 

Thiocyanic acid, sulfur in, 925 
Thioglycollie acid, method for iron, 487 
Thionalide, reagent, 1218 
Thiosnlfate, detection, 904 

determination in presence of sulfide 
and Bulfhydrate, 925 
in sodium sulfide, 2183 
method for thorium separation, 950 
titrating iodine, 925 
standard solution, for copper, 308, 
1211 ^ 
for water analysis, 2079 
general purposes, 452, 1211 


Thiosulfate-iodide method, lead peroxide 
estimation, 524 

Thiourea, test for osmium, 749 

Thorium, detection, 946, 947 
estimation, 953 
occurrence, 946 

preparation and solution of the sample, 
948 

separations, phenylarsonie acid method, 
952 

pyrophosphate method, 949 
thiosulfate method, 950 

Thulium, 245 

Time-viscosity data, conversion Saybolt 
to Engler, 1799 

Time required in, gas analysis, 2351, 
2352, 2359 

Tin, detection, 954, 955 
estimation, general procedures, 
gravimetric 

electrolytic, micro, 2513 
hydrolysis; ignition to oxide, 
959 

precipitation by cupferron, 
961 

purification of the oxide, 960 
sulfide method, 960 
volumetric, ferric chloride 
method, 966 

iodine method (Lenasen), 964 
Baker’s modificatiou, 964 
Sellars’ reduction appa- 
p a r a t u 8 , 966, 967 
(Figs. 119, 120) 
estimation, special procedures 

in alloys, brass and bronze, 969 
Fig. 121 

in aluminum alloys, 49 
in Babbitts, 968 
in bearing metals, 1362, 1363 
in bichloride of tin, 962, 963 
in bismuth bronze, 1375 
in bronze, A. S. T. M., 1356 
in canned food products, 971 
in ferrotungsten and tungsten 
powder, 1015, 1504 
in lead-base alloys, 1383, 1385 
in lead (metallic) pig, 1416 
in magnesium alloys, 549 
in silver solder, 1404 
in tin-base alloys, 1383, 1385 
in water 2080 
in white metal, 973 
in Wood’s metal, 1379 
in zinc-base alloys, 1396 
importance of methods, 955# 
occurrence, 954 

preparation and solution of the sample, 
955 

cyanide process, 955 
hydrogen reduction, 957 
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Till, sodium carbonate method, 956 
hydroxide method, 957 
peroxide method, 957, 972 
separation, from antimony, 69, 71 
in alloys, 957 

from arsenic and antimony, distilla- 
tion method, 69, 1385 
from copper; lead, 957 
from iron, etc., 958 
from phosphorus; tungstic acid, 958 
from silicon, 958 
from silver, etc., 958 
general method, 957 
Tin-base alloys, 1381 
Tincal, 164 
Tissue, iodine in, 460 
Titaniferous materials, analysis of, 995 
slags, decomposition of, 978 
Titanium Alloy Manufacturing Co., 
method for N in steel, 656-658 
Titanium, detection, 976 

estimation, general procedures 

colorimetric, hydrogen peroxide 
method, 987 ; app., 988, 989 
(Figs. 123, 124) 
thymol method, 994 
gravimetric, Gooeh-Thornton 
method, 981 

Tolumctrie, after reduction >\ith 
zinc 

apparatus, 986 (Fig, 122) 
ferric salt titration, 985 
permanganate titration, 984 
estimation, special procedures 

in, aluminous materials, 21, 25, 
27 

in aluminum and its alloys, 42 
in alundum, 34 
in bauxite, 997 
in clay, 2163 

in fcrro-earbon-titanium, 983, 
987 

in illmenite, 496 
in paper, 1925 
in pigments, mixed, 998 
titanium oxide, 986 
titanox, 999 
in silicon carbide, 815 
in steel, 1468, 1482 

treated with Fe-C-Ti, 991-993 
importance of methods, 976 
occurrence, 975 

preparation and solution of the sample, 
977-979 

separations, from alkaline earths, 980 
aluminum, cupferron method, 980 
bivalent metals (Mn, Ni, Co, Zu, 
eteO, 98Q 

copper, zinc, aluminum, iron, etc., 
979 

hydrogen sulfide group, 979 


Titanium, iron, ether method, 980 
other elements, 980, 981 
standard solution of, 989 
Titanium oxide, in pigments, 1863 
Titanium pigments, analysis of, 986, 999, 
1863 

Titanous salt, estimation of iron, 479 
apparatus, 480 (Fig. 57) 
preparation of solution, 479 
standardization, 480, 481 
Titanox, analysis of, 999 
Titan yellow G, test for Mg, 529 
Titer, see Milli equivalents, table of, 
1161-1164 

Titer test, for oils, 1784 
for soap, 2042 

Titration method, solubility determina- 
tion, 2585 

of acids and alkalies, 2200 
Titrations, see Acids; Alkalies; various 
oxidizing and reducing agents, etc. 
see also Conductometric methods; Po- 
tentiomctric methods; Microanalysis 
TNT, see Trinitrotoluene 
Tolerances, for weights, 1234 
Toluene, microdetermination of, 2547 
use in moisture distillation, 1342 
o-Toluidiue, 280 

Traces of: (see also under clement in 
question; see Poisons; see Micro- 
scopy) 

aluminum, detection with alizarine S, 2 
aluminon, 2 

determination, with aluminon, 55 
general method, 59 
rapid method, 61 
ammonia, 630 
antimony, detection, 64 
determination, 78-81 
arsenic, detection, 87 
determination, 105—107 
barium, detection, flame and spectrum, 
117, 120 

beryllium, 143, 14.5 

bismuth, colorimetric determination, 
158, 159 

boron, tests, 162, 163 
quantitative, 185, 186 
bromine, detection, 188 
estimation, 192, 193 
cadmium, 202 
caesium, 893 

calcium, flame and spectrum, 120, 205 
carbon, colorimetric est., 232, 234 
cerium and other rare earths, detection, 
257, 258 

chlorine, detection, 261, 281 
chromium, detection, 282, 283 
determination, 289, 290 
cobalt, detection, 305, 306 
estimation, 314 
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Traces of, colunibium, 332, 333 
copper, detection, 349, 350 
determination, 376-381 
fluorine, detection, 399-401 

estimation, etching method, 421, 422 
Steiger-Merwin method, 410 . 
zirconium-purpurin method, 423 
gallium, detection, 426 
gold, detection, 431-433 

determination, 438, 439; Fire assay, 
835 £f. 

halogens, detection, 281 
indium, 445 
iodine, detection, 448 
iron, detection, 462, 463 

determination, 482, 486, 487 
lead, detection, 500 
determination, colorimetric, 517, 521 
gravimetric, 514 
lithium, detection, 887 
estimation, spectroscopic, 891 
magnesium, detection, 529 
manganese, detection, 554, 555 
determination, 572, 573 
mercury, detection, 574 
metals, microeleetrolytic estimation, 
2514 

molybdenum, detection, 585, 586 
estimation, colorimetric, 606, 608, 
609, 610, 612 

nickel, detection, 614, 615, 617 
nitrogen, as ammonia, Nessler^s test, 
630 

as nitric acid, detection, 630, 631 
determination, 640 
as nitrous acid, detection, 631 
oxygen, estimation, 687, 688 
phosphorus, detection, 689, 1945 
platinum, detection, 712, 713 
metals, iridium, 730 
osmium, 748, 749 
palladium, 721, 722 
rhodium, 742 
ruthenium, 737, 738 
potassium, detection, 862 
radium, detection, 758 
rhenium, detection, 768, 769 
estimation, 772 
rubidium, detection, 893 
scandium, detection, 773 
selenium, detection, 775, 776 
silicon, detection, 794, 795 
estimation, colorimetric, 803 
silver, detection, 818-820 

estimation, 820; fire assay, 835 fl, 
sodium, detection, 875, 876 
strontium, detection, 120, 899 
sulfur, combined and free, detection, 
903, 904 
estimation, 936 
tantalum, detection, 332, 333 


Traces of, tellurium, detection, 775, 776 
thallium, detection, 942 
thorium, detection, 946, 947 
tin, detection, 954, 955 
titanium, detection, 976 
estimation, colorimetric, 987, 994 
tungsten, detection, 1001 
uranium, detection, 1017 
vanadium, detection, 1031 
estimation, 1051, 1052 
zinc, detection, 1054 
estimation, 1068 
zirconium, detection, 1093 
Transition temperature, and solubility, 
2582 

Trinitrotoluene, examination of, 1681 
Triphenyltin chloride, 1218 
method for fluoride, 406 
Trisodium phosphate, analysis of, 703- 
705 

Trisulfide, antimony, 72 
arsenic, 96 

Tropeolin 00, adsorption indicator, 281 
Tung oil (Chinese wood oil), examina- 
tion of, 1847 

specifications, A. S. T. M,, 1847 
Tungstate method, for calcium, 216 
Tungsten, detection, in alloys and steel, 
1001 

in minerals, 1001, 1002 
estimation, general 

gravimetric, 1002, 1005 
special 

in ferrotungaten, 1011, 1499 
in stellite, 326 
in steel, A. S. T. M., 1465 
ores and concentrates, analysis, 
1005 

acid attack, 1005 
fusion attack, 1010 
* iron in, 1007 
molybdenum in, 1007 
tantalum and columbium in, 
1007 

occurrence, 1001 

preparation and solution of the sam- 
ple, 1002 

reagent, cinchonine, 1006 
separation from arsenic and phos- 
phorus, 1003 
iron, 1005 
. lead, 1005 

molybdenum, 1004 
silica, 1003 
tin, 1003 
titanium, 1004 
uranium, 1005 
vanadium, 1004 

solubilities of acids and oxides, 1002 
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Tungsten, tungsten metal and ferro- 
tungsten, A. S. T. M, methods, 
1011, 1499 ff. 
determination of 
■antimony, 1015 
copper, 1015 
phosphorus, 1012 
silicon, 1014 
sulfur, 1014 

tin, 1015, 1016 (Pig, 126) 
tungsten, 1011, 1499 
Tungstic acid, method for tungsten, 1002 
Turbidity tests, of water, 2047 
Turmeric indicator, 185 
test for boron, 163 

colorimetric estimation, 185 
Turpentine, analysis of, 1850 (color; sp. 
gr.; ref. index; dist. test; polymeriza- 
tion; standards) 

U 

Ulexite, 164 

Ultimate standards, 1200, 1201 
Ultramarine blue, analysis of, 1872 
Unbuffered solutions, pH of, 2284 
United States Government, etc., see U. S. 
Units, metric and other, tables, 1169, 
1170 

physical, 1174, 1175 

Unsaponifiable matter, in linseed oil, 
1844 

detection of, 1773 
in oil, identification of, 1774 
in rubber, 1980, 2008 
in soap, 2031, 2032 
Uranium, detection, 1017 

uraiious and uranyl salts, 1017 
estimation, general 

gravimetric, as oxide, 1022 
volumetric, 1027 
special 

in carnotite, 1024 
in ferrouranium, 1028 
in iron and steel, 1028 
in ores, 1022 
occurrence, 1017 

preparation and solution of the sam- 
ple, 1019 

separation, cupferron method, 1021 
from hydrogen sulfide group metals, 
1019 

from iron, and metals having in- 
soluble carbonates, 1020 
from molybdenum, tungsten, vana- 
dium, 1021 

from vanadium, 1020, 1021 
solubilities, 1019 
uranous salts, detection, 1017 
uranyl salts, detection, 1017 
uses, 1018 


Uranyl acetates of sodium, with mag- 
nesium, zinc, cobalt or nickel, 875 
Urea method (Willard and Tang) for 
aluminum, 11 

Useful data, inorganic compounds, table, 
1161-1164 

U. S. Government specifications, petro- 
leum products, 1790-1793 
U. S. Mint, tables, silver, 829 

V 

Vacuum correction, for weighings, 1223 
Vacuum oven, 1317 
Vacuum-tube voltmeter, 2321 
Valenta test, for oils, 1765 
Valuation, of aluminum ores, 17, 19 
of fluorspar, 419, 420 
Vanadium, detection, 1031 

contrast ivith Cr salts, 1031 
estimation, general procedures, 1035 
gravimetric, lead acetate 
method, 1036 

mercurous nitrate method, 
1036 

volumetric 

ether extraction, 1052 
phosphomolybdate method, 
1051 

reduction 
by HCl, 1046 
by SO,, 1037 
by zinc, 1037 

titration by permanganate, 
1037, 1039 
potentiometrie, 2315 
estimation, special procedures 

differential reduction and titra- 
tion: 

vanadium, arsenic, antimony, 
1039 

chromium, 1041 (Fig. 127) 
iron, 1040 
molybdenum, 1039 
in aluminous materials, 23, 26 
in alundum, 35 

in antimony, arsenic, vanadium 
mixtures, 1039 

in brasses, bronzes, cuprovaua- 
diura, 1051 

in ferrovanadium, 1050; A. S. 

T. M., 1494 
in molybdic acid, 597 
in ores, 1042 
fusion method, 1047 
persulfate method, 1048 
in steel, electrolytic, 1458 

potentiometrie method, 2315 

ff. 

with chromium absent, 1051, 
1459 
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Vanadium, "with chromium present, 1473, 
1477, 1479 

importance of methods, 1030 
occurrence, 1030 

phosphorus in presence of vanadium, 
zirconium method, 706 
preparation and solution of the sam* 
pie, 1032 
alloys, 1034 

ores, general procedure, 1033 
separatiou, cupferron method, 1035 
from arseuie, 1034; chromium, 1035; 
molybdenum, 1034; phosphoric 
acid, 1034 

solubilities, element, 1032 
oxides and salts, 1033 
Vanier absorption bulb, 221 
Vapor pressure of water, table, 1160 
Vapors, table of constants, 1166-1167 
Varnish, analysis (acid no.; ash; fixed 
oils; res.; flash-pt.; sep^n of poly- 
merized oils and resins) 1851 
Var rent rapp- Will absorption bulbs, 2344 
Vegetable oils, see Oils, fats, waxes 
Vehicles, paint 
analysis, 1839 
liquid, per cent of, 1840 
separation of components, 1841 
Velocity, gas flow, Pitot formulas, 1173 
Venturi meter, 2342 
Vermillion, analysis of, 1871 
determination, in red ink, 2177 
in rubber, 1991 
Verpnal, determination, 1953 
Villavecchia test, oils, 1782 
Viscometer, conversion chart, 1798 (Fig. 
258) 

tables, 1799 

Viscosimeters, 1718, 1719, 1724; micro, 
2546 

Viscosity, in centipoises, sugar solution, 
1725 

of bituminous substances, 1518 (Fig. 

190 (float test apparatus) ) 
of nitrocellulose, 1694 
of oil, determination, 1718 
Englcr apparatus, 1718 (Fig. 243) 
MaeMichael, 1724 
Saybolt, 1721 (Pigs. 244, 245) 
of pulp (euprammonium), 1884 ft, 
of starch, 2157 

Volatile combustible matter, in coal 
apparatus, 1639 
method of determination, 1638 
Volatile hydrocarbons, in soap, 2040 
matter, in bituminous substances, 1527| 
1528 (Pig. 196) 
in paint, distillation of, 1841 
in pigments, 1874 
in sodium fluoride, 421 


Volhard titration 
for bromide, 192 
chloride, 271 
copper, 376 
cyanide, 661 
iodide, 457 
manganese, 561 
silver, 824 

Volt, definition, 1175 
Voltmeter, vacuum-tube, 2321 
Volume-change, and solubility, 2584 
Volumes, formulae for, 1170 
unit, conversion table, 1176 
Volumetric apparatus, calibration, 1219 
ff. 

by direct measurement, 1220 
from weight of water, 1221 
of burettes, 1224, 1225 (Fig. 131) 
of flasks, 1223 (Fig. 130) 
of pipettes, 1224 
cleaning of, 1219 
illustrations of, 1219 (Fig. 129) 
Volumetric methods, see Element or sub- 
stance in question. 

Vulcanization coefladent, of rubber, 2014 
Vulcanized rubber, see Rubber 

W 

Wagner’s solution, 209 
Washing soda, analysis of, 2263 
Waste and reclaim, see Rubber 
Water analysis, general considerations, 
2046 

mleromethods, 2545 
mineral analysis 

abstract of general scheme, 
2057, 2058 

acidity, determination of, 2072 
alkalinity, determination of, 
2066 

alumina, determination of, 2059 
ammonia determination of, 
2077 

bicarbonate, 2095 
boiler-room control, 2088 
boron, 164, 186 
bromine, 195 

calcium, determination of, 216, 
2061, 2096 

calcium sulfate, determination 
of, 2084 
carbonate, 2095 

carbon dioxide, apparatus for 
determination, 2070 (Fig- 

289) 

fraction as pH, 2072 (Fig. 

290) 

total, 2070 

carbonic add, determination of, 
2075 
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Water analysis, chlorine, determination 
of, 280, 2075, 2095 
combinations in, hypothetical, 
2087 

corrosion, acid waters, deter- 
mination of, 2087 
field assay, 2087 
foaming, 2086 
hardness in, 2081 
hydrogen-ion concentration, 2073 
hydrogen sulfide in, 2078 
hydroxide-ion concentration, 
2067, 2095 

standard method, 2068 
interpretation of analysis, 2085 
iodide or iodine in, 459 
iron, determination, 2059, 2060 
irrigating waters, 2098 
lead, zinc, copper, tin, 2080 
lime value, 2084 
lithium determination, 2065 
magnesium in, 2062, 2096 
chloride, 2083 

manganese, determination, bis- 
muthate method, 2063 
persulfate method, 2063 
mineral residue, 2077 
nitrates, determination of, 2076 
oil, determination of, 2078 
oxygen, dissolved, est, of, 2079 
phosphates, determination, 2061, 
2090 

preparation of solutions for, 
2094 

priming, 2086 
rapid methods, 2093 
reaction coefficients, 2086 
residue, total mineral, 2077 
scale, determination of, 2087 
silica, determination of, 2059 
colorimetric, 803 
soda value, 2084 
sodium and potassium, deter- 
mination, 2065 
softening, 2086 

sulfates, determination, as ba- 
rium sulfate, 2064 
benzidine method, 2064 
volumetric method, 2091, 
2096 

traces, of heavy metals, 2080 
sanitary analysis, 2047, if. 

ammonia, albuminoid in, 2050 
free, 2049; 2050 (Fig. 288) 
chlorine, as chloride, 2054 
aolor test, 2048 

interpretation of analysis, 2055 
nitrogen as nitrate, 2053 
as nitrite, 2052 
organic, 2051 
odor test, 2048 


Water analysis, oxygen consumed, 2053 
physical tests, 2047 
residue, total solids in, 2055 
taste, 2049 
turbidity, 2047 

Water, bacteriological examination 

apparatus and materials, 2117, 
2118 (Pig. 296) 
bacteria, total in, 2124 
brilliant -green, lactose, peptone 
bile, 2122 

b. coU, examination for, 2125 
reaction classification, coli aero- 
genes group, 2126 
selection of tests, 2129 
subelassification of, 2125 
tests, completed, 2128 
confirmed, 2127 
presumptive, 2126, 2127 
b. typhi, examination of, 2131 
subelassifications of, 2132 
test, Widal, 2132 
Endows medium, 2121 
eosin-methylene blue agar, 2121 
Hesse agar, 2123 
nutrient agar, 2120 
broth, 2120 
gelatin, 2120 

pH of media and solutions, 2119 
Bussell’s media, 2123 
s amp 1 ing, for examination, 2116 
(Fig. 295) 

sterilization procedure, 2120 
sugar broths, 2120 
Widal test, b. typhi, 2132 
examination by microscope, 2099 
control of organisms, 2111 
chemicals needed, 2113, 2114 
importance of examination, 2099 
microscope, 2105 (Pig. 292) 
ocular micrometer (Fig. 293) 
microscopical apparatus, 2112 
(Fig. 294) 

organisms, identification, 210D 
odors, 2100 
plates, 2107, 2108 
tabular outline, 2106 
references, 2114-2115 
sampling, 2102 (Fig. 291) 
Sedgwick-Eafter method, 2102 
Water, determination, 1338-1345. See 
also Moisture. 

by absorption and weighing, 1339 
(Fig. 180) 

by loss in weight (indirect), 1338 
centrifugal method, A. S. T. M., 
for oils, 1761 
distillation method, 1340 
Bidwell -Sterling, 1342 
Brown -Du vel, 1341 
Dean and Stark, 1340 
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Water, Kingman, 1343, apparatus (Fig. 
181), 1344 
Marcusson, 1343 
in acetone, 2135 

in bituminous substances, 1551 
(Figs. 208, 209); 1553 (Fig. 
210 ) 

finished product, 1595 (Fig. 
224) 

in gases, 1347 
in grease, 1829 

in oils (fuel) A. S. T. M., 1758 
in paint vehicles, 1841 
in soap, 2028 
in sodium silicate, 805 
solubility of oxygen in, 677 
tables, buoyancy constants, 1226 
density, 1228 
vapor pressure, 1160 
weight, apparent, in air, 1229 
Water gas, see under Gases 
composition, 2397 
Watt, definition, 1175 
Watt 'hour, 1175 
Waxes, 1788 
in grease, 1830 
table of characteristics, 1797 
Weighing, in microanalysis, 2464 ff. 
Weighing bottle, for acids, 643 (Fig. 68) 
burette, 2202 (Fig. 304) 
tubes, for acids, 2201 (Figs. 301, 
302), 2202 (Figs. 303, 304) 
platinum, 2209 

Weights, correction for buoyant effects, 
1233 

for fire assay, 841 
precision and tolerances, 1233 
standardization of, 1230 
Westphal balance, 1517 
Wet assay, gold in minerals, 434 

combustion, carbon determination, 
226 

tests, for silver, 818 
White lead, corroded, analysis, 524 
sublimed, analysis, 18r58 
White metals, analysis (see also Alloys; 
Tin-base alloys; lead-base alloys) 
determination of antimony, 84, 85, 
114 

determination of arsenic, 112, 114 
tin, 973 
Wliiting, 1866 

Wire-bar copper, iron in, 383 
Witherite, analysis of, 129 
commercial valuation, 130 
Wolframite, see Tungsten, occurrence 
Wood alcohol, see Alcohol methyl; metha- 
nol 

Wood ^8 metal, analysis of, 1399 
Wulfenite, molybdenum in, 597 


X 

Xanthate separation, cobalt aud nickel, 
310 

Xenon, 2348 ; properties, 2380 
Xenotime, 246 

Xylene, use in moisture determination, 
1343 

Y 

Yellow pigments, analysis, 1874 
Ytterbium, 245 
Yttrium, 245 
group, 245 

approximate estimation, 250 

Z 

Zimmermann- Reinhardt solution, 476 
Zinc, detection, 1054 

hydrogen sulfide; ferrocyanide tests, 
1054 

mercuric thiocyanate, blow pipe and 
cobalt nitrate tests, 1055 
estimation, general procedures, 1055, 
1057 

gravimetric, electrolytic, 1059; 
micro, 2513, 2315 
oxide method, 1058 
phosphate, pyrophosphate, 
1058 

sulfate, 1058 

see also micromethod, 2547 
volumetric 

ferrocyanide titration 

diphenylainine indicator for, 
1065 

for small amounts, 1068 
in acid solution, 1060 
in alkaline solution, 1066 
potentionietric method, 2314 
rapid method, 1064 
estimation, special procedures 
* in aluminum alloys 

mercury thiocyanate method, 
45 

oxide method, 44 
in arsenic/' 110 
in bismuth bronze, 1377 
in brass and bronze, 1084; A. 

8. T. M., 1366 
in cadmium, 1078 
in copper, 385 

in galvanized sheets (coating), 
1087 

in German silver, 1375 
in lead, pig, 1083, 1418 
in lead sulfate, basic, 1856 
in magnesium alloys, 542 
in ores, 1067 

in paint, composite white, 1868 
in paper, 1922 
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Zinc, in pigments, * orange and yellow, 
1875 

in presence of 
cadmium, 1062, 1067 
carbou, 1067 
iron, 1062 
manganese, 1062 
in rubber goods, 1085 
in silver solder, 1403 
in slag, 2023 

in soft solder, 1085, 1392 
in sulfuric acidj 2231 
in water, 2080 
in white lead, 1859 
in Wood’s metal, 1401 
in zinc dust, 1069, 1070 (Fig. 
128) 

in zinc lead and leaded zinc, 
1861 

moisture, in zinc pulp, 105G 
occurrence, 1054 
preparation of sample, 1056 
separation, from antimony, etc. (cop- 
per group), 1056 
from cadmium, 1062, 1067 
from copper, 1067 
from iron, 1057 

iron, aluminum, manganese, cobalt 
and nickel, 1057 
from silica, 1056 
sulfide precipitation, 1057 
discussion of, 1062 

turbidity procedure, small amounts, 
1068 

uses, 1054 

Zinc amalgam, mercury in, 582 
preparation of, 1199 
Zinc arsenite, arsenic in, 90 
Zinc-base die-casting alloy,. 1394 
Zinc chloride, fused, 1082 
ammonia in, 1083 

Zinc chloride method, lime in CaCOa, 2270 
Zinc chloride solution, specific gravity; 
zinc; chloride; SO,,; iron; alumina; 
manganese; lime; magnesia; alkalies; 
copper; barium, 1079 ff. 

Zinc chloride test, for Eu, 737 
Zinc lead, and leaded zinc, analysis, 1861 
Zinc metal, test for iridium, 730; pal- 
hadium, 712; platinum, 713; rhodium, 
742; ruthenium, 737; selenium, 776; 
tellurium, 776; titanium, 976; vana- 
dium, 1031 

Zinc ores, lead in, 527 
Zinc oxide method, Fc, Al, Cr, separation 
from bivalent metals, 312 
Zinc oxide, in commercial product, 1862 
in Hthopone, 1863 
method for zinc, 1058 
Zinc reductor, see J ones reductor 


Zinc reduction method, for chlorates, 274 
for iron, 470 
for titanium, 976 
for uranium, 1027 
for vanadium, 1039 
Zinc slab. A, S. T. M. methods, 1071 
cadmium in, 1074 
copper in, 1077 
lead in, 1071, 1073 
rejection limits, table, 1071 
Zinc, speetrochemieal analysis, Pb, Fc, 
Cd, 1089 

Zinc sulfate, method for zinc, 1058 
see also Paint pigments 
Zinc sulfide, in lithopon.e, 1863 
Zinc uranyl acetate, method for Na, 878 
test for Na, 875 
Zirconium and Halfnium 
detection, 1093 

estimation, general procedures 
gravimetric, as oxide, 1099 
cupferron procedure, 1099 
hydroxide procedure, 1103 
phenylarsonic acid procedure, 
1102 

sclcnious acid procedure, 1101 
special procedures, 
in aluminous materials, 23, 26 
in alundum, 34 
in bauxite, 997 

in steels, reference 1104; 1470, 
1482 

in zirconium ores, 1103 
occurrence, 1093 

preparation and solution of the sample, 
1095 

borax method, 1097 
potassium hydrogen fluoride 
method, 1096 

sodium peroxide-charcoal 
method, 1095 

sodium peroxide method, 1095 
separation, from aluminum, chromium 
and uranium, 1099 
copper-tin group metals, 1098 
halfnium, 1104 

iron, nickel, cobalt, manganese and 
zinc, 1098 
molybdenum, 1099 
thorium and rare earths, 1099 
titanium, 1099 
tungsten, 1099 
vanadium, 1099 

Zirconium method, phosphorus in pres- 
ence of V, 706 
Zirconium nitrate, 407 
Zirconium pigments, 1864- 
Zirconium-purpurin method, for fluoride, 
423 
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